
Customer Energy Efficiency Program 
Measurement and Evaluation Program 

EVALUATION OF 
PACIFIC GAS & ELECTRIC COMPANY'S 

1995 NONRESIDENTIAL ENERGY EFFICIENCY 
INCENTIVES PROGRAM 

FOR COMMERCIAL SECTOR 
REFRIGERATION TECHNOLOGIES 

APPENDICES 

PG&E Study ID number: 330 

March 1, 1997 

Measurement and Evaluation 
Customer Energy Efficiency Policy & Evaluation Section 

Pacific Gas and Electric Company 
San Francisco, California 

Disclaimer of Warranties and Limitation of Liabil it ies 

As part of its Customer Energy Efficiency Programs, Pacific Gas and Electric Company 
(PG&E) has engaged consultants to conduct a sedes of studies designed to increase the 
certainty of and confidence in the energy savings delivered by the programs. This report 
describes one of those studies, it represents the findings and views of the consultant 
employed to conduct the study and not of PG&E itself. 

Furthermore, the results of the study may be applicable only to the unique geographic, 
meteorological, cultural, and social circumstances existing within PG&E's service area during 
the time frame of the study. PG&E and its employees expressly disclaim any responsibility or 
liability for any use of the report or any information, method, process, results or similar item 
contained in the report for any circumstances other than the unique circumstances existing in 
PG&E's service area and any other circumstances described within the parameters of the 
study. 

All inquiries should be directed to: 
Lisa K. Lieu 

Revenue Requirements 
Pacific Gas and Electdc Company 
P. O. Box 770000, Mail Code B9A 

San Francisco, CA 94177 



Q 
Q U A N T U M  
CONSULTING 

EVAL UA TION OF PG&E'S 1995 
NONRESIDENTIAL ENERGY EFFICIENCY 
INCENTIVES PROGRAM 
FOR COMMERCIAL SECTOR 
REFRIGERATION TECHNOLOGIES 

PG&E STUDY ID#: 330 

VOLUME h ANAL YSIS APPENDICES 

March 1, 1997 

Submitted to 

Mary O'Drain 
Market Planning and Research 
Pacific Gas & Electric Co. 
123 Mission Street, Room 2365 
San Francisco, CA 94177 

Prepared by 

QUANTUM CONSULTING INC. 
2030 Addison Street 
Berkeley, CA 94704 



APPENDICES TABLE OF CONTENTS 

Appendix 

A 

B 

C 

D 

E 

F 

G 

H 

Sample Design 

Engineering Detailed Computational Methods 

Billing Regression Analysis 

Net-to-Gross Method 

Results Tables 

Summary of Gross Program Impacts by Costing Period 

Final Refrigeration Waiver 

Protocol Tables 6 & 7 

Page 

A-1 

B-1 

C-1 

D-1 

E-1 

F-1 

G-1 

H-1 



Appendix A 
Sample Design 



A. SAMPLE DESIGN 

This appendix presents the sample design for the evaluation of Pacific Gas and Electric Company's 
(PG&E's) 1995 Nonresidential Energy Efficiency Incentive (EEl) Programs, Commercial Sector (the 
Commercial program). An integrated sample design was implemented for the Lighting, HVAC, and 
Refrigeration end uses. First, the sample design approach and resulting sample allocation are 
presented. This appendix then concludes with a discussion of the California Public Utilities 
Commission (CPUC) Evaluation and Measurement Protocols (the Protocols) requirements. 

A.1 EXISTING DATA SOURCES FOR SAMPLE DESIGN 

The participant tracking system for the Retrofit Express (RE), Retrofit Efficiency Options (REO), and 
Customized Incentives Programs is maintained as part of the PG&E Management Decision 
Support System (MDSS). Henceforth, the RE and REO program components are referred to as 
simply Retrofit. The MDSS contains program application, rebate, and technical information 
regarding installed measures, including measure descriptions, quantities, rebate amounts, and ex 
ante demand, energy and therm saving estimates. The MDSS extract used in this evaluation is 
consistent with data used in the PG&E Annual Earning Assessment Proceedings (AEAP) Report. 

For the Retrofit and Customized Incentives programs, participation was tracked at both application 
and measure levels. They are linked by application code and program year. Each application can 
cover multiple measures and accounts, and each measure is linked to a PG&E electrical or gas 
service location where the measures are supposed to be installed. The account location is 
identified by il~, account number, or a unique seven-digit identification number (PG&E's control 
number). Unlike customer' accounts, control numbers are used to identify service locations and 
serve as stable identifiers for linking datasets. 

QC's existing PG&E commercial population files, assembled in support of prior evaluations, cover 
the period from January 1992 to September 1995. The billing series for October 1995 through 
September 1996 were extended only for customers in the analysis dataset. PG&E's billing data 
contain monthly energy-consumption as well as other customer information, such as customer 
name, service location, rate schedule, and Standard Industrial Classification (SIC) code. 

A.2 SAMPLE DESIGN OVERVIEW 

The objectives of the sample design were to 

Determine the optimal sample allocation for first-year gross impact analysis, based upon 
sample size and evaluation accuracy requirements of the Protocols and available project 
resources. 

• Allocate sufficient sample points to meet net-to-gross (NTG) objectives. 

Reallocate available resources, wherever feasible, to focus on measures and/or program 
features deemed most important by PG&E staff for future program design while not 
compromising the overall accuracy of the evaluation. 

The sample design is based upon a nested sample design approach. This approach consists of 
nesting samples of customer data so that the most expensive and detailed primary data can be 
leveraged to the population. The largest customer group includes all of the commercial customers 
with monthly PG&E billing data and participant tracking data who were rebated for eligible 
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lighting, HVAC and refrigeration technologies in 1995 (the "participant population"). The smallest 
group is the metered (TOU Ioggered or end-use metered) participants, who have the most 
comprehensive information available. These participants have lighting logger (for the Lighting end 
use) or end-use metering (for the HVAC end use) data, on-site audit data, telephone survey data, 
participant tracking data, and billing data. 

The advantage of a nested sample design is that the overlapping samples of primary data can be 
used to improve the accu racy of the engineering and statistical analysis for the population, rather 
than just for the customers for which the data are available. For example, logger and metered data 
are used to establish accurate measures of operating hours by key business types that are then 
used to improve the reliability of estimates for all customers in the survey sample. 

A.3 SAMPLE SEGMENTATION 

Evaluation of the Commercial program at the participant segment level allows more precise, and 
insightful, analyses than those undertaken at the aggregate PG&E system level. The program 
segmentation consists of two components: participant segmentation and technology segmentation. 
A key feature of the sample design is that the sampling unit is a unique customer site. Significant 
effort was undertaken to aggregate billing and participation records to this level. 

The first step in the participant segmentation process grouped firms by business type, as defined in 
the MDSS. There are a total of 12 business types and 34 technology groups, as defined below. 
Exhibit A-1 presents the distribution of unique customer sites across the business type and 
technology group segmentation. 

Annual energy consumption values were used to group customers into five usage/size strata based 
upon a Dalenius-Hodges procedure. The comparison group customers are then selected to 
mirror the underlying distribution of the participant target population by size and business type. 
(For the customers in the largest size strata, a census was attempted both for among participants 
and nonparticipants.) 
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Exhibit A- I 
1995 Commercial Segmentation and Distribution of Unique Participant Sites 
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A.4 TECHNOLOGY SEGMENTATION 

Program measures are classified into technology groups through combining technologies with 
similar energy reduction characteristics. This grouping strengthens the analysis by creating 
homogenous analysis segments in terms of electricity use. The three elements of the technology 
segmentation are as follows: 

Technology Groups consist of those measures that comprise, in the case of the Lighting end use, 
those specific measures that are expected to have similar energy saving characteristics. For 
example, all T12 to T8 retrofit measures are grouped together. The projected energy savings 
differences will be accounted for in the engineering estimates, yielding similar per-unit estimates. 

Measure Group, the second level of segmentation, groups measures by the PG&E program 
measure description. 

Measure, the highest level of segmentation presented, is the actual measure offered by the PG&E 
program. 

The technology segmentation presented in Exhibit A-1 shows the highest level of segmentation, at 
the measure level for all end uses in the commercial sector. While the engineering analysis was 
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conducted at the measure level, the statistical billing data analysis was conducted at a much 
coarser level, that is, at the technology-group level or at an even higher level of aggregation. 

A.5 SAMPLE FRAME 

The first step in sample design is to determine the sampling frame. In general, the sampling frame 
includes only those customers who are program participants, or likely targets of the program, 
rather than all customers in the population. It sets the stage for all data collection activities that 
follow, and determines the availability of billing data for the remainder of the analysis. 

In this evaluation, different analyses (e.g., impact analysis, free-rider analysis, and spillover analysis) 
use different sampling frames, which are defined by analyzing what possible actions a customer in 
PG&E's service territory could have taken during the study period. This classification provides the 
basis for the sample design. Without this kind of control, the Statistically Adjusted Engineering 
(SAE) analysis change model cannot be estimated, since nonprogram-induced changes cannot be 
separated from changes between periods attributable to other factors, such as weather and 
economic trends. 

A.6 PARTICIPANT SAMPLE FRAME 

This section details the reduction of the eligible participant population to a sample frame suitable 
for impact analysis. None of the criteria used to screen the sample are believed to have adverse 
impacts on the sample representativeness; therefore, the screening criteria preserve the 
transferability of the impact results to the population. 

The final participant sample flame for the Lighting and HVAC end uses consists of 2,560 
commercial customers drawn from the eligible population of 5,694 program participants paid in 
1995. In addition, there were 322 pretest and 78 multisite participants that were added to the 
2,560 unique sites to form the final fielding sample frame. Criteria considered in the assessment of 
the quality of participant account billing data are as follows: 

Presence of a billing rate schedule for the customer: Customers are required to have a rate 
schedule code for all years spanned by the billing data. 

Quality of usage readings for the customer for the period of January 1993 through September 
1995: Customers are required to have non-missing, non-zero usage values for all months 
spanned by the billing data. Customers are also required to have realistic PG&E revenues for the 
period. Realistic revenues are defined as revenues of at least $0.03 per kWh, but no greater than 
$0.25 per kWh. 

Cohesion of billing data across years: The original billing data was received by year, i.e., the 
billing data for each calendar year was stored on a separate data tape. Data from different billing 
tapes was checked to ensure that the first month on each tape was immediately after the last month 
of the previous year's tape. 

PG&E division representative deletion requests: Lists of customers in the sample frame were sent 
to the appropriate PG&E division representative for approval. Based upon responses from the 
representatives, some customers were deleted from the sample frame. 

Reasonable usage across years and populated telephone numbers: Accounts are screened to 
ensure that the mean usage on the account for 1994 and 1995 is no more than twice (or less than 
half) the mean usage on the account for 1993 and 1994, respectively. Accounts are also screened 
to ensure they have reasonable phone numbers, and any accounts with no telephone number, or 
zeros in place of a number, are rejected from the sample frame. 
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For the Refrigeration end use, the entire participant sample was drawn for the sample frame 
because only 612 participant sites were available. 

A.7 COMPARISON G R O U P  SAMPLE FRAME 

The comparison group sample frame consists of 4,153 commercial customers drawn from the 
eligible popu lation of 801,561 nonparticipants (Lighting and HVAC end uses) in the Commercial 
program. Since comparison group surveys were conducted only for customers in the commercial 
sector, the first step in creation of the sample frame is to limit eligibility to only those accounts 
having SIC codes representing commercial business activities. Note that similar screen criteria 
were used: 

Excessive changes in usage between 1993 and 1994 billing years: Accounts are screened 
to ensure that the mean usage on the account for 1994 and 1995 is no more than twice (or 
less than hal0 the mean usage on the account for 1993 and 1994, respectively. 

Geographic location of customers: Accounts are screened to insure that they fall within 
the geographic regions targeted for comparison group telephone survey and on-site survey 
data collection. 

In drawing the sample frame, targets are established for each business type and usage segment, so 
that the sample frame distribution, by business type and usage segment, is the same as that of the 
surveyed program participant population. The drawing is conducted in this manner to ensure 
sufficient representation of each business type/usage segment combination in the sample frame 
and allow survey data collection in accordance with the sample design. 

For the Refrigeration end use, a supplemental nonparticipant sample frame consisting 836 
customers divided among small grocery (574), supermarkets (154), agricultural .preparation (65), 
and refrigerated warehouses (43) was drawn to supplement the Lighting and HVAC comparison 
group. 

Finally, the canvass survey sample frame of 6,000 is drawn randomly from a frame of 172,354 
customers based upon geographic targets for this survey. 

A.8 SAMPLE ALLOCATION APPROACH 

The sample design complies with the Protocols and meets the program evaluation objectives. In 
this evaluation, the sampling unit is a customer site, which defines a unique service address. 
Applications in the MDSS database can cover more than one control number. 

The final sample sizes for the telephone, on-site, lighting logger, and end-use metering are 
summarized in Exhibit A-2 by end-use element. 
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Exhibit A-2 
Data Collected by Program and End Use 

Program End Use 
Lighting 

Custom HVAC 

Refrigeration 

Lighting 

Retrofit HVAC 

Refrigeration 

Lighting 

Total HVAC 
Refri~geration 

Total Participants (Unique Sites) 
Total Nonparticipants (Unique Sites) 

Telephone 
Surveys 

18 
58 32 

16 

227 600 

On-Site 
Audits 

Commercial 

End-Use 
Metering 

Time-of-Use 
crou) 

Loggers Combination 

112 

0 

0 

0~ 1 I 
5 108 

i 

0 2 

20 108 

20 108 

434 107 20 13 31 
i 

235 16 0 1 1 

614 228 5 108 112 

487 137 20 13 31 

241 

1,217 

808 

18 

380 

361 
416 Total (Unique Sites) 2,025 

2 

126 

126 

Telephone Survey Sample - For each segment, the retrofit program sample design allocated the 
sample in proportion to the program-avoided cost by segment. This sample design concentrates 
sample points to segments that represent highest impact, in order to obtain the best estimate of 
impact for the largest portion of the population. In addition, a census was attempted for the largest 
customers. This sample allocation, combined with the random sampling techniques within each 
segment, produces a stratified random telephone survey sample representing the program- 
participant population (paid in 1995). A nonparticipant sample is developed based upon on the 
business type and usage strata distribution resulting from the participant sample allocation. 

Telephone surveys were collected for a total of 2,025 customers, 1,21 7 of which are participants, 
and the remaining 808 are in the comparison group (451 as the original lighting and HVAC 
comparison group, 201 as the supplemental refrigeration comparison group, and 156 outside tee 
program retrofitters found through the canvass survey). 

On-site Audit Sample - Similar to the telephone survey sample, this sample was also structured to 
be approximately proportional to the program segment-level avoided cost estimates. A total of 41 6 
on-site surveys were conducted for the commercial sector, with 380 participants and 36 
comparison group customers. 

Lighting Logger and End-Use Metering - This sample is not intended to be a random sample, nor 
strictly proportional to the program-avoided cost. The sample allocations were manipulated in 
order to assure adequate sample sizes for calibration of engineering models. A total of 108 and 20 
participant sites were Ioggered or end-use metered. 

A.9 RELATIVE PRECISION 

Given a sample design, the relative precision, based upon 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. Precision for the telephone sample is 
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calculated using the following procedure. First, the 1994 annual energy consumption is 
computed for all participants in the analysis dataset. 

Next, five strata are constructed based on customers' annual usage using the Delanius-Hodges 
procedure. Exhibit A-3 presents the stratum-level sample size, sample weight, sample mean, and 
estimated standard errors for each end-use element. Note that since a census was attempted for 
the largest customers, participants with consumption greater than 10,000,000 kWh were excluded 
from this step. Overall, there were 73 participants in the population with usage at or above this 
level; 37 were successfully surveyed and included in the analysis dataset. (If these 37 were 
included in the variance calculation--using the surveyed sample---the oversampling of large 
customers would explode the variance far beyond that of the true variance in the population.) 

Then, the program level mean and standard error are calculated using classic stratified sample 
techniques. 1 Finally, the relative precision at 90 percent confidence level is calculated as a two- 
tailed test. 

By end-use element, the following relative precisions were achieved: 

For indoor lighting, the relative precision is 4.7 percent based upon a survey sample of 
592. For the largest customers, 22 surveys were completed out of a participant population 
of 49. 

• For HVAC, the relative precision is 6.0 percent based upon a survey sample of 473. For 
the largest customers, 14 surveys were completed out of a participant population of 21. 

• For refrigeration, the relative precision is 4.6 percent based upon a survey sample of 240. 
For the largest customers, 1 survey was completed out of a participant population of 3. 

1 Cochran, W.G., Sampling Techniques, Third Edition, John Wiley & Sons, 1977. pp 91-95. 
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Exhibit A-3 
Telephone Sample 

Relative Precision Levels 

LIGHTING 
Standard 

Weight n mean 
_ 5 2 . 8 % .  2_9_5 60,757 

24.5% !~3-. ...... 21 8,522 
I. I .5% 99 . . . . . . .  5__75,245 - 20,! 

Relative 
Error Prec. 

4 ,746  . . . . .  12 .8% 
6,452 . . . . . . . . . .  4_.9°/o 

.564 _ 5_.9% 
6_.9% 78 1,586~348 38,156 6.9% 
4.3% 57 4,-9,18L699 . . . .  287,21.2 _. _ 9.6% 

100.0% 
TOTAL 5 9 2 _  471,990 . . . . .  1 3 , 4 6 0  4 .7% 
Usage > I~0 000,000..kWh in 199_4_ _~. 49 . . . .  
Surveyed . . . . . . .  22 .... 
TOTAL Surveyed = 614 

Weight 
59.1% 
22.7% 

3.9% 
12.3% 

2.0% 
100.0% 

TOTAL 

REFRIGERATION 
Standard Relative 

n mean Error Prec. 
168 45 ,8 !4  2,759 9.90/0 

41 . . . . .  2-.2Z~111 13,9_80. 1 0.1% 
13 631,16 4 . . . . .  50,90_8 13.3% 
12 1,533~060 55,581 6.0% 

6 4,068,98_6 _ 339 ,006  _ 13.7% 

240 372~375 10,4.01 4.6% 
Usage > 10,000,000 kWh in 1994 3 
Suryeyed 1 
TOTAL Surveyed = 24i 

HVAC 
Standard Relative 

Weight n mean Error Prec. 
_ 53.9% 231 51,141 3,357 10.8% 

19.5% 96 211L135 8,4_74 6.6% 
10.7% 58 610~891 . 28,876 7._8% 
10.1% 51 1,654~38-8 79~836 7.9% 
__5.7% 37 4,660,03_5 . . . .  327,280 11.6% 

100.0% 
TOTAL _ 4 7 3  566,376 20,647 
Usage > lO,000t000 kWh in 1994 ~ 21 
Suryey.e d . . . . .  1 4 
TOTAL Surveyed = 487 

6.0% 

It fo l lows that the 808 surveys that comprise the compar ison group sample yield a relative 
precis ion of at least that obtained by the cor respond ing part ic ipant samples. Since the expected 
precis ion is based upon the annual  energy usage, this does not imply  that these levels of prec is ion 
can be obtained for the impact analysis. 
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A. 10 DEMONSTRATION OF PROTOCOL COMPLIANCE 

A. 10.1 Sampling Procedures Adopted 

The sample design follows the rules established by the CPUC in the January 1995 revisions to the 
"Protocols and Procedures for the Verification of Costs, Benefits and Shareholder Earning from 
Demand Side Management Programs." Recent revisions to the Protocols--a draft dated 6/27/95-- 
were incorporated wherever appropriate. The purpose of this section of the report is to identify 
compliance with these Protocols, with respect to the 1995 Commercial Sector Program Evaluation 
activities. 

A. 10.2 Sample Definitions 

The following definitions are provided to introduce the primary segments targeted--both a 
participant sample and a comparison group--to ensure experiment control: 

Participants -According to Table 5, part C, paragraph 1 of the Protocols, participants are defined 
as "those who received utility financial assistance to install a measure or group of measures during 
the program year." 

Comparison Group -A control group is defined as a group of customers that represents what 
would have happened in the absence of the program. According to Table 5, part D, paragraphs 3 
& 4, the comparison groups include both "customers who installed applicable measures" and 
"customers who did not install applicable measures," with no preference for either group (i.e., 
random or stratified random sample). This sample is therefore representative of the population, 
excluding only program participants during the evaluation year. 

A. 10.3 Overall Sampling Procedures 

The commercial customer samples are driven by a primary data collection activity; in this case, the 
telephone surveys serve as the primary site-specific data collection elements that contribute to the 
analysis dataset. The commercial telephone sample was drawn to achieve a stratified random 
sample and optimally distribute the allocated sample points. 

A. 10.4 Detailed Protocol Sample Requirement 

The commercial participant and comparison group samples are designed to meet the Protocol 
requirements in terms of analysis dataset sample size, precision of the results, availability of pre- 
and post-billing data contributing to the analysis dataset, and in ensuring cost-effective use of 
measured data. 

Analysis Dataset Sample for Commercial Participants: The Protocols require that a program with 
more than 450 participants has a randomly drawn sample sufficiently large to achieve minimum 
energy use precision of _+10 percent at the 90 percent confidence level, and at least 450 
contributing points in the analysis dataset. (This was the requirement at the time of the sample 
design; this requirement was relaxed to 350 subsequent to the completion of the data collection 
activities conducted for this evaluation.) 

Data collection protocols are met regarding minimum analysis dataset size, if primary site-specific 
data are collected on-site, as per Table 5, part C, paragraph 4 of the Protocols. Data collection 
efforts are further strengthened during on-site activities through the installation of lighting loggers. 
These devices record specific fixture operating profiles during the monitoring period, and serve to 
calibrate self-reported lighting operating schedules. Data collected in this way follows the 
participant protocol recommendations set forth in Table C-4, paragraph 1 of the Protocols. 
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As discussed earlier, the sample collected for the commercial section, all end uses achieve a 
relative precision of at least 6 percent at a 90 percent confidence level, well below the 10 percent 
required by the Protocols, Table 5, part C, paragraph 4. Each participant chosen for the telephone 
sample is required to have at least nine months of post-installation billing data, and 12 months of 
pre-installation data, as per the Protocols, Table 5, part D, paragraphs 2 and 1, respectively. 

Analysis Dataset Sample for Commercial Comparison Group - The Protocols require that the 
comparison group sample "be drawn using the same criteria for participants," as per Table 5, part 
C paragraph 6. 

The analysis dataset meets the sample size requirement in Table 5, part C, paragraph 3. The 
calculated relative precision meets the precision requirement in Table 5, part C, paragraph 4. The 
commercial comparison group telephone sample is drawn based upon the similar distribution of 
participant sample, in terms of their business types and annual usage. 

To ensure compliance with comparison group protocols, the telephone survey sample frame is 
drawn to meet the billing data requirements of Table 5, part D, paragraphs 3 and 4 of the 
Protocols. All customers in the analysis dataset have billing data from January 1991 to September 
1996, which ensures an adequate pre- and post-installation billing periods for customers who 
installed applicable measures between 1993 and 1995. 
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B. ENGINEERING DETAILED COMPUTATIONAL METHODS 

The technical approach and engineering results that support realized gross impacts in the 
evaluation of Pacific Gas and Electric Company's (PG&E's) 1995 Commercial Refrigeration 
Program are presented in this appendix. The purpose of a presentation of the engineering 
computations is to provide detailed intermediate results that either verify or contradict the methods 
used to generate program design demand and energy impact estimates. Results are presented to 
ensure that future program design and evaluation activities will benefit from the engineering 
parameters generated during the 1995 program evaluation effort. 

B. 1 APPENDIX B STRUCTURE 

The appendix is structured as follows: 

First, an overview of the evaluation approach is presented. 

Then, the methods used and the engineering estimates developed for refrigeration measures 
covered by the Retrofit Express (RE) Program are discussed. 

Next, the methods used and the engineering estimates developed for the Customized Incentives 
Program are summarized. 

The final two sections of the appendix contain detailed calculations, assumptions, and analyses 
used in the development of engineering estimates for the RE and the Customized Incentives 
programs. 

B.2 OVERVIEW OF THE EVALUATION APPROACH 

The Commercial Refrigeration Evaluation consisted of the analysis of two separate PG&E 
programs, RE and Customized Incentives. The level of analysis for each program was tailored to 
its relative importance in generating program impacts. 

For each of the RE measures which had paid incentives in 1995, a detailed review was performed 
of the algorithms and assumptions used to develop ex ante impacts. 

Customized Incentive participants accounted for 82 percent and 73 percent of the gross ex ante 
energy and demand savings calculated for this program, respectively (see Exhibit B-l). For this 
reason, a detailed review of each application submitted by a Customized Incentives participants 
was performed. Thirty-nine of the 53 applications submitted for the Customized Incentives 
Program are from a single supermarket chain, with seven additional applications from other 
supermarkets that had retrofit work completed. The remaining seven applications are from various 
sites, including refrigerated warehouses, shipping facilities, and crop cold storage facilities. 
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Exhibit B- 1 
Distribution of Commercial Refrigeration Impacts by Program 

Percentage of Total 
Gross Ex Ante Impacts 

PG&E Refrigeration Program Demand Energy 

Retrofit Express 2 7% 1 8% 

Customized Incentives 73% 82% 

B.3 EVALUATION APPROACH, RETROFIT EXPRESS 

The engineering algorithms used by PG&E to develop ex ante impacts for RE measures were 
reviewed thoroughly (algorithms were taken from the 1995 Advice Filing1). The aim of the 
evaluation was to either confirm or correct the methods and inputs used in the ex ante estimates. 
For each measure, the following analysis steps were performed: 

First, ex ante impacts were re-calculated using methods and inputs listed in the Advice Filing. 

Then, evaluation impacts were developed using revised methods and inputs when applicable. 
When possible, inputs and methods were verified using either sources referenced in the Advice 
Filing or alternate sources, including the following references: 

ASHRAE Handbooks, American Society of Heating, Refrigerating and Air-Conditioning 
Engineers, Inc. Atlanta, GA 

Refrigeration Systems and Applications, 1 994 

Fundamentals, 1 989 

HVAC Systems and Applications, 1 992 

EPRI Report TR-100984, Vl ,  "Engineering Methods for Estimating the Impacts of Demand- 
Side Management Programs" Volume 1; Fundamentals of Engineering Simulations for 
Residential and Commercial End Uses; Electric Power Research Institute, Palo Alto, CA 

• Foster Miller, 1989 "Supermarket Refrigeration Modeling and Field Demonstration" EPRI 
Report CU-6268, Waltham, MA, 1989 

• Shepherd, Michael, Amory Lovins, et al. 1990 "The State of the Art: Appliances" 
Competitek, Rocky Mountain Institute, Snowmass, CO 

• Usibelli, A. et al. Commercial Sector Conservation Technologies Lawrence Berkeley 
Laboratory, LBL 1 8543, Berkeley CA, 1985 

Section B.5 contains detailed information regarding the development of impacts for each RE 
measure. Exhibit B-2 provides a summary of the per-unit impacts developed for each RE measure. 

1 PG&E 1995 Customer Energy Efficiency Programs Advice Letter No. 1867-G/1481-E, filed October 1994. 
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Exhibit B-2 
Summary of Per-Unit Impacts for Retrofit Express Measures 

Evaluation Impacts 
PG&E Measure Code Description Unit of Impact Advice Filing Recalculated Advice Final im ,acts Used 

Measure Impacts Filing Impacts Evaluation Impacts to Devele ~ Eslimales 
Code kWh/yr kW kWhlyr kW kWh/~r kW kWh/w kW 

R1 A (1995), Night Cover for Display Case Linear Feet 136.6 0 136.6 O 136.6 0 

R2 B (1995). Strip Curtains for Walk-in Square Feet 37 0.0035 37 0.0035 386 0.0441 386 0.0441 

C (1995). Glass or Acrylic Doors (Low R3 Temperature Case) Linear Feet 894 0.0846 894 0.0848 1473 0,168 1473 0,168 

D (1995), New Refrigeration Case with 
R4 Doors (Low-Temperature Case) Linear Feet 894 0.0846 894 0.0848 1473 O. 168 1473 O. 168 

R5 E (1995). New Refrigeration Case with Linear Feet 345 0.0326 347 0.0328 403 0.0460 403 0,046 
Doors (Medium-Temoerature Case I 

R6 F (1995). Low Heat/No Heat Linear Feet  312.8 0.0146 312.9 0,0146 181 0.0206 181 0,0206 
Refrigeration Case Door 

R7 G (1995). Humidistat Control Linear Feet  280.5 0.0184 280.55 0.0184 389 0.0449 389 0,0449 

R10 H (1995). Case Lighting Electronic Ballast Lamp(s) 87.5 0.0072 87.5 0.0072 102 0.0125 102 0.0125 

Rl l  I (1995). Insulate Bare Suction Line Linear Feel 16.02 0 16.67 0 16,31 0.00186 16.31 0.00186 

R12 J (1995). Multiplex Compressor System Tons 1516.1 0.3754 1516 0.375 1404 0.16 1404 0,16 

R20 K (1995). Electronic Adjustable Speed hp 462.5 0 462.5 0 514 0.0587 514 0.0587 
Compressor 

R14 M (1995). Mechanical Subcooler THR* 589,7 0.3288 589.7 0,3288 589.7 0.3288 

R19 N (1995). Floating Head Pressure Tons 548.22 0 548.22 0 548.22 0 
Controller 

R50 O (1995). Cooler or Freezer Door Gasket Gasket(s) 1035 0.097 1032 0.097 2091 0.239 2091 0,239 

P (1995). Auto-Closer for Cooler or R51 Freezer Closer(s) 2304 0.65 2304 0.65 3535 0.57 3535 0.57 

Q (1995). Cooler or Freezer with Non- Refrigeration 1681 0.102 1681 0,102 0.188 1681 0,188 
R52 Electric Condensate Evaporator Unit(s) 

R15 1994. High Capacity Oversized THR*-~F 71.38 0.0078 71.38 0.0078 0.0081 71,38 0.o081 
r ' n n  t ' l ~ n  ~ r A i r - C r ~ " d ~ r ' l  

1994. High Capacity Oversized 
R18 Condenser, Evaporative-Cooled THR* 28.19 0,0051 28.19 0.0051 28.23 0.0032 28.23 0.0032 

IAmmonial 
1993. Energy E@cienct Evaporator Motor, i Linear Feet 121.22 0.00475 121.22 0.00475 0.0138 121.22 0.0138 R8 Display 

1993. Energy Efficienct Evaporator Motor, 
I 

[ hp 8355 0.368 8355 0.368 0.954 8355 0.954 R9 Walk-in 

B.4 EVALUATION APPROACH, CUSTOMIZED INCENTIVES 

Each application flied for the Customized Incentives Program was thoroughly reviewed. The 
analysis methods used for each review varied from application to application, depending on the 
measures covered, additional data gathered, and the application calculations submitted. 
However, the following analyses were performed for each application: 

Application Review - T h e  methods and inputs used to derive impacts for each application were 
reviewed. 

Billing Data Review - Impacts claimed by applicants were compared with billing data to verify 
that the impacts were reasonable. For example, impacts greater than 30 percent of the total energy 
usage of the premise were noted as "suspect." 

On-Site Audit - Whenever possible, an on-site audit was performed in order to verify installed 
measures and to gather detailed engineering data. A single grocery chain that represented 39 of 
the 53 Customized Incentives applications refused to participate in these on-site investigations. 
According to ex post evaluation results, this customer accounted for 61 percent of gross energy 
impacts within the refrigeration end-use and 30 percent of demand. Of the remaining 14 
participants, 13 on-site audits were completed. 
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In addition to the analysis methods described above, some or all of the following were performed 
for selected applications: 

Monitoring Records-- On-site monitoring records were often collected and reviewed. Examples 
of these records include measured fan loads, condensate temperatures, and energy management 
system (EMS) downloads. 

Billing Comparisons - Pre- and post-retrofit billing data were analyzed to substantiate claimed 
energy or demand savings. 

Estimate Revisions - If necessary, impact estimates that were derived in each application were 
revised using updated assumptions and/or methods. 

Section B.6 contains detailed information regarding the development of impacts for each 
Customized Incentives participant. Exhibit B-3 provides a summary of the premise-specific 
impacts developed for the Customized Incentives Program. 

Exhibit B-3 
Summary of Per-Site Impacts for Customized Incentives Participants 

Site ID 
3110 
3103 
2862 
2909 
396 
390 

5499 
3970 
4519 
2888 
657 

3946 
4521 
2396 

Larl~e Supermarket Chaint 
Total 

Realization Rate 

Gross Energy Impacts Gross Demand Impacts 
Ex Post Ex Post 

Ex Ante 
Impacts IkWh) 

75,781 
264,878 
903,671 
213,119 
244 994 
1 88 633 
213 981 
1 07 048 
527 473 
369 200 
900 322 
484 156 
165 042 
85 673 

13~830r203 
18t5741174 

Unadjusted Ex Ante Unadjusted 
Impacts ~kWh) Impacts (kW) Impacts (kW) 

82,660 0.00 8.65 
264,878 0.00 8.65 
903,671 268.00 186.00 
175,202 9.20 79.94 
244,994 24.70 24.70 
t 88,633 0.94 0.94 
213,981 10.20 10.20 
147,887 0.00 0.00 
527,473 61.00 61.00 

0 101.00 0.00 
0 24.00 0.00 

484,1 56 0.00 0.00 
165,042 0.00 0.00 
85,673 0.00 0.00 

14r683t233 605.80 505.98 
18tl 67r483 11 04.84 886.06 

98% 80% 

t One supermarket chain contributed of 39 distinct applications that were paid in 1995. 

For details surrounding the large supermarket chain impacts, refer to Section B.4.1 and supporting 
calculations in B.6.1 and B.6.2. For other Site ID records, refer to Sections B.4.2 and B.6.3. 
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B.4.1 Customized Incentives Program-- Supermarket Refrigeration 
Thirty-nine Customized Incentives applications were submitted for refrigeration retrofit measures 
installed within one large supermarket chain. The total savings claimed for this chain made up 40 
percent of the gross demand 2 and 61 percent of the gross energy savings claimed under the 
refrigeration end use. 

Application review has shown that HVAC and lighting retrofits were also performed at these sites 
and were often submitted as part of a refrigeration measure in the MDSS. 

• All such lighting savings were recorded in the MDSS under a refrigeration classification. 

• Eight of the applications had HVAC records in the MDSS for Variable Speed Drive (VSD) 
installations, while 30 applications claimed these savings under a refrigeration end-use 
classification. One site did not install a VSD. 

All claimed Customized Incentives refrigeration retrofits are evaluated in this section of the 
appendix. 

Each application contained spreadsheet models that simulate the primary end uses at each site. 
Applications were reviewed in detail, and impact results (by measure and refrigeration component 
affected) and related engineering parameters were entered into a database. This database contains 
information for the following store systems: 

• HVAC systems including fans, compressors, and condensers 

• Lighting systems including outdoor, overhead, and refrigerated case lights 

• Refrigeration end-uses including refrigerated cases and anti-sweat devices 

• Refrigeration compressors and condensers 

The development of this database provided a means for assessing the accuracy of each application 
record. Impacts were calculated, where possible, using models already developed for the HVAC 
and lighting retrofits. Revised impact estimates are presented for each of the following 
components: 

• VSD Impacts 

• Lighting Impacts 

• Refrigeration Impacts 

The following were assessed: 

MDSS records accuracymwhether or not application records were appropriately transferred to 
the MDSS. 

Application results accuracymresults summarized within the application were checked against 
aggregate intermediate results for both the appropriate end-use classification and the accuracy of 
the application-level record keeping. 

Exhibit B-4 illustrates the result of this accuracy check. Clearly, the MDSS records mis-appropriate 
other end-use impacts within the refrigeration records for this grocery chain. Also, detailed 
intermediate results were often aggregated incorrectly, especially by end-use category. 

2 Summer On-Peak demand impacts are defined for weekdays during the hour 3:00 PM - 4:00 PM, May 1 - 
October 31. 
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Exhibit B- 4 
MDSS, Attachment 7, and Detailed Application Savings 

Energy Demand 

MDSS MDSS 
12% 

KEY 

[ ]  Refrigeration 
Condenser 
Recircuit 

[ ]  Refrigeration 
EMS 

55°A 

A T T A C H M E N T  7 

1% 

KEY 

• HVAC VSD 

[ ]  Refrigeration 
Condenser 
Recircuit 

[ ]  Refrigeration 
EMS 

[ ]  Refrigeration 
Heat 
Reclaim 

ATTACHMENT 7 

4% 4% 

43% 

DETAILED 

1% 

KEY 

• HVAC VSD 

[ ]  Refrigeration 
Condenser 
Recircuit 

[ ]  Refrigeration 
EMS 

[ ]  Lighting 

[ ]  Refrigeration 
Heat 
Reclaim 

49% 

DETAILED 

4% 4% 

43% 
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Additionally, other numeric errors were detected within the application records. Analyses were 
conducted to evaluate the accuracy of the detailed calculation methodologies applied and the 
impacts derived. Those analyses follow in the remainder of this section. 

Exhibit B-5 identifies the sites where extra demand impacts were claimed. In these instances, 
demand impacts claimed for a particular measure are not documented in the detailed calculations. 
In several cases these demand impacts were claimed in Attachment 7 of the PG&E application and 
then input into the MDSS. In some instances demand impacts were not claimed directly, but 
careful inspection of the forms revealed that demand impacts summarized for VSDs were rolled 
over to either the condenser recircuit or EMS measure. Calculations detailing these errors can be 
found in Section B.6. I .  

Exhibit B-5 
Extra Demand Savings Claimed in Attachment 7 

Demand Impacts Claimed for VSD 
Extra Demand 

Site ID Check Number Impacts (kW) 
3367 62761 2 
3388 62526 2 
3407 61756 12 
5687 63889 5 

Extra Demand Impacts Claimed 
3357 63778 3 
3366 61063 6 
3381 60593 7 
3402 61060 8 
3413 60724 5 
3414 63776 5 
3415 61066 9 

Although the ex post impact methodology for many of the Customized Incentives applications 
made use of the impact calculation found in each application, the errors detected within this large 
supermarket chain required that the majority of the evaluation be based upon entirely revised 
methods. The evaluation approach is presented next -- first VSD methods are provided, then 
indoor lighting measures, followed by refrigeration measures (including one heat reclaim 
measure). 

Variable Speed Drive Measure 

VSDs were installed at all but one of the 39 grocery sites. The retrofit was performed to reduce 
constant volume supply fan loads. These fans were modeled in each application, assuming a 
continuous load. 

Savings calculated in the applications demonstrated an overall annual kWh reduction of over 80 
percent. Based on analysis of VSD savings for the RE program, these application savings estimates 
were higher than expected. In contrast, evaluation estimates using DOE-2 models have shown 
savings over baseline that are closer in magnitude to 50 percent. 

Exhibit B-6 illustrates the site-by-site kWh savings claimed for VSD retrofits. Six sites are excluded 
from this table because either detailed calculations or actual applications were unavailable. 
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The methods used to assess these VSD supply air fan savings are consistent with the approach 
presented in the 1995 HVAC end-use evaluation (Study id # 326). 

Exhibit B-6 
Ex Ante and Ex Post VSD Energy Savings 

Site ID 
3357 

Application 
Check Number 

63626 

Supply Fan 
Horsepower 

25 
3361 61063 25 
3364 60590 30 
3366 62985 20 
3367 
3368 

62761 20 
63776 20 
60724 3372 25 

3373 61060 20 
3374 61067 30 
3381 61070 25 
3388 62526 20 
3389 63624 20 
3391 62986 15 
3394 63625 20 
3400 63775 30 
3401 61061 25 
3402 61069 25 
3403 63621 30 
3405 61066 30 
3409 61058 25 
3411 61068 20 
3413 60960 20 

63619 

3414 62390 25 
3415 62391 25 
3416 

63889 
60593 
63217 
61065 

5687 
3407 
3359 
3371 
3386 61 057 

25 
25 
30 

Missing 
Missing 
Missing 

Baseline Fan 
kWh per year 

150r754 
150~516 
181,008 
120~ 672 
120r603 
123r283 
150r840 
90t504 

123e283 
150r840 
120,603 
120,413 
90r310 

120r672 
180e905 
150r840 
150r840 
180r905 
1 81 r008 
150r5t6 
120r603 
120r672 
150r840 
150t840 
150~840 
150~754 

Missing 
Missing 
Missing 
Missing 

Ex Ante 
Savings kWh 

125~022 
118r459 
143~917 

97~467 
93r908 

103~208 
115r799 

72r969 
101r799 
129r919 
102r767 

90,698 
66r797 
91~915 

152~227 
114r384 
119t242 

991023 
1471871 
117~940 

9%023 
931739 

115r078 
119t782 
123~047 
1271327 

Missing 
Missing 
Missing 
Missing 

Percent 
Savings 

(Ex Ante) 
83% 
79% 
8O% 
81% 
78% 
84% 
77% 
81% 
83% 
86% 
85% 
75% 
74% 
76% 
84% 
76% 
79% 
55% 
82% 
78% 
82% 
78% 
76% 
79% 
82% 
84% 
N/A 
N/A 
N/A 
N/A 

Ex-Post 
Savings 
(kWh) 
79~307 
74~875 
89t850 
59r900 
63t446 
63r446 
741875 
59t900 
95 r 168 
78r606 
63,446 
59,900 
44 925 
63.446 
95.168 
79 307 
74.875 
95.168 
89.850 
74.875 
65 844 
59.900 
79.307 
74 875 
74.875 
79 307 

98767 
74,563 
74,563 
74,563 

Percent 
Savings 

(Ex Post) 
53% 
50% 
50% 
50% 
53% 
51% 
50% 
66% 
77% 
52% 
53% 
50% 
50% 
53% 
53% 
53% 
5O% 
53% 
5O% 
5O% 
55% 
50% 
53% 
5O% 
5O% 
53% 
N/A 
N/A 
N/A 
N/A 

Evaluation VSD demand impacts were set to zero (several ex ante VSD application records 
claimed demand impacts) and energy savings were computed as follows: 

VSD Model - VSD modeling methods used to evaluate VSD impacts recorded under the HVAC 
end use (See Study 326) were used to calculate impacts. This method used DOE-2 models to 
simulate hourly per-horsepower savings by climate zone. 

VSD Schedule -- Savings for all of these sites were based on a 24 hour per day supply fan 
operating schedule, according to application-based assumptions. 

Mean Results - Where fan horsepower was not available, savings for the site were set equal to the 
mean savings for all other stores. 
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Indoor Lighting Measure 

The lighting savings are due to energy management system control of overhead lights (to shut off a 
portion of the lights for several hours during the night). Over half of the floor lights are shut down 
for approximately 6 hours per night. Outdoor lighting and office lighting were rarely affected. 

Average energy savings amounted to 15.8 percent of the annual lighting use (based on application 
records), and no demand savings were claimed. These figures are acceptable, assuming that 92 
percent of the lighting connected load is floor lighting, and 66 percent of these lights are shut off 
for 6 hours per day. (See Exhibit B-7). Because telephone surveys and on-site audits were 
rejected by this particular customer, these assumptions could not be directly verified. 

Application estimates were adopted from each application for this particular measure. 

Exhibit B-7 
Indoor Lighting Impacts 

Aoolication 

Lighting Connected Load 1,807 kW 

Pre-Retrofit Lighting 15,202,161 kWh 
Post-Retrofit Lighting 12,797,683 kWh 

Annual Savings 2,404,478 kWh 

Evaluation 

Lighting Connected Load 

Percent Controlled 

Lighting Connected Load Controlled 
Hours off/year ( 6 hours per day x 365 days) 

Annual Savings 

1,807 kW 

61% 

1,098 kW 
2190 

2,404,485 kWh 

Refrigeration Measures 

There were three modifications to the refrigeration systems that were analyzed for demand and 
energy impacts. These measures impacted energy consumption as follows: 

Recircuit Condenser -- The Recircuit Condenser measure improves compressor efficiency (due to 
floating head pressure controls), and therefore reduces condenser loads. 

EMS - The EMS control of lights and anti-sweat door heaters results in reduced lighting load due 
to reduced operating hours, reduced anti-sweat load due to reduced operating hours, and 
reduced refrigerated case load as a result of lower gains from lights and door heaters. 

Heat Reclaim - The Heat Reclaim measure uses refrigerator waste heat to heat water, thereby 
eliminating the water heating load entirely (electric heating element is removed). 

Recircuit Condensers 

This retrofit was performed on refrigerated cases and on the air conditioning systems. 

Within the original savings calculations, bin models were used to estimate the refrigerator and air 
conditioner energy consumption both pre- and post-retrofit. The models incorporated changes in 
the condensing temperature and corresponding efficiency improvements to the compressors. 
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The methodology used in each application to calculate the reduction in refrigeration energy usage 
was determined to be reasonable. There were, however, several inconsistencies identified 
including erroneous changes in load from the pre- to post-retrofit condition. In several cases 
application records applied savings calculated for VSDs within the Condenser Recircuit measure. 

Savings for this measure were calculated as follows: 

First, a random sample of 10 sites (26 percent of the applications submitted) were analyzed in 
detail. A bin model spreadsheet (used in each application) was recreated using pre-retrofit 
refrigeration and air conditioning loads from the applications. Bin hours, condensing 
temperatures and efficiencies were also taken from the applications. See Section B.6.2 for the bin 
model calculations. 

Then, a ratio of savings to maximum refrigeration plant load (total Btuh capacity for air 
conditioning and refrigerated cases) was created for peak demand and annual kWh impacts. 
Exhibit B-8 illustrates the results of this assessment. 

Exhibit B-8 
Bin Model Results 

Maximum 
Check Refrigeration Plant Ex-Post Demand 

Site ID Number Load (Btuh) Impacts (kW) 
3402 61060 1,114f540 -2,11 
3372 61061 1t226t259 9.23 
3361 61067 894;449 1.80 
3409 61068 1 t467t973 5.39 
3391 61069 1t218t793 7.32 
3373 61070 1,023,750 1.48 
3364 62985 1 r176t645 0.04 
3401 63621 1,209t900 8.38 
3368 63624 845,679 2.13 
3374 63625 893,034 5.01 

Ex-Post Energy 
Impacts (kWh) 

57r576 
134,621 
66,399 

182,491 
112,366 
33,106 
30r865 
59,058 

145,754 
142,215 

Average Ratio 

Demand Impact Ratio 
(Demand Impact / 

Refrigeration Load) x 
1,000,000 

Energy Impact Ratio 

-1.954 
7.527 0.110 
2.015 0.074 

Energy Impact / 
Refri~eration Load 

0.052 

3.675 0.124 
6.004 0.092 
1.445 0.032 
lP~] 

2.523 
5.609 
3.380 

~IIIN 

0.049 
0.172 
0.159 
0.089 

Lastly, maximum refrigeration plant load for all remaining sites, and the average savings ratio 
shown in Exhibit B-8, were used to leverage savings on a site-by-site basis. Where plant load from 
the applications was unavailable a mean savings was applied. Exhibit B-9 illustrates the savings 
determined for all sites. 

Quantum Consulting Inc. B- I0 Engineering Detailed Computational Methods 



Exhibit B-9 
Refrigerated Case Load to Demand and Energy Impacts 

SitelD 
3357 63778 
3359 63217 

Check 
Number 

3361 61 067 
3363 6361 9 
3364 62985 
3366 61063 
3367 63889 
3368 63624 
3371 
3 3 7 2  
3373 
3374 
3378 

61065 
61061 
61070 
63625 
62526 

3379 61064 
3381 60593 
3384 63218 
3386 
3388 
3389 
3391 

61057 
63627 
60590 
61069 

3394 63775 
3395 62761 
3399 63216 
3400 62391 
3401 63621 
3402 61060 
3403 62390 
3404 62759 
3405 61058 
3407 61756 
3408 
3409 

62987 
61068 

3411 60960 
3412 62986 
3413 60724 
3414 63776 
3415 61066 
3416 62098 
5687 63626 

Maximum 
Refrigeration Plant 

Load (Btuh) 
9221192 
6311950 

113001000 
113971935 
115001000 
116981920 

7851807 
215521000 

Missing 
1 i91 71000 
1 i1501000 
215521000 

8131000 
1 I6161460 
118951360 
110591449 

Missing 
8191100 
8431810 

2r425tO00 
1t001r162 

890t570 
lr0861600 
lr0191261 
1 ~7641000 
lr9841500 
1r099t662 
11658t140 
lt6981920 
lt4131333 

Missing 
2r425r000 
11335r331 
110321700 
117741031 
lt239t950 
11221t500 
11916t150 
1r461r448 

Ex-Post Demand 
Impacts (kW) 

3.12 
2.14 
1.80 
4.73 
0.04 
5.74 
2.66 
2.13 
3.97 
9.23 
1.48 
5.01 
2.75 
5.46 
6.41 
3.58 
3.97 
2.77 
2.85 
7.32 
3 . 3 8  
3.01 
3.67 
3.45 
8.38 

-2.18 
3.72 
5.60 
5.74 
4.78 
3.97 
5.39 
4.51 
3.49 
6 00! 
4.191 
4 .13  = 
6 .48  
4.94 

Ex-Post Energy 
Impacts (kWh) 

82rl 83 
56.317 
66 399 

124 579 
30 865 

151 402 
70 028 

145 754 
80 039 

134 621 
33r106 

142r215 
72r452 

144e053 
168r908 
941415 
80r039 
72 995 
75 198 

112 366 
89 220 
79 365 
96 834 
90 833 
59 058 
57 576 
97 998 

147 768 
151 402 
125 951 
80 039 

182 491 
119 000 

921031 
158t096 
110r500 
108r856 
170r761 
130~239 

EMS Control of Refrigerated Case Lights and Anti-Sweat Door Heaters 

The Energy Management Systems cycle the anti-sweat heaters and shut off the lighting in the 
refrigerated case displays during selected periods. This had the effect of directly reducing the 
energy consumption of the controlled technology, and secondarily reducing the refrigerated case 
cooling load. Each of these comt~onents were calculated in detail. 
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Case Lights -- Refrigeration case lights were cycled off for 6 to 8 hours per night. This results in an 
energy savings, although no demand savings can be claimed since all the impacts occur during 
near-peak or off-peak periods. The connected load for refrigerator case lighting was estimated 
using applications records for each site. Savings were calculated assuming 7 hours per night 
reduction in run time. Applications for 3 sites were not available, and therefore these sites were 
assigned the mean impact from all other stores. 

Anti-sweat loads - Anti-sweat heaters are cycled off 50 percent of the time, where anti-sweat 
heater connected loads are based upon application records for each site. Energy savings were 
calculated using 12 hours of full load operation per day reduction (i.e., demand savings were 
determined based on continuous operation at 50 percent of the total connected load). 
Applications for 3 sites were not available, and therefore these sites were assigned the mean 
impact from all other stores. 

Exhibit B-10 illustrates savings calculated for the EMS control of case lighting and anti-sweat 
heaters. 
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Exhibit B-IO 
Refrigerator EMS Energy and Demand Savings 

Check 
SitelD Number 
60590 3389 
60593 3381 
60724 3413 
60960 3411 
61058 3405 
61060 3402 
61061 3372 
61063 3366 
61064 3379 
61066 3415 
61067 3361 
61068 3409 
61069 3391 
61070 3373 
61756 3407 
62098 3416 
62390 3403 
62391 3400 
62526 3378 
62759 3404 
62761 3395 
62985 3364 
62986  3412 
63216  3399 
63217  i 3359  
63218 3384 
63619  3363 
63621 3401 
63624 3368  
63625 3374 
63626 5687 
63627 3388  
63775 3394  
63776 3414 
63778 3357 
63889 3367 
62987 3408 
61065 3371 
61057  3386  

Totals 

Case Lighting 
Demand 

Impacts (kW) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 

0 

0 
0 
0 

0 

0 

Case Lighting 
Energy Impacts 

(kWh) 
451990 
48t545 
48t545 
91t980 

127r750 
66~430 
33~215 
28~105 
99e645 

104t755 
38~325 

102t200 
91r214 
66e430 
94t535 
79r205 
38t325 
28r105 
63~875 
22:995 
43~435 
51r100 
84:315 
48~545 
15r151 
63:875 

132r860 
71 ~540 
22:995 
22r995 
38~325 
33t215 
56:210 
86e870 
28e105 
22:995 
591519 
59t519 
59t519 

01 2:321:258 

Door Heaters 
Demand Impacts 

(kW) 
5.5 
2.5 
6.0 
11.0 
7.5 
4.5 
7.0 
5.5 
2.0 
11.0 
9.0 
10.5 
5.0 
4.5 
13.0 
10.0 
7.0 
7.5 
4.0 
7.5 
1.5 
8.5 
9.5 
14.5 
3.0 
5.5 
6.0 
8.0 
4.6 
3.9 
9.5 
8.0 
4.0 
11.0 
9.5 
4.0 
7.0 
7.0 
7.0 

Door Heaters 
Energy Impacts 

(kWh) 
48r180 
21t900 
52r560 
96t360 
65t700 
39r420 
61r320 
48 r 1 80, 
1 7r520 
96~360 
78r840 
91 r980 ; 
43t800 
39t420 

113t880 
87r600 
61r320 
65r700 
35r040 
65r700 
13r140 
74r460 
83r220 

127~020 
26f280 
48r180 
52:560 
70r080 
40t296 
34 r 164 
83r220 
70t080 
35r040 
96r360 
83r220 
351040 
611198 
61r198 
61t198 

272 1 2 386 7351 
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I n d i r e c t  C o o l i n g  Sav ings  -- The reduction of lighting and anti-sweat loads, within the refrigerated 
display cases, has an indirect effect of reducing compressor and condenser energy usage. The 
reduction in gains for both of these heat sources were calculated separately. 

To calculate refrigerated case impacts (due to refrigerated case lighting controls), the 
following assumptions were made: 

All energy serving the lights is assumed to dissipate in the form of heat -- thus the reduction 
of lighting energy relates directly to a reduction in refrigerated case load. 

Cycling of display lights at night has no impact on peak demand savings. 

Lighting energy savings in kW were converted to BTU when determining the reduction in 
refrigerated case loads. 

To calculate refrigerated case impacts (due to refrigerated case anti-sweat controls), the 
following assumptions were made: 

It was assumed that fifty percent of the anti-sweat gains are dissipated into the store and the 
other fifty percent to the refrigerated case. Thus reduced heat load resulting from anti- 
sweat cycling contributes only half of that heat for secondary load reduction in 
compressor and condenser energy usage. 

In contrast to application records (where anti-sweat heater cycling only contributes to 
energy savings), ex post demand savings were also calculated. 

The savings due to the reduction in the refrigeration load were determined by computing the level 
of energy and demand associated with the refrigeration load (Btuh) at each of ten sites. As 
illustrated in Exhibit B-11 the ten sites previously analyzed in the Condenser Recircuit measure 
were used to determine a ratio of refrigerator load to kW demand, and to annual kWh use. This 
ratio was applied to the reduced load for each site in order to determine the reduction in energy 
and demand. Energy impacts were calculated using the combined load reduction for heaters and 
lighting. Demand impacts were calculated using the load reduction for heaters only. 

Exhibit B- 11 
Refrigeration Load vs. Demand a n d  Energy 

NI lmi imi/mm 
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H e a t  R e c l a i m  

One site claimed savings for a heat reclaim retrofit. Waste heat from the refrigerators are used to 
heat water, where the water heater element has been disconnected. Energy savings for this retrofit 
represented an annual operating factor of 50 percent. Given that no telephone or on-site audit 
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data were gathered for this customer, this figure was determined to be acceptable. Demand 
savings claimed in the application were equivalent to the connected load of the equipment. This 
was not consistent with a 50 percent operating factor, and therefore savings were adjusted 
downward by this ratio. 

Supermarket Refrigeration Summary of Findings 

Total evaluation impacts for each retrofit measure installed at these supermarkets are illustrated in 
Exhibit B-12. Evaluation energy impacts were 6 percent higher than those claimed in the MDSS, 
while evaluation demand impacts were 17 percent lower than claimed in the MDSS. A portion of 
the demand impacts claimed in the application were dismissed due to errors in the calculation or 
summary. Evaluation demand savings included anti-sweat heater EMS impacts which were not 
claimed in the application. 
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Exhibit B-T2 
&fDSS, Detailed Application, and Evaluation Savings 

Energy 

MDSS 

Demand 

MDSS 

12% 

KEY 

[ ]  Refrigeration 
Condenser 
Recircuit 

[ ]  Refrigeration 
EMS 

DETAILED 

1% 
KEY 

• HVAC VSD 

[ ]  Refrigeration 
Condenser 
Recircuit 

[ ]  Refrigeration 
EMS 

[ ]  Lighting 
[ ]  Rerigeration 

Heat 
Reclaim 

49°A 

DETAILED 

4% 4% 

16°/( 

EVALUATION 

6% 1% 

% 

KEY 

• HVAC VSD 

[ ]  Refrigeration 
Condenser 
Recircuit 

[ ]  Lighting EMS 

• Refrigerated Case 
Lighting EMS 

[ ]  Refrigeration 
Anti-Sweat 
Heater EMS 

• Indirect 
Refrigeration 
Savings EMS 

[ ]  Refrigeration 
Heat Reclaim 

EVALUATION 

2% 

2% 
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Exhibit B-13 details the overall MDSS record versus the gross unadjusted evaluation impacts by 
action code. 

Exhibit B- 13 
MDSS vs. Evaluation 

MDSS Evaluation 
Action Demand Demand MDSS Energy Evaluation 
Code (kW) (kW) IkWh) Energy (kWh) 

453 74.3 1 09 2,808,306 2,859,899 

489 531.5 397 11,021,897 11,823,334 

B.4.2 Customized Incentives Program--Other Applications 

Detailed calculations supporting the remaining 14 applications submitted under the Customized 
Incentives Program are presented in Section B.6.3. The application review and evaluation impact 
calculations submitted in that section are not intended to be stand-alone documents, but should 
be reviewed in conjunction with the application records themselves. 

B.5 DETAILED METHODS USED TO DEVELOP RETROFIT EXPRESS ENGINEERING 
ESTIMATES 

This section contains detailed information regarding the development of impacts for each RE 
measure, and is presented according to the following: 1) for each measure, a written summary 
provides an overview of the algorithm review, and 2) detailed calculations used in the analysis are 
provided. 

B.6 DETAILED METHODS USED TO DEVELOP CUSTOMIZED INCENTIVES 
ENGINEERING ESTIMATES 

This section contains detailed information regarding the development of impacts for each 
Customized Incentives application, and is presented according to the following: 1) for each 
application, a written summary provides a synopsis of the application review process, and 2) 
detailed supporting evaluation calculations are provided. 
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Appendix B.5 
Detailed Standard Measure Engineering Calculations 



Measure A: Night Covers for Display Cases 

Measure 
Description: 

Summary of Advice 
Filing Calculations: 

Comments on 
Advice Filing 
Calculations: 

Comments on 
Advice Filing 
Inputs: 

Evaluation Process: 

Additional Notes: 

This measure provides a film or blanket night cover for open vertical 
or open tub display cases. The target market for this measure is 
small grocery stores which restock during the day. 

Energy estimates were derived using an Excel spreadsheet that was 
developed by the PG&E Mechanical and Nuclear Engineering 
Department. No demand impacts were calculated as the retrofit 
only affects off-peak hours. 

The cited spreadsheet was not included with the other technical 
documents, and so the Advice Filing method could not be 
evaluated. 

Inputs were taken from manufacture's data. There is no reason to 
doubt the validity of this data. 

An Evaluation estimate was not developed. 
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Ref Measures A-J Night Covers 

A) Night Covers for Display Cases 

1) Provide film or blanket night covers on open display cases. 
The target market for this measure is smaller grocery stores who restock during the day. 
Eligible units are open vertical stand-up display cases, of the single- or double-air curtain front design, and tub cases 

2) Advice Filing Method: 

Case Type 

LT Multideck 

MT Multideck 

HT Multideck 

LT Coffin 

MT Coffin 

Percent of 
Participation 

4% 

70% 

8% 

14% 

4% 

Cover Type 

film 
blanket 
film 
blanket 
film 
blanket 
film 
blanket 
film 
blanket 

Energy Savings 
(kWh/yr-ft) 

329 
37O 
143 
161 
75 
84 
85 
95 
33 
37 

Weighted 
(kWh/yr-f t)  

9.87 
3.70 

75.08 
28.18 
4.50 
1.68 
8.93 
3.33 
0.99 
0.37 

average = 1 3 6.61 

No demand impacts are estimated because covers are generally deployed at night, during non-business hours. 

3) Evaluation Estimate: 
All information used in the calculations are from manufacturer's data. 
No reason to doubt validity, and unable to locate alternate sources. 
Recommend using Advice Filing Estimates. 

4) Summary of Results: 

Impact Type Impact 
(per linear foot) Advice Filing Evaluation 

NC Demand (kW) 0 NA 
Coinc. Demand (kW) 0 NA 
Annual Energy (kWh) 137 NA 

Recommended 
Source 

Advice Filing 
Advice Filing 
Advice Filing 
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Measure B: Strip Curtains for Walk-in 

Measure 
Description: 

Summary of Advice 
Filing Calculations: 

Comments on 
Advice Filing 
Calculations: 

Comments on 
Advice Filing 
Inputs: 

Evaluation Process: 

Additional Notes: 

Installation of strip curtains on doorways to walk-in coolers. This 
reduces infiltration when the door is open. 

Impacts were derived using PG&E Application Note 53-31-81 and 
some "conservative assumptions". Inputs included air changes 
per day and the change in enthalpy of the entering air. 

The method used was inconsistent with the impacts developed for 
other measures that reduce infiltration, such as the Auto-Closer and 
Door Gasket measures for coolers and freezers. These programs 
use an ASHRAE method to calculate impacts. 

According to the Advice Filing, the strip curtains were 65% effective 
in reducing infiltration. ASHRAE methods estimate that strip 
curtains in good condition are 80% to 95% effective in reducing 
infiltration. 

Energy and demand impacts were developed using the ASHRAE 
method and modified inputs. 

The Advice Filing method grossly underestimates the energy and 
demand impacts of this measure. The Evaluation energy estimate is 
approximately ten times greater than the Advice Filing estimate. 
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Ref Measures A-J Strip Curtains 

B) Strip Curtains for Walk-in 

1) Install strlp curtains for walk-in coolers and refrigerated warehouses. 

2) Ex-ante assumptions: 
Average EER is 7.0 
Door area is 3' x 7' or 21sqft 
Ave air infiltration rate is 75 cuft/min 
Volume of walk-in is 1,500 cuft 
Ave walk-in temp is 30F 
Ave indoor temp is 75 F 
Relative humidity is 50% 
11 air changes per day 
Strip curtains assumed to be 65% effective at blocking infiltration. 

3) Advice Filing Estimates: 
Energy Savings: 

Advice Filing uses PG&E Application Note 53-31-81 and makes "some conservative assumptions". 

Q = I x H x 365 days/yr 

where: 
Q =  

I=  
= 

H =  
= 

loads due to infiltration (kBtu/yr) 
volume of infiltrated air (volume x air changes per day) 
16,500 cult/day 
enthalpy change per cult of entering air 
1.39 Btu/cuft 

Q = (16,500 cuff/day) x (1.39 Btu/cuft) x 365 days/yr 
= 8,371,275 
= 8,371 kBtu/yr 

adjust to kWh = 8,371 kBtu/yr x (1/7.0 Btu/Watt) 
= 1,196 
= 1,196 kWh/yr 

Savings due to Curtains: 
= 65% x 1,196 kWh/yr 
= 777 
= 777 kWh/yr 

Adjust to sqft = (777 kWh/yr)/21 sqft 
= 3 7  
= 37 kWh/sqft-yr 

Non-coincident Demand Savings: 
= (37 kWh/yr-sqft)/(5,708 EFLH/yr) 
= 0.00648 
= 0.00648 kW/sqft 
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Ref Measures A-J Strip Curtains 

Coincident Demand Savings: 
= (0.00648 kW/sqft) x 0.54 CDF 
= 0 . 0 0 3 5 0  
= 0 .0035 kW/sqft  

Although the advice filing methods apply a diversity factor of 0.54, a more reasonable CDF would be 0.65. 
= (5,708 EFLH/yr) /8 ,760 hrs/yr 

= 0 .65  

4) Evaluation Estimates: 
Non-coincident Demand Savings: 

Infiltration by air exchange, according to ASHRAE* p.26.3. 
qt = 3,790 x W x H^1.5 x (Q/A) x ( l /R )  x Dt x Df x (l-E) 

where:  
qt = average heat gain in a period (Btu/h) 
W = door width 
H = door height 

Q/A = sensible heat load of infiltration per square foot of doorway 
R = sensible heat ratio of the infiltration air heat gain 

Dt = door open time factor 
Df = door f low factor 
E = effect iveness of doorway protective device (0 = unobstructed doorway) 

ASHRAE"  assumes that a strip curtain is 80% to 95% effective in reducing infiltration. 

The cooler impact is initially calculated with the assumption that the door is left open for an entire hour. 

Dt = 1.0 
DI = 0.8 f low factor 
E = 65% according to Advice Filing p. RF-17 

Q/A = 0.16 tons/sqft according to ASHRAE*  Fig. 3, p. 26.4 
R = 0.59 according to ASHRAE* Table 7, p. 26.4 

Baseline Loads (cooler) = 3,790 x 3ft x (7^1.5ft) x (0.16 tons/sqft) x (1/0.59) x 80% x 1.0 x (1-0) 
= 4 5 , 6 8 4  

Baseline Demand (cooler) = (45,648 Btuh)° (1 ton/12,000 B tuh ) * ( l . 6  kW/ton) 

= 6 .086  
= 6.086 kW 

This is a theoretical calculation, and assumes that a door would be left open for an entire hour. 

Retrofit Loads (cooler) = 3,790 x 3ft x (7^1.5ff) x (0.16 tons/sqft) x (1/0.59) x (80% flow factor) x (1 - 65%) 

= 15 ,989  
Retrofit Demand (cooler) = (15,989 Btuh) x (1ton/12,000 Btuh) x (1.6 kW/ton) 

= 2 .132  
= 2.132 kW 

Again, this impact assumes that the cooler door is left open for an entire hour. 
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Ref Measures A-J Strip Curtains 

N C  Demand Savings (cooler) = 

= 

= 

6.086 kW - 2.132 kW 
3.954 
3.954 kW 
Again, this impact assumes that the cooler door is left open for an entire hour. 

Q/A = 
R= 

Baseline Loads (freezer) = 
= 

Baseline Demand (freezer) = 
= 

= 

The freezer impact is initially calculated with the assumption that the door is left open for an entire hour. 
0.61 tons/sqft according to ASHRAE* Fig. 3, p. 26.4 
0.63 according to ASHRAE* Table 7, p. 26.4 
3,790 x 3ft x (7A1.5ft) X (0.61 tons/sqft) x (1/0.63) x 80% x 1.0 x (1-0) 
163,112 
(163,112 Btuh)*(lton/12,000 Btuh)*(2.4 kW/ton) 
32.622 
32.622 kW 
Again, this impact assumes that the freezer door is left open for an entire hour. 

Retrofit Loads (freezer) = 
= 

Retrofit Demand (freezer) = 
= 

= 

3,790 x 3ft x (7^1.5ft) x (0.61 tons/sqft) x (1/0.63) x 80% x 1.0 x (1-65%) 
57,089 
(57,089 Btuh)*(1ton/12,000 Btuh)*(2.4 kW/ton) 
11.418 
11.418 kW 

N C  Demand Savings (freezer) = 

= 

32.622 kW - 11.418 kW 
21.205 
21.205 kW 
Again, this impact assumes that the freezer door is left open for an entire hour. 

Average NC Demand Savings: 
= (3.954 
= 7.404 
= 7.404 
= 0.353 
= 0.353 

kW x 80%) + (21.205 kW x 20%) 

kW/21 sqft 

kW/sqft 

Energy Savings: 
Assumptions: 

50% of participants are grocery stores, and another 30% are split between warehouse and misc. commercial 
Business hours are assumed to be 20 hours / day seven days a week 
Walk-in doors are open 3 hours a day, according to Advice Filing estimates for Auto-Closer on Cooler or Freezer p. RF-76 
Annual hours doors purposefully open = 1,095 
80% of installations are coolers, 20% freezers, assumption used by Advice Filing estimates for Auto-Closer on Cooler or Freezer p.RF-76 

Average Energy Savings = 

= 

= 

= 

= 

[(3.954 kW x 80%) + (21.205 kW x 20%)] x 1,095 hrs/yr 
8,108 
(8,108 kWh/yr)/(21 sqft) 
386 
386 kWh/yr-sqft 
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Ref Measures A-J Strip Curtains 

Coincident Demand Savings: 
Assume savings are spread across and entire year. 

= (386 kWh/yr-sqft).8,760 hrs/yr 
= 0.0441 
= 0.0441 kWh/yr-sqft 

5) Summary of Results: 

Impact Type 
(per square foot) 

NC Demand (kW) 
I 
Comc. Demand (kW) 
;Annual Energy (kWh) 

Impact 
Advice Filing Evaluation 

0.0065 0.353 
0.0035 0.0441 

37 386 

Recommended 
Source 

Evaluation 
Evaluation 
Evaluation 

6) Sources: 
* ASHRAE Handbook, "Refrigeration Systems and Applications"; 

Atlanta, GA, 1994 
American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. 
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Measure C: Glass or Acrylic Doors (Low Temperature Case) 

Measure 
Description: 

Summary of Advice 
Filing Calculations: 

Comments on 
Advice Filing 
Calculations: 

Comments on 
Advice Filing 
Inputs: 

Evaluation Process: 

Additional Notes: 

Installation of glass or acrylic doors on existing open multideck low 
temperature refrigeration cases, in order to reduce infiltration. 

Direct energy and demand impacts were calculated using 
connected load and case load values from Competitek. 

Direct demand savings associated with case load reduction were 
used with no supporting calculations provided. No indirect 
impacts were developed. 

While the baseline case load values were verified with alternate 
sources, the retrofit impacts underestimate potential savings. 
Additionally, indirect impacts were not estimated. 

Direct and indirect impacts were determined using case loads, 
evaporator fan connected loads, and anti-sweat heater loads. 

Evaluation results suggest that the Advice Filing methods 
underestimate the energy and demand impacts for this measure by 
approximately 65% and 99%, respectively. 
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Ref Measures A-J LT Glass Doors 

C) Glass or Acrylic Doors (Low Temperature Case) 

1) Installation of glass or acrylic doors on existing open multideck low temperature refrigeration cases. 

2) Ex-ante calculation assumptions: 
50% of the replaced systems are multiplex and the other 50% are conventional systems. 
Low temperature conventional systems will save 3.19 kWh/day-ft of display (35% of baseline). 
Low temperature multiplex systems will save 1.71 kWh/day-ft of display (27% of baseline). 
Annual operating hours for a refrigeration system is 5,708 hours/yr. 
Baseline case load is 1,425 Btuh-ft 
EER for low temp case is 4.43. 

3) Advice Filing Estimates: 
Baseline Case Load: 

= [(1425 Btu/hr-ft)/(4.43 Btu/W-hr )] x (8,760 hrs/yr) x (1 kW/1,000Watts) 
= 2818 
= 2,818 kWh/yr-ft 

Advice Filing p.RF-8 lists 2,820 kWh/yr-ft, assume rounding. 

Energy Savings: 
Average daily savings = (3.19 kWh/day-ft +1.71 kWh/day-ft)/2 

= 2.45 
Average annual savings = (2.45 kWh/day-ft) x (365 days/yr) 

= 894.25 
= 894 kWh/yr-ft 

Case Load Savings: 
The following calculation was not done in the Advice Filing, but was done in the Evaluation for purposes of 
comparison 

= (894 kWh/yr-ft) x 4.43 Btu/Watt-hr 
= 3960.42 
= (3,960 kBtu/yr-ft) x (1 yr/365 days) x (1 day/24 hrs) x (1,000 Btu /1 kBtu) 
= 452 
= 452 Btu/hr-ft, a 31.7% savings over the baseline 

Non-coincident Demand Savings: 
= (894 kWh/yr-ft)/(5,708 full load hours/yr) 
= 0.157 
= 0.157 kW/ft 

Coincident Demand Savings: 
= 0.54 CDF x 0.157 kW/ft 
= 0.0848 
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Ref Measures A-J LT Glass Doors 

= 0 .0848  kW/ft 
The Advice Filing lists 0.0846 kW/tt, difference assumed to be rounding. 
The Advice Filing uses a CDF of 0.54, which is not appropriate. 
A more reasonable value is (5,708 EFLH/yr)/(8,760 hrs/yr) = 0.65 

4) Evaluat ion Estimates:  
Evaluation Assumptions: 

Unless otherwise stated all values taken from EPRI report TR-100984, V l t .  
Baseline design case load is 1,400 Btuh/ft 
Retrofit design case load is 560 Btuh/ft 
Average EER for a low temp case is 4.3 Btuh/Watt 
Baseline anti-sweat energy use is 13 Watts/hr-ft 
Retrofit anti-sweat energy use is 25 Watts/hr-ft 
Baseline fan energy use is 70 Watts/hr-ft 
Retrofit fan energy use is 19 Watts/hr-ft 

Baseline Case Load: 
= (1400 Btu/hr-ft)/(4.3 Btu/W-hr ) 
= 326 
= (326 Watts/ft) x (24 hr/day) x (365 days/yr) x (1 kW/1,000Watts) 
= 2856 
= 2,856 kWh/yr-ft 

Retrofit Case Load: 
= (560 Btu/hr-ft)/(4.3 Btu/W-hr) 
= 130 
= (130 Watts/ft) x (8,760 hrs/yr) x (1 kW/1,000Watts) 
= 1,139 
= 1,139 kWh/yr-ft, case load only 

Indirect Case Load: 
Anti-sweat Energy Impacts = 

= 

= 

Evap. Fan Energy Impacts = 
== 

(13 Watts/hr-ft - 2 5  Watts/hr-ft) 
-12 
(-12 Watts/hr-ft) x (24 hrs/day) x (365 days/yr) x (1 kW/1,000 Watts) x 1.0 CDF 
-105 

-105 kWh/yr-ft 
(70 Watts/hr-ft - 19 Watts/hr-ft) 
51 
(51 Watts/hr-ft) x (24 hrs/day) x (365 days/yr) x (1 kW/1,000 Watts) x 0.65 CDF 
290 
290 kWh/yr-ft 
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Ref Measures A-J LT Glass Doors 

Energy Savings: 
Average case load is stated to be 75% of the design load, according to EPRI report TR-100984, Vl1. 

Total Annual Savings = 0.75 x [(2,856 kWh/yr-ft) - 1,139 kWh/yr-ft] + [(290 kWh/yr-ft) -(105 kWh/yr-ft)] 
1473 
1,473 kWh/yr-ft 
This is not comparable to the 894 kWh savings supported by Advice Filing Methods. 
Recommend using Evaluation estimate, as indirect impacts are taken into account. 

Non-coincident Demand Savings: 
= (1,473 kWh/yr-ft)/(5,708 full load hours/yr) 
= 0.258 
= 0.258 kW/ft 

Recommend using Evaluation estimate, as indirect impacts are taken into account. 

Coincident Demand Savings: 
Energy savings are assumed to be spread evenly across the entire year. 

= (1,473 kWh/yr-ft)/(8,760 hours/yr) 
= 0.168 
= 0.168 kW/ft 

The actual coincident demand can reasonably be assumed to be within the range of 0.258 kW/ft to 0.168 kW/ft, 
and may be closer to 0.258 kW/ft. 
Recommend using Evaluation estimate, as indirect impacts are taken into account. 

5) Summary of Results: 

6) 

Impact Type 
(per linear foot) 

NC Demand (kW) 
Coinc. Demand (kW) 
Annual Energy (kWh) 

Impact 
Advice Filing Evaluation 

0.157 0.258 
0.0846 0.168 

894 1,473 

Recommended 
Source 

Evaluation 
Evaluation 
Evaluation 

Sources: 
t EPRI report TR-100984, V1, "Engineering Methods for Estimating the Impacts of Demand-Side Management Programs"; 

Volume 1: Fundamentals of Engineering Simulations for Residential and Commercial End Uses; Electric Power Research Institute, Palo Alto, CA, 1992. 

2 / 2 / 9 7  Page 8 9:47 PM 



Measure D: New Refrigeration Case with Doors (Low Temperature Case) 

Measure 
Description: 

Summary of Advice 
Filing Calculations: 

Comments on 
Advice Filing 
Calculations: 

Comments on 
Advice Filing 
Inputs: 

Evaluation Process: 

Additional Notes: 

Replacement of existing open multideck low temperature 
refrigeration display cases, with multideck display cases with doors. 

Direct energy and demand impacts were calculated using 
connected load and case load values from Competitek. 

Direct demand savings associated with case load reduction were 
used with no supporting calculations provided. No indirect 
impacts were developed. 

While the baseline case load values were verified with alternate 
sources, the retrofit impacts underestimate potential savings. 
Additionally, indirect impacts were not estimated. 

Direct and indirect impacts were determined using case loads, 
evaporator fan connected loads, and anti-sweat heater loads. 

Evaluation results suggest that the Advice Filing methods 
underestimate the energy and demand impacts for this measure by 
approximately 65% and 99%, respectively. 
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D. New Refrigeration Case with Doors (Low Temperature Case): 

1) Replacement of existing open multideck low temperature refrigeration cases. 
Retrofits are low temperature case refrigeration with doors. 

2) Ex-ante calculation assumptions: 
50% of the replaced systems are multiplex and the other 50% are conventional systems. 
Low temperature conventional systems will save 3.19 kWh/day-ft of display (35% of baseline). 
Low temperature multiplex systems will save 1.71 kWh/day-ft of display (27% of baseline). 
Annual operating hours for a refrigeration system is 5,708 hours/yr. 
Baseline case load is 1,425 Btuh-ft 
EER for low temp case is 4.43. 

3) Advice Filing Estimates: 
Baseline Case Load: 

Energy Savings: 

= [(1425 Btu/hr-ft)/(4.43 Btu/W-hr )] x (8,760 hrs/yr) x (1 kW/1,000Watts) 
= 2818 
= 2,818 kWh/yr-ft 

Advice Filing p.RF-8 lists 2,820 kWh/yr-ft, assume rounding. 

Average daily savings = (3.19 kWh/day-ft +1.71 kWh/day-ft)/2 
= 2.45 

Average annual savings = (2.45 kWh/day-if) x (365 days/yr) 
= 894.25 
= 894 kWh/yr-ft 

Case Load Savings: 
The following calculation was not done in the Advice Filing, but was done in the Evaluation for purposes of 
comparison 

= (894 kWh/yr-ft) x 4.43 Btu/Watt-hr 
= 3960.42 
= (3,960 kBtu/yr-ft) x (1 yr/365 days) x (1 day/24 hrs) x (1,000 Btu /1 kBtu) 
= 452 
= 452 Btu/hr-ft, a 31.7% savings over the baseline 

Non-coincident Demand Savings: 
= (894 kWh/yr-ft)/(5,708 full load hours/yr) 
= 0.157 
= 0.157 kW/ft 

Coincident Demand Savings: 
= 0.54 CDF x 0.157 kW 
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= 0 .0848 
= 0.0848 kW/ft 

The Advice Filing lists 0.0846 kW/ft, difference assumed to be rounding. 
The Advice Filing uses a CDF of 0.54, which is not appropriate. 
A more reasonable value is (5r708 EFLH/yr)/(8,760 hrs/yr) = 0.65 

4) Evaluation Estimates: 
Evaluation Assumptions: 

Unless otherwise stated all values taken from EPRI report TR-100984, V l l ' .  
Baseline design case load is 1,400 Btuh/ft 
Retrofit design case load is 560 Btuh/ft 
Average EER for a low temp case is 4.3 Btuh/Watt 
Baseline anti-sweat energy use is 13 Watts/hr-ft 
Retrofit anti-sweat energy use is 25 Watts/hr-ft 
Baseline fan energy use is 70 Watts/hr-ft 
Retrofit fan energy use is 19 Watts/hr-ft 

Baseline Case Load: 
= (1400 Btu/hr-ft)/(4.3 Btu/W-hr ) 
= 326 
= (326 Watts/if) x (24 hr/day) x (365 days/yr) x (1 kW/1,000Watts) 
= 2856  
= 2,856 kWh/yr-ft  

Retrofit Case Load: 
= (560 Btu/hr-ft) /(4.3 Btu/W-hr) 
= 130 
= (130 Watts/ft) x (8,760 hrs/yr) x (1 kW/1,000Watts) 
= 1,139 
= 1,139 kWh/yr-ft, case load only 

Indirect Case Load: 
Anti-sweat Energy Impacts = 

= 

= 

Evap. Fan Energy Impacts = 

= 

= 

(13 Watts/hr-ft - 25 Watts/hr-ft) 
-12 
(-12 Watts/hr-ft) x (24 hrs/day) x (365 days/yr) x (1 kW/1,000 Watts) x 1.0 CDF 
-105 

-105 kWh/yr-ft 
(70 Watts/hr-ft - 19 Watts/hr-ft) 
51 
(51 Watts/hr-ft) x (24 hrs/day) x (365 days/yr) x (1 kW/1,000 Watts) x 0.65 CDF 
29O 
290 kWh/yr-ft 
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Energy Savings: 
Average case load is stated to be 75% of the design load, according to EPRI report TR-100984, Vl1". 

Total Annual Savings = 0.75 x [(2,856 kWh/yr-ft) - 1,139 kWh/yr-ft] + [(290 kWh/yr-ft) -(105 kWh/yr-ft)] 
= 1 473 
= 1,473 kWh/yr-ft 

This is not comparable to the 894 kWh savings supported by Advice Filing Methods. 
Recommend using Evaluation estimate, as indirect impacts are taken into account. 

Non-coincident Demand Savings: 
= (1,473 kWh/yr-ft)/(5,708 full load hours/yr) 
= 0.258 
= 0.258 kW/ft 

Recommend using Evaluation estimate, as indirect impacts are taken into account. 

Coincident Demand Savings: 
Energy savings are assumed to be spread evenly across the entire year. 

= (1,473 kWh/yr-ft)/(8,760 hours/yr) 
= 0.168 
= 0.168 kW/ft 

The actual coincident demand can reasonably be assumed to be within the range of 0.258 kW/ft to 0.168 kW/ft, 
and may be closer to 0.258 kW/ft. 
Recommend using Evaluation estimate, as indirect impacts are taken into account. 

5) Summary of Results: 

8) 

Impact Type Impact Recommended 
(per linear foot) Advice Filing Evaluation Source 

NC Demand (kW) 0.157 0.258 Evaluation 
Coinc. Demand (kW) 0.0846 0.1 68 Evaluation 
Annual Energy (kWh) 894 1,473 Evaluation 

Sources: 
1 EPRI report TR-100984, Vl,  "Engineering Methods for Estimating the Impacts of Demand-Side Management Programs"; 

Volume 1: Fundamentals of Engineering Simulations for Residential and Commercial End Uses; Electric Power Research Institute, Palo Alto, CA, 1992. 
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Measure E: New Refrigeration Case with Doors (Medium Temperature Case) 

Measure 
Description: 

Summary of Advice 
Filing Calculations: 

Comments on 
Advice Filing 
Calculations: 

Comments on 
Advice Filing 
Inputs: 

Evaluation Process: 

Additional Notes: 

Replacement of existing open multideck medium temperature 
refrigeration display cases, with multideck display cases with doors. 

Direct energy and demand impacts were calculated using 
connected load and case load values from Competitek. 

Direct demand savings associated with case load reduction were 
used with no supporting calculations provided. No indirect 
impacts were developed. 

While the baseline case load values were verified with alternate 
sources, the retrofit impacts underestimate potential savings. 
Additionally, indirect impacts were not estimated. 

Direct and indirect impacts were determined using case loads, 
evaporator fan connected loads, and anti-sweat heater loads. 

Evaluation results suggest that the Advice Filing methods 
underestimate the energy and demand impacts for this measure by 
approximately 1 7% and 41%, respectively. 
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E. New Refrigeration Case with Doors (Medium Temperature Case): 

1) Replacement of existing open multideck low temperature refrigeration cases. 
Retrofits are medium temperature case refrigeration with doors. 

2) Ex-ante calculation assumptions: 
50% of the replaced systems are multiplex and the other 50% are conventional systems. 
Medium temperature conventional systems will save 1.29 kWh/day-ft of display (35% of baseline). 

Actual calculation = (1.29 kWh/ft-day)/(4.54 kWh/ft-day) = 28% 
Medium temperature multiplex systems will save 0.61 kWh/day-ft of display (27% of baseline). 

Actual calculation = (0.61 kWh/ft-day)/(3.2 kWh/if-day) = 19% 
Annual operating hours for a refrigeration system is 5,708 hours/yr. 
Baseline case load is 1,380 Btuh-ft 
EER for medium temp case is 8.68 

3) Advice Filing Estimates: 
Baseline Case Load: 

= [(1,380 Btu/hr-ft)/(8.66 Btu/W-hr )] x (8,760 hrs/yr) x (1 kW/1,000Watts) 
= 1,396 
= 1,396 kWh/yr-ft 

Energy Savings: 
Average daily savings = (1.29 kWh/day-ft  + 0.61 kWh/day-ft)/2 

= 0.95 
Advice Filing lists 0.945 kWh/day-ft which is mathematical ly incorrect. 

Average annual savings = (0.95 kWh/day-if) x (365 days/yr) 
= 346.75 
= 347 kWh/yr-ft 

345 kWh/yr-ft was calculated in the Advice Filing, (p.RF-26) due to using 0.945 kWh/if-day as an input 

Case Load Savings: 
The following calculation was not done in the Advice Filing, but was done in the Evaluation for purposes of 
comparison 

= (347 kWh/yr-ft) x 8.66 Btu/Watt-hr 
= 3 ,005 
= (3,005 kBtu/yr-ft) x (1 yr/365 days) x (1 day/24 hrs) x (1,000 Btu /1 kBtu) 
= 343 
= 343 Btu/hr-ft, a 24.6% savings over the baseline 

Non-coincident Demand Savings: 
= (347 kWh/yr-ft)/(5,708 full load hours/yr) 
= 0.061 
= 0.061 kW/ft 
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Advice Filing estimate is 0.0604 (p.RF-26) due to using 347 kWh/yr-ft as an input. 
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Coincident Demand Savings: 
= 0.54 CDF x [(347 kWh/yr-ft)/(5,708 full load hours/year)] 
= 0 .0328 
= 0.0328 kW/ft 

Advice Filing estimate is 0.0326 (p.RF-26) due to using 347 kWh/yr-ft as an input. 
The Advice Filing uses a CDF of 0.54, which is not appropriate. 
A more reasonable value is (5,708 EFLH/yr)/(8,760 hrs/yr) = 0.65 

4) Evaluation Estimates: 
Evaluation Assumptions: 

Unless otherwise stated all values taken from EPRI report TR-100984, V l t .  
Baseline design case load is 1,400 Btuh/ft 
Retrofit design case load is 550 Btuh/ft 
Average EER for a med temp case is 8.6 Btuh/Watt 
Baseline anti-sweat energy use is 0 Watts/hr-ft 
Retrofit anti-sweat energy use is 23 Watts/hr-ft 
Baseline fan energy use is 12 Watts/hr-ft 
Retrofit fan energy use is 20 Watts/hr-ft 

Baseline Case Load: 
= (1400 Btu/hr-ft)/(8.6 Btu/W-hr ) 
= 163 
= (163 Watts/ft) x (24 hdday) x (365 days/yr) x (1 kW/1,000Watts) 
= 1 428 
= 1,428 kWh/yr-ft 

Retrofit Case Load: 
= (550 Btu/hr-ft)/(8.6 Btu/W-hr) 
= 6 4  
= (64 Watts/ft) x (8,760 hrs/yr) x (1 kW/1,000Watts) 
= 561 
= 561 kWh/yr-ft, case load only 

Indirect Case Load: 
Anti-sweat Energy Impacts = 

Evap. Fan Energy Impacts = 

(0 Watts/hr-ft - 23 Watts/hr-ft) 
-23 
(-23 Watts/hr-ft) x (24 hrs/day) x (365 days/yr) x (1 kW/1,000 Watts) x 1.0 CDF 
-201 

-201 kWh/yr-ft 
(12 Watts/hr-ft  - 20 Watts/hr-ft) 
-8 
(-8 Watts/hr-ft) x (24 hrs/day) x (365 days/yr) x (1 kW/1,000 Watts) x 0.65 CDF 
-46 
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= -46 kWh/yr-ft 
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Energy Savings: 

Average case load is stated to be 75% of the design load, according to EPRI report TR-100984, Vl1". 

Total Annual Savings = 0.75 x [(1,428 kWh/yr-ft) - 561 kWh/yr-ft] + [(-201 kWh/yr-ft) -(46 kWh/yr-ft)] 
= 403 
= 403 kWh/yr-ft 

This is not comparable to the 345 kWh/yr-ft savings supported by Advice Filing Methods. 
Recommend using Evaluation estimate, as indirect impacts are taken into account. 

Non-coincident Demand Savings: 
= (403 kWh/yr-ft)/(5,708 full load hours/yr) 
= O.0706 
= 0.0706 kW/ft 

Recommend using Evaluation estimate, as indirect impacts are taken into account. 

Coincident Demand Savings: 
Energy savings are assumed to be spread evenly across the entire year. 

= (403 kWh/yr-ft)/(8,760 hours/yr) 
= 0.0460 
= 0.0460 kW/ft 

The actual coincident demand can reasonably be assumed to be within the range of 0.0706 kW/ft to 0.0460 kW/ft, 
and may be closer to 0.0706 kW/ft. 
Recommend using Evaluation estimate, as indirect impacts are taken into account. 

5) Summary of Results: 

Impact Type Impact 
(per linear foot) Advice Filing Evaluation 

NC Demand (kW) 0.0604 0.0706 
Coinc. Demand (kW) 0.0326 0.0460 
Annual Energy (kWh) i 345 403 

Recommended 
Source 

Evaluation 
Evaluation 
Evaluation 

6) Sources: 
1 EPRI report TR-100984, Vl ,  "Engineering Methods for Estimating the impacts of Demand-Side Management Programs"; 

Volume 1: Fundamentals of Engineering Simulations for Residential and Commercial End Uses; Electric Power Research Institute, Palo Alto, CA, 1992. 
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Measure F: Low Heat/No Heat Refrigeration Case Doors 

Measure 
Description: 

Summary of Advice 
Filing Calculations: 

Comments on 
Advice Filing 
Calculations: 

Comments on 
Advice Filing 
Inputs: 

Evaluation Process: 

Additional Notes: 

Provides an incentive to customers to request energy efficient low 
heat/no heat case doors when they purchase a new display case. 

Direct and indirect energy impacts were developed using the 
compressor efficiency and the connected load associated with door 
heaters. 

The method used to develop indirect impacts is inconsistent with 
those used for similar measures in the Advice Filing. The 
Humidistat Control measure, for example, uses an alternate 
approach (as recommended by LBL following a review of the 
measure). This recommendation should be adopted across all 
measures to ensure consistency in the methods applied. 

Inputs are based upon manufactures' data and appear valid. 

Direct and indirect impacts were determined. Indirect impacts were 
estimated using the methods recommended by LBL. 

The indirect impacts calculated in the Advice Filing were greater 
than the direct impacts. This result is incorrect. 
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F) Low Heat/No Heat Refrigeration Case Door 

1) Provide incentive to customers to request low heat/no heat doors at time of new display case purchase. 
Glass heaters are included on display case doors to eliminate condensation. 
Advanced designs incorporate heat-reflective coatings, gas inserted between panes, non-metallic spacers of the panes, 
and non-metallic frames. 

2) Ex-ante assumptions: 
Two manufacturers were cited, Anthony (60% of the market) and Ardco (40% of the market). 
50% of participation will be with low temperature cases, and the other 50% medium temperature cases. 
80% of cases will be equipped with humidistat controls. 
Humidistat control will turn off glass heaters 50% of the time. 
Compressor efficiency reed temp. = 7.5 EER 
Compressor efficiency low temp. = 5.0 EER 

3) Advice Filing Estimates: 

Medium Temperature Cases 
Manufacturer = Anthony 

Amps 
Length (ft) 

amps/ft 
Manufacturer = Ardco 

Amps 
Length (ft) 

amps/ft 
Advice Filing, p. RF-31 

Model 
400 

8.235 
25.2 

0.327 

Model 
Vanguard 

Model 
1000R 
5.895 
25.2 

0.234 

Model 
Swingline 

Average 
(400, 100R) 

7.065 
25.2 

0.280 

Average 
(Vang, Swing) 

EE-Model 
1200 
2.948 
25.2 

0.117 

EE-Model 
Enertech 

Base - EE 
amps/ft 
4.117 

0.163 

Base - EE 
amps/ft 

Market 
Share 
60% 

Market 
Share 

7.730 
25 

0.309 

5.670 
25 

0.227 

6.7 
25 

0.268 

3.067 
25 

0.123 

Low Temperature Cases 

Model Average 
6OO 

3.633 40% 

0.145 
total = 0.156 

= 0.156 amps/ft 

Manufacturer = Anthony 
Model 
600 

EE-Model Base - EE 
1 00 amps/ft 

Market 
Share 
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Amps 
Length (ft) 

amps/ft  

30.893 
25.2 

1.226 

30.893 
25.2 
1.226 

22.76 
25 

0.910 

8.133 

0.316 
Manufacturer = Ardco 

Base - EE 

Amps 
Length (ft) 

amps/ft  

Average 
(Van9, Swing) 

23.65 
25 

0.946 

Model 
Vanguard 
25.600 

25 
1.024 

EE-Model 
Enertech 
17.100 

25 
0.684 

Model 
Swingline 
21.700 

25 
0.868 

6.55 

0.262 

60% 

Market 
Share 
40% 

Advice Filing, p. RF-31 total = 0.294 
= 0.294 amps/ft 

Average for low and medium temperature cases = 0.225 
= 0.225 amps/ft 

Heat Load in Btuh for Glass, Door Rail, and Frame Heaters, and Lights 
Manufacturer = Anthony 

Medium Temp. 

Btuh 
Length (ft) 

Btuh/ f t  
Low Temp. 

Btuh 
Length (ft) 

Btuh/ f t  

Model 
400 

3,103 
10.1 

307.3 
Model 
600 

7,653 
10.t 

757.8 

Model 
1000R 
2,781 
10.1 

275.3 

Average 
(400, IOOR) 

2,942 
10.1 

291.3 

EE-Model 
1200 
2,030 
10.1 

201.0 
EE Model 

100 
3,690 
10.0 

369.0 

Advice Filing lists 90.4 Btuh/ft as savings for med. temp. cases. 
Advice Filing lists 390.1 Btuh/ft as savings for low temp. cases. 
Difference is assumed to be due to rounding. 

Savings 

912 

90.3 
Savings 

3,963 

388.8 
Advice Filing, p. RF-32 

Direct Energy Savings: 
Direct Door Heat Savings = 0.225 amps/ft x 120 volts x (lkw/1000 Watts) 

= 0.027 
= 0.027 kW/ft 

Full Load Hours = (20% x 8,760 hrs/yr) + (80% x 8,760 hrs/yr x 50%) 
= 5,256 
= 5,256 full load hours/yr 
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Direct Energy Impacts = 0.027 kW/ft x 5,256 hrs/yr 
= 142 
= 142 kWh/ft-yr 

Indirect Energy Savings: 
Hours Heat Conducted into Case = 

Indirect Energy Impacts = 
Indirect Energy Impacts (med. temp.) = 

Indirect Energy Impacts (low temp.) = 

Indirect Energy Impacts (mean) = 

5,256 hrs/yr - (4 hrs/day x 365 days/yr) 
3,796 

(4 in heat to case Btuh/ft) x 1/EER x (hours heat conducted into case) x (1 kW/1,000 Watts) 
90.41 Btuh/ft x (1/7.5 Btuh/Watt) x 3,796 hrs/yr x (1 kW/1,000 Watts) 
45.76 
45.76 kWh/ft-yr 

390 Btuh/ft x (1/5 Btuh/Watt) x 3,796 hrs/yr x (1 kW/1,000 Watts) 
296.09 
296.1 kWh/ft-yr 

(45.76 kWh/ft-yr + 296.1 kWh/ft-yr)/2 
170.93 
170.93 kWh/ft-yr 
It seems inconceivable that the indirect impact could be larger than the direct impact. 
This method does not agree with the recommendations of the LBL review of Humidistat Controls, p.RF-34, 
which recommends assumin 0 60% of the heater load will be conducted into the case. 
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Total Energy Savings: 
= 142 kWh/ft-yr + 170.93 kWh/yr 
= 312.93 
= 312.93 kWh/ft-yr 

This method does not agree with the recommendations of the LBL review of Humidistat Controls. 

Non-coincident Demand Savings: 
= 0.225 amps/ft x 120 volts x ( lkw/1000 Watts) 
= 0 .027 
= 0.027 kW/ft 

Coincident Demand Savings: 
= 0.027 kW/ft x 0.54 CDF 
= O.O1458 
= 0.0146 kW/ft 

Although the advice filing methods apply a CDF = 0.54, this is not an appropriate value. 
Impacts are continuous over an entire year, therefore (313 kWh/ft-yr)/(8,760 hrs/yr) = 0.0357 kW is a 
more appropriate demand savings estimate. 

4) Evaluation Estimates: 
Direct Energy Savings: 

See Advice Filing estimate. 

Indirect Energy Savings: 

Hours Case Open = 

Hours Heat Conducted into Case = 

Assume 60% of heat reduction is transferred into case. See Advice Filing p. RF-34, Humidistat Controls. 
First, an adjustment is made for the hours that doors are open due to customer use and stoking. 
4 hrs x 365 days/yr 
1,460 
[20% x (8,760 hrs/yr - 1,460 hrs/yr)] + [80% x (8,760 hrs/yr - 1,460 hrs/yr) x 50%] 
4 ,380 
4,380 hrs/yr 

Decrease in refrigeration load = 

Mean EER = 

Compressor load savings = 

(0.027 kW/ft) x (3,413 Btu/kWh) x (60% heat transfer to case) 
55.29 
55.29 Btuh/ft 
(7.5 EER + 5.0 EER)/2 according to Advice Filing, p.RF-34 
6.25 EER 
[(55.29 Btuh/ft)/(6.25 Btuh/Watt)] x 1 kW/1,000 Watts 
0 .00885 
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= 0.00885 kW/ft 
Indirect energy savings = 0.00885 kW/ft x 4,380 hrs/yr 

= 38.75 
= 38.75 kWh/ft-yr 

Total Energy Savings: 
= 142 kWh/yr + 38.75 kWh/ft-yr 
= 180.75 
= 181 kWh/ft-yr 

Evaluation estimate should supersede Advice Filing estimate, as it acknowledges the LBL review recommendations. 
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Coincident Demand Savings: 
Assume savings is distributed evenly across an entire year. 

= (38.75 kWh/ft-yr + 142 kWh/ft-yr)/(8,760 hrs/yr) 
= 0.0206 
= 0.0206 kW/ft 

Evaluation estimate should supersede Advice Filing estimate, as it acknowledges the LBL review recommendations. 

6) Summary of Results: 

Impact Type Impact 
, (per linear foot) Advice Filin 9 Evaluation 

NC Demand (kW) 0.0270 
Coinc. Demand (kW) 0.0146 0.0206 
Annual Energy (kWh) 31 3 1 81 
t t t  Using the Evaluationmethods, this value is unnecessary. 

Recommended 
Source 

t t t  
Evaluation 
Evaluation 
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Measure G: Humidistat Control 

Measure 
Description: 

Summa ry of Advice 
Filing Calculations: 

Comments on 
Advice Filing 
Calculations: 

Comments on 
Advice Filing 
Inputs: 

Evaluation Process: 

Additional Notes: 

installation of humidistat control devices which regulate display 
case anti-sweat heaters. Humidistat controls turn off anti-sweat 
heaters when ambient relative humidity is low enough that 
sweating will not occur. 

An algorithm, which was reviewed by LBL, is used to develop 
direct and indirect impacts. Algorithm inputs include the connected 
load of the anti-sweat heater as well as the efficiency of the 
compressor. 

The operating factor for humidistat controls is applied twice for no 
discernible reason in the development of indirect energy savings. 
Demand impacts are also affected, as they are derived using the 
final energy savings estimate. Additionally, an inappropriate CDF 
of 0.54 is applied to determine the coincident demand impacts. 

The connected load for the anti-sweat heaters is developed using 
manufactures' data. The Advice Filing only uses values from energy 
efficient systems, and thereby underestimates the humidistat control 
impacts for conventional display cases. 

Direct and indirect impacts were determined using modified inputs 
that account for both conventional and energy efficient display 
cases. The operating factor for the humidistat controls is only 
applied once in the indirect impact calculations. Coincident 
demand impacts are developed with the assumption that the energy 
savings is distributed evenly across the entire year. 

Due to the redundant application of an operating factor, the 
Evaluation estimates are significantly greater than the Advice Filing 
estimates. Evaluation demand and energy estimates are 144% and 
38% greater, respectively. 

Quantum Consulting Inc. B.5-7 Engineering Detailed Computational Methods 



Ref Measures A-J Humidistat 

G) Humidistat Control 

1) Installation of humidistat control devices to regulate display case anti-sweat heaters. 
Controls turn off anti-sweat heaters when ambient relative humidity is low enough that sweating will not occur, 

2) Ex-ente assumptions: 
Door heat load med temp = 
Door heat load low temp = 
Reduction of heater use = 

Compressor efficiency med temp = 
Compressor efficiency low temp = 

Business day = 
Time doors open = 

Refrigeration load due to heaters = 
Door heater usage = 

0.4695 = 

201.36 Btu/hr-ft 
369.0 Btu/hr-ft 
5O% 
7.5 EER 
5.0 EER 
18 hrs 
4 hours 
60% of heater energy 
0.4695 amps/ft 
This value is from the Low Heat/No Heat Refrigeration Case Door spreadsheet, p. RF-31,32. 
0.4695 amps/ft is derived using values associated with energy efficient systems. 
{[(0.117 + 0.91)/2] x 60%} + {[(0.123 + 0.682)/2] x 40%} 

3) Advice Filing Estimates: 
Direct Energy Savings: 

Door Heater Usage = 0.4695 amps/ft x 120 volts x l kW/1,000 Watts 
= 0 .05634 
= 0.05634 kW/ft 

Direct Energy Savings = 0.05634 x 8,760 hrs/yr x 50% 
= 246.8 
= 246.8 kWh/yr 

Indirect Energy Savings: 
Decrease in refrigeration load = 

= 

Mean EER = 
= 

Compressor load savings = 
= 

Impact hours = 
= 

Indirect energy savings = 
= 

= 

(0.05634 kW/ft) x (3,413 Btu/kWh) x 50% x (60% heat transfer to case) 
57.69 
(7.5 EER + 5.0 EER)/2 
6.25 EER 
[(57.69 Btuh/ft)/(6.25 Btuh/Watt)] x 1 kW/1,000 Watts 
0 .00923 

[8,760 hrs/yr - (4 hrs case open x 365 days/yr)} x 50% 
3,650 
3,650 hrs/yr 

0.00923 kW/ft x 3,650 hrs/yr 
33.69 
33.69 kWh/ft-yr 
The operating factor of 50% associated with controls is applied both in the refrigeration load and the impact hours estimates. 
The indirect energy savings should instead be double the reported value 7 or 67.38 kWh/ft-yr. 
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Total Energy Savings: 
= 246.8 kWh/yr + 33.69 kWh/yr 
= 280.49 
= 280.5 kWh/yr 

The total energy savings should be (246.8 kWh/yr) + (67.38 kWh/yr) = 314.2 kWh/yr. 
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Non-coincident Demand Savings: 
Indirect duty cycle savings = 33.69 kWh/ft-yr/5,708 EFLH/yr of operation 

= 0.0059 
See note in indirect energy savings regarding evaluation of this value. 

Direct Demand Savings = 0.05634 kW/ft x 50% 
= 0.02817 

Total Demand Savings = 0.0059 kW/ft + 0.02817 kW/ft 
= 0.03407 
= 0.03407 kW/ft 

Coincident Demand Savings: 
= 0.03407 kW/ft x 0.54 CDF 
= 0.0184 
= 0.0184 kW/ft 

See note in indirect energy savings regarding evaluation of this value. 
The use of a CDF is redundant as the evaluation already takes this into account. 
Both the EFLH used to determine duty cycle savings and the operating factor of 50% used in the 
direct demand savings r take a CDF into account. 

4) Evaluation Estimates: 
Direct Energy Savings: 

Using Advice Filing data from p.RF31-32, door heater usage for standard doors was calculated. 

Door Heater Usage (Standard Doors) = {[(0.280 + 1.225)/2] x 60%} + {[(0.268 + 0.946)/2] x 40%} 
0.6943 
0,6943 amps/ft 

Door Heater Usage (mean) = 

= 

Adjust to kW = 

= 

Assume 50% low heat doors, 50% standard doors to calculate door heater usage. 
This assumption is a conservative estimate, but is not based upon any "hard" data, 
(0.6943 amps/ft + 0.4695 amps/ft)/2 
0.5819 
0.5819 amps/ft 
0.5819 amps/ft x 120 volts x lkW/1,000 Watts 
0.0698 
0.0698 kW/ft 

Direct Energy Savings = 0.0698 kW/ft x 8,760 hrs/yr x 50% 
= 305.7 
= 305.7 kWh/yr 

Indirect Energy Savings: 
Decrease in refrigeration load = (0.0698 kW/ft) x (3,413 Btu/kWh) x (60% heat transfer to case) 

= 142.94 
= 142.94 Btuh/ft 

Mean EER = (7.5 EER + 5.0 EER)/2 
= 6.25 EER 

Compressor load savings = [(142.94 Btuh/ft)/(6.25 Btuh/Watt)] x 1 kW/1,000 Watts 
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= 0.02287 

Impact hours = 3,650 hrs/yr, from Advice Filing 
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Indirect energy savings = 0.02287 kW/ft x 3,650 hrs/yr 
= 83.47 
= 83.47 kWh/ft-yr 

Total Energy Savings: 
305,7 kWh/yr + 83.47 kWh/yr 
389.2 
389 kWh/yr 
This value takes into account the fact that not all of the participants in the program will have low heaUno heat refrigeration doors. 
This value should supersede the Advice Filing estimate. 

Coincident Demand Savings: 
Assume savings is distributed evenly across an entire year. 
(83.47 kWh/ft-yr + 305.7 kWh/ft-yr);(8,760 hrs/yr) 
0.0449 
0.0449 kW/ft 
Recommend using Evaluation estimate as values reflect that not all installations will be on low heat/no heat doors. 

5) Summary of results: 

Impact Type Impact 
(per linear foot) Advice Filing Evaluation 

NC Demand (kW) 0.0341 
Coinc. Demand (kW) 0.0184 0.0449 
Annual Energy (kWh} 281 38 9 
t t t  Using the Evaluation methods, this vaiue is unnecessaryl 

Recommended 
Source 

t t t  
Evaluation 
Evaluation 
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Measure H: Case Lighting, Electronic Ballast 

Measure 
Description: 

Summary of Advice 
Filing Calculations: 

Comments on 
Advice Filing 
Calculations: 

Comments on 
Advice Filing 
Inputs: 

Evaluation Process: 

Additional Notes: 

Replacement of standard lighting ballasts in refrigeration display 
cases with electronic ballasts. 

Demand and energy impacts were determined using the power 
draw of various lamps with both standard and electronic ballasts. 

The method used to develop energy impacts appears valid. 
However, a coincident diversity factor (CDF) is applied to the non- 
coincident impact to develop peak period impacts. This is 
unnecessary, as the lights in a display cases normally operate 
during peak hours. 

Although a spreadsheet (based on manufacture's data) was used to 
derive key engineering inputs, attempts to reproduce these results 
were unsuccessful. 

Energy impacts were calculated using the Advice Filing method, 
and revised inputs. Demand impacts were developed without the 
application of a CDF. 

The Evaluation demand and energy impacts are 74% and 16% 
greater, respectively. 

Quantum Consulting Inc. B.5-8 Engineering Detailed Computational Methods 
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H. Case Lighting, Electronic Ballast 

1) Replacing standard ballasts in refrigeration display cases with electronic ballasts 

2) Ex-ante calculation assumptions: 
Majority of cases have single lamp ballasts. 
Same ballast will run (1)F96HO, (1)F72HO, (1)F60HO, and (2)F48HO lamps. 
Lamps and ballasts rated at 95% of maximum wattage at 78F. 
Average low temperature case is -10 F, medium temperature case is +20 F. 

Note: Baseline at beginning of Advice Filing lists low temp as -23 F and the medium temp range as 9 F-26 F. 
EPRII" Table 6-21, p.6-138 lists med temp as 15 F, and low temp as -25 F. 

Protective sleeve covers will increase bulb wall temp. 10 F above case temperature. 
Lamps and ballasts draw 65% of maximum wattage at 0 F, and 70% of maximum wattage at +30 F. 
20% of display cases are EMS controlled and run 16 hrs/day, 365 days/yr, 80% run continuously for 8760 hrs/yr. 
Majority of participants will be for new cases. 

3) Advice Filing Estimates: 
Non-coincident Demand with a Temperature Correction: 

Medium temperature cases, 800ma = (16 Watts/lamp) x (70%/95%) 
= 11.79 
= 11,8 Watts /lamp 

Low temperature cases, 1,500ma = (14 Watts/lamp) x (65%/95%) 
= 9.58 
= 9.6 Watts /lamp 

Mean NC demand impact= [(11.8 W/lamp + 9.6 W/lamp)/2] x 1 kW/1000 Watts 
= 0.0107 
= 0.0"07 kW/lamp 

Though 16 W and 14 W are listed on the Advice Filing spreadsheet (p.RF-40), the values cannot be recreated. 

Coincident Demand: 
= (0.0107 kW/lamp) x 0.67 CDF 
= 0.0072 
= 0.0072 kW/lamp 

Energy Impacts: 
Average operating hours = (80% x 8,760 hours/year) + (20% x 16 hours/day x 365 days/year) 

= 8,176 
= 8,176 full load hours/year 

Energy Savings = (8,176 hrs/yr x 0.0107 kW/lamp) 
= 87.48 
= 87.5 kWh/year-lamp 
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4) Evaluation Estimates: 

# lamps 
1 
2 
1 
1 
2 
1 
2 

# lamps 
2 
1 
1 

type 
F48 
F48 
F72 
F96 
F96 
F96 
F96 

F96 
F96 
F96 
F96 

type 

F48 
F60 
F72 

lamp watts 

60 
60 
85 

110 
110 
95 
95 

rain temp m. amps 

800 
800 
8OO 
800 
8o0 
8oo  
800 

stnd. bllst 
tot watts 

75 
140 
106 
130 
250 
112 
216 

EE bllst 
tot watts 

72 
136 
102 
123 
241 
106 
210 

average = 

stnd. vs EE 
% chan~le 

4.0% 
2.9% 
3.8% 
5.4% 
3.6% 
5,4% 
2.8% 
4 . 0 %  

elec bllst 
tot watts 

75 
95 
190 
80 
160 

average : 

EE vs. elec 
% chan~le 

26.5% 
22.8% 
21.2% 
24.5% 
23.8% 
2 3 . 7 %  

EE vs. elec 
W/lamp 

27 
28 
26 
26 
25 
2 6  

215 
215 
195 
195 

lamp watts 

6o  
74 
85 

1500 
1500 
1500 
1500 

min temp m. amps 

-2o 8oo 
-20 800 
-20 80o 

230 
470 
209 
408 

stnd, bllst 
tot watts 

140 
100 
106 

Listed as 4.2% 
227 
446 
206 
404 

average = 
EE bllst 

tot watts 
134 
96 

102 

in Advice Filin 
1.3% 
5.1% 
1.4% 
1.0% 
2 . 2 %  

:~, possibly due to rounding. 
200  11.9% 
400 10.3% 
180 12.6% 
350 13.4% 

average : 
elec bllst 
tot watts 

107 
76 
75 

stnd. vs EE 
W saved 

1 2 . 0 %  
EE vs. elec 
W saved 

27 
20 
27  

27  
23 
26 
27 
2 6  

EE vs. elec 
W/lamp 

13.5 
2O 
27  

average = 1 1 1 5 8 6 2 5 2 0 

2 F48 116 -20 1500 241 235 6 211 24  1 2 
1 F60 138 -20 1500 157 153 4 138 1 5 1 5 
1 F72 168 -20 1500 181 176 5 159 1 7 1 7 

average = 1 8 8 5 1 6 9 1 9 1 5 

Recreated from Advice Filing, p. RF-42 
Non-coincident Demand with a Temperature Correction: 

Medium temperature cases, 800ma = (20 Watts/lamp) x (70%/95%) 
= 14.74 
= 14.7 Watts /lamp 

Low temperature cases, 1,500ma = (15 Watts/lamp) x (65%/95%) 
= 10.26 
= 10.3 Watts /lamp 

Mean NC demand impact= [(14.7 W/lamp + 10.3 W/lamp)/2] x 1 kW/1000 Watts 
= 0 .0125 
= 0.0125 kW/lamp 

Recommend using Evaluation estimate as the results are reproducible. 

Coincident Demand: 
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There is no need to apply a CDF. 
Lights that do turn off in the evening will still be on 100% during business hours. 
Recommend using Evaluation estimate to supersede Advice Filing estimate. 
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Annual Energy Impacts: 
= (8,176 hrs/yr x 0.0125 kW/lamp) 
= 102,20 
= 102 kWh/year-lamp 

Recommend using Evaluation estimate to supersede Advice Filing estimate. 

6) Summary of results: 

Impact Type 
(per lamp) 

NC Demand (kW) 
Coinc. Demand (kW) 
Annual Energy (kWh) 

Impact 
Advice Filing Evaluation 

0.0107 0.0125 
0.0072 0.0125 

88 102 

Recommended 
Source 

Evaluation 
Evaluation 
Evaluation 

7) Sources: 
1 EPRI report TR-100984 V1, "Engineering Methods for Estimating the Impacts of Demand-Side Management Programs"; 

Volume 1: Fundamentals of Engineering Simulations for Residential and Commercial End Uses; Electric Power Research Institute, Palo Alto, CA, 1992. 
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3) Advice Filing Estimates: 
All sample calculations are for a 1.5" nominal diameter copper pipe with 3/4" of insulation. 
Calculate bare pipe convect ive heat transfer: 

hcv = 
where: 

hcv = 
C =  
d =  

ta re  = 
At = 

wind = 

From ASHRAEI" p.22.15 
C x [(1/d)^0.2] x [ (1/ tave)^0.181] x (At^0.266) x [1 + 1.277(wind)]^0.5 

heat t ransfer  coeff icient, Btu/hr-sqft-F 
constant, 1.016 for horizontal cyl inders (ASHRAE1- p.22.15) 
diameter of pipe, inches 
average temp of air film, F assumed to be 55 F from Advice Filing p.RF-48 
surface to air temp difference, F (assume surface temp to be same as vapor  temp) 
air speed, mph 

= 1.016 x [ (1/1.625in)^0.2]  x [ (1/55)^0.161] x [(75F - 35F)^0.266]  x [1 + 1.277(0.5mph)]^0.5 
= 1 .524  
= 1.524 Btu/hr-sqf t -F 

Calculate bare pipe radiant heat transfer: 

hrad = 
where: 
hrad = 

e =  
ta = 
ts = 

From ASHRAE1 p.22.15 
{(e x 0.173 x 10^(-8) x [(ta + 459.6)^4 - (ts + 459.6)^4]}/( ta-ts) 

radiant heat t ransfer  coeff icient, Btu/hr-sqft-F 
surface emittance, (0.44 for dull pipe, ASHRAEI  p.22.18) 
air temperature, F 
surface temperature, F (assume to be same temp as vapor  temp) 

= {(0.44 x 0.173 x 10^(-8) x [(75 F + 459.6)^4 - (35 F + 459.6),',4]}/(75 F - 35 F) 
= 0 . 4 1 5 5 5 0 3 2 2  
= 0 .4156 Btu/hr-sqf t -F 

Total bare pipe heat  transfer: 
= hrad + hcv 
= 1.524 Btu/hr-sqft-F + 0.4156 Btu/hr-sqft-F 
= 1 . 9 3 9 6  
= 1.94 Btu/hr-sqf t -F 

Calculate insulated pipe heat transfer: 

qs = 
where: 

qs = 
ti = 

ts = 
k =  

= 

From ASHRAEI  p.208 
(ti - ts)/{[rs x In(rs/ri)/k] + Rs} 

rate of heat t ransfer per unit area of insulation's outer surface, Btu/hr-sqft 
temperature of inner surface, F (assume to be same temp as vapor temp) 
temperature of outer surface, F 
thermal conductivi ty of insulation, Btu-in/hr-sqft-F 
0.27 Btu-in/hr 
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Rs = surface resistance, F-sqft-hr/Btu 

To correct for ambient temp incorporate surface resistance, Rs = 0.65 F-sqft-hr/Btu 
qs = 1/{[1.52 in x In(1.52 in/82 in)/0.27 Btu/hr-sqfl-F] + (0.65 F-sqft-hr/Btu)} 

= 0 . 2 4 2 4 6 0 1 3 3  
= 0.242 Btu/hr-sqft-F 

Calculate Heat Gain for Bare Pipe: 

= (htot, Btu/hr-sqft-F) x At x (area, sqft) 
= 1.94 Btu/hr-sqft-F x 40 F x 0.425 sqft/ft 
= 3 2 . 9 8  
= 32.98 Btu/hr- f t  

Advice Filing, p.RF-48 lists 32.93 Btu/hr 
Dif ference due to rounding. 

Calculate Heat Gain for Insulated Pipe: 
= (htot, Btu/hr-sqft-F) x At x (area, sqft) 
= 0.24 Btu/hr-sqtt-F x 40 F x 0.796 sqft/ft 
= 7 . 7 6 8 9 6  
= 7.77 Btu/hr- f t  

Advice Filing, p.RF-48 lists7.71 Btu/hr 
Dif ference due to rounding. 

Energy Savings: 

Assume all heat gains are directly proport ional to increased demand for the compressor.  
EER= 7.5 Btu/Watt-hr 

= [(32.93 Btu/hr-ft) - (7.77 Btu/hr-ft)] x (1/7.5 Btu/Watt-hr) x 4,960 EFLH 
= 1 6 , 6 7 2  
= 16,672 Watt-hr/f t-yr x 1 kW/1,000 Watts 

Adjust to kWh = 16 .672  
= 16.672 kWh/f t -yr  

Neither coincident nor non-coincident demand savings were calculated. 

4) Evaluation Estimates: 

Pipe Diameter (in) 
Nominal Actual  

0 .38  
0 .50  
0 .75  
0 . 1 0  
1 .25  
1 .50  

0 . 5 0 0  
0 . 6 2 5  
0 . 8 7 5  
1 .125  
1 .375  
1 .625  

Circum. 
( in) 

1.571 
1 .963  
2 . 7 4 9  
3 . 5 3 4  
4 . 3 2 0  
5 . 1 0 5  

sqft per 
l inear foot 

0 .131 
0 .164  
0 . 2 2 9  
0 .295  
0 .360  
0 .425  

Surface 
1.19 
1 .44 
1 .44 
1.44 
1 .75 
1 .75 

Insulation Radius (1") 
Inside Circum (in) 
0 .26  
0 .32  
0 .45  
0 .57  
0 .70  
0 .82  

7 . 4 7 7  
9 . 0 4 8  
9 .048  
9 . 0 4 8  

1 0 . 9 9 6  
1 0 . 9 9 6  

a rea  per ft 
0 . 6 2 3  
0 . 7 5 4  
0 . 7 5 4  
0 . 7 5 4  
0 . 9 1 6  
0 . 9 1 6  
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Recreated using data from Advice Filing, p.RF-50. 

Pipe Diameter (in) 
Nominal 

0.38 
0.50 
0.75 
0.10 
1.25 
1.50 

Actual 
0.500 
0.625 
0.875 
1.125 
1.375 
1.625 

Circum. 
(in) 

1.571 
1.963 
2.749 
3.534 
4.320 
5.105 

sqft per 
linear foot 

0.131 
0.164 
0.229 
0.295 
0.360 
0.425 

Surface 
0.96 
1.16 
1.19 
1.22 
1.49 
1.52 

Insulation Radius (3/4") 
1 

Inside Circum (in) 
0.26 
0.32 
0.45 
0.57 
0.70 
0.82 

6.032 
7.288 
7.477 
7.665 
9.362 
9.550 

area per ft 
0.503 
0.607 
0.623 
0.639 
0.780 
0.796 

Recreated using data from Advice Filing, p.RF-50. 

Calculate convective and radiant heat transfer from bare pipe: 

Pipe Diameter (in) 
Nominal 

0.38 
0.50 
0.75 
0.10 
1.25 
1.50 

Actual 
0.500 
0.625 
0.875 
1.125 
1.375 
1.625 

Medium Temperature (Btu/h 
hcv 

1.930 
1.845 
1.725 
1.641 
1.576 
1.524 

hrad 
0.416 
0.416 
0.416 
0.416 
0.416 
0.416 

"-sqft-F) 
htot hcv brad 

2.281 0.376 
2.181 0.376 
2.039 0.376 
1.939 0.376 
1.863 0.376 
1.802 I 0.376 

2.345 
2.261 
2.141 
2.056 
1.992 
1.940 

Low Temperature (Btu/hr-sqft-F) 
htot  

2.657 
2.557 
2.415 
2.315 
2.239 
2.178 

All sample calculations ere for a 1.5" nominal diameter copper pipe with 314" of insulation. 
Calculate Heat Gain for Bare Pipe: 

= (htot, Btu/hr-sqft-F) x At x (area, sqft) 
= 1.94 Btu/hr-sqft-F x 40 F x 0.425 sqft/ff 
= 32.98 
= 32.98 Btu/hr-ft 

Advice Filing, p.RF-48 lists 32.93 Btu/hr 
Difference due to rounding. 

Calculate insulated pipe 

qs = 
where: 

qs = 
ti = 
ts = 
k =  

= 

heat transfer: 
From ASHRAE1 p.208 
(ti - ts)/[rs x In(rs/ri)/k] 

rate of heat transfer per unit area of insulation's outer surface, Btu/hr-sqft 
temperature of inner surface, F (assume to be same temp as vapor temp) 
temperature of outer surface, F 
thermal conductivity of insulation, Btu-in/hr-sqft-F 
0.27 Btu-in/hr 

qs = (35 F - 75 F)/[1.52 in x In(1.52 in/0.82 in)/0.27 Btu/hr-sqft-F] 
= -11.51281434 
= 11.513 Btu/hr-sqft 
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To correct for surface resistance (Rs) use values from A S H R A E t  Fig.6, p.22.15 
If qs = 11.513, Rs = 0.72 

qs = (35 F - 75 F)/{[1.52 in x In(1.52 in/0.82 in)/0.27 Btu/hr-sqft-F] + 0.72F-sqft-hr/Btu 
= - 9 . 5 3 6 5 4 9 0 0 9  
= 9.537 Btu/hr-sqf t  

Calculate Heat Gain for Insulated Pipe: 
= (qs, Btu/hr-sqft)  x sqft/ft 
= 9.537 Btu/hr-sqft  x 0.796 sqft/ f t  
= 7 . 5 9 1 4 5 2  
= 7.591 Btu/hr- f t  

Advice Filing, p.RF-48 lists 7.71 Btu/hr 
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Energy Savings: 

Assume all heat gains are directly proportional to increased demand for the compressor. 
EER= 7.5 Btu/Watt-hr 

= [(32.98 Btu/hr-ft) - (7.591 Btu/hr-ft)] x (1/7.5 Btu/Watt-hr) x 4,960 EFLH 
= 16,791 
= 16,791 Watt-hr/ft-yr x 1 kW/1,000 Watts 

Adjust to kWh = 16.791 
= 16.791 kWh/ft-yr 

Advice Filing lists 16.67 kWh/ft-yr 

Coincident Demand Savings: 

Assume that savings are spread evenly across an entire year. 
= (16.791 kWh/ft-yr)/8,760 hrs/yr 
= 0.00192 
= 0.00192 kW 

Low Temperature Estimates 
Nominal Pipe 
Diameter (in) 

0.38 
0.50 
0.75 
0.10 
1.25 
1.50 

Una~usted qs 
(Btu/hr-sqft) 

5.967 
4.986 
6.448 
8.093 
6.735 
8.141 

Average = 6.73 
Rs = 0.75 

Heat Gain(ba~) 
(Btu/hr-ft) 

26.084 
31,384 
41.498 
51.147 
60.453 
69.491 

Hem Gain (ins) 
(Btu/hr-ft) 

6.269 
6.447 
8.132 
9.933 

10.274 
12.134 

Energy Savings 
(kWh) 

19.656 
24.738 
33.099 
40.884 
49.778 
56.898 

Average = 37.51 

Demand Savings 
(kW) 

0.002244 
0.002824 
0.003778 
0.004667 
0.005682 
0.006495 

0.00428 

Nominal Pipe 
Diameter (in) 

0.38 
0.50 
0.75 
0.10 
1.25 
1.50 

Unadjusted qs 
(Btu/hr-sqft) 

8.612 
7.229 
9.333 

11.633 
9.595 

11.513 
Avenge = 9.65 

Rs= 0.72 

Medium Temperature 
Hem Gain (bare) 

(Btu/hr-ft) 
12.279 
14.798 
19.616 
24.225 
28.678 
33.011 

Estimates 
Heat Gain (ins) 

(Btu/hr-ft) 
3.748 
3.885 
4.979 
6.144 
6.383 
7.590 

Energy Savings 
(kWh) 
5.642 
7.217 
9.680 

11.957 
14.745 
16.812 

Average = 11.01 

Demand Savings 
(kW) 

0.000644 
0.000824 
0.001105 
0.001365 
0.001683 
0.001919 

0.00126 

Average Energy Savings: 
= (80% x 11.01 kWh/yr) + (20% x 37.51 kWh/yr) 
= 16.31 
= 16.31 kWh/yr 
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Average Coincident Demand Savings: 
= (80% x 0,00126 kW) + (20% x 0.00428 kW/yr) 
= 0.001864 
= 0.00186 kW/yr 

5) Summary of results: 

Impact Type Impact 
(per l inear foot) Advice Filing Evaluation 

NC Demand {kW) 
Coinc. Demand (kW) =i 0.00186 
Annual Energy (kWh) 16.02 I 16.31 

Recommended 
Source 

Evaluation 
Evaluation 

6) Sources: 
1" ASHRAE Handbook, "Fundamentals"; American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. 

Atlanta, GA, 1989. 
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Measure J: Multiplex Compressor System 

Measure 
Description: 

Summary of Advice 
Filing Calculations: 

Comments on 
Advice Filing 
Calculations: 

Comments on 
Advice Filing 
Inputs: 

Evaluation Process: 

Additional Notes: 

Replacement of equally sized conventional compressor systems 
with multiplex systems for a supermarket application. 

Energy and demand impacts are based upon average system-wide 
savings as reported by EPRI. 

Review of the Advice Filing estimates indicate that the effects of 
ambient and mechanical subcooling were included in the impact 
estimate. Program documentation, however, does no t specify 
subcooling as a necessary component of the multiplex system. 

While the inputs are substantiated by the cited documentation, the 
inclusion of ambient and mechanical subcooling impacts is not 
consistent with the policy and procedures for the measure. 

Using the same sources cited in the Advice Filing, energy and 
demand impacts were developed, without ambient and mechanical 
subcooling. 

The Evaluation estimates were smaller than the Advice Filing. 
Energy and demand impacts were reduced by 7% and 57%, 
respectively, due to the exclusion of subcooling impacts. 
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Ref Measures A-J Multiplex Comp. 

J. Multiplex Compressor System 

1) Replacement of equally sized conventional compressor systems with multiplex systems for a supermarket application. 

2) Ex-ante calculation assumptions: 
Lower limit savings 10% 
Upper limit savings 27% using additional controls 
15.1% savings cited from EPRI* p. ES-15. 

This includes savings due to ambient and mechanical subcooling, (something that is not a requirement for 
participation in this program). 

Best judgment savings is 13%, with floating head pressure control. 
Competitekt p.190, cites energy savings of 13.7% for a monitored Safeway store. 

3) Advice Filing Estimates: 
Energy Savings: 

Annual Energy Savings = 

Baseline energy use, conventional system = 2,141 kWh/day EPRI* Table 3-4, p. 3-7 
Daily Energy Savings = 15.1% x 2,141 kWh/day 

= 323 
Advice filing cites 325 kWh/day, which is prorated from the total savings of 497 kWh/day (23.2%). 
Value taken from EPRI* Table ES-4, p. ES15 
(325 kWh/day) x 365 day/yr 

= 118,625 
= 118,625 kWh/yr 

Rated Capacity = 
= 

= 

(808,220 BTU/hr)/12,000 BTU/ton 
67.35 
67.35 tons for new Multiplex Compressors 

Annual Savings per Ton = (118,625 kWh/yr)/67.35 tons 
= 1,761 
= 1,761 kWh/ton-yr 

Savings Prorated = 
= 

= 

(1,761 kWh/ton-yr) x (13% best judgement/15.1% EPRI CU-6268) 
1,516 
1~516 kWh/ton-yr 

Coincident Demand Savings: 
= 29.3 kW, a 25.6% savings 

Value taken from EPRI* Table ES-5, p. ES17 
= 29.3 kW/67.35 tons 
= 0.435 
= 0.435 kW/ton rating of new compressors 

Savings Prorated = (0.435 kW/ton) x (13%/15.1%) 
= 0.375 
= 0.375 kW/ton 

Non-coincident Demand Savings: 
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Ref Measures A-J Multiplex Comp. 

The Advice Filing back calculates the non-coincident demand savings value by applying a 0.54 CDF 
= (0.375 kW/ton) x (1/0.54 CDF) 
= 0.694 
= 0.694 kW/ton 
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Ref Measures A-J Multiplex Comp. 

4) E v a l u a t i o n  E s t i m a t e s :  

Energy Savings: 

Daily Energy Savings = 

= 

Baseline energy use, conventional system = 2,141 kWh/clay EPRI* Table 3-4, p. 3-7 
12.1% x 2,141 kWh/day 
259 
EPRI* Table ES-5, p. ES-17 indicates that a multiplex system, with floating head pressure control should 
save 12.1% of the energy use of a conventional system. 

Annual Energy Savings = 

= 

= 

(259 kWh/day) x 365 day/yr 
94,535 
94,535 kWh/yr 

Annual Savings per Ton = 
= 

(94,535 kWh/yr)/67.35 tons 
1,404 
1,404 kWh/ton°yr 
The Evaluation Estimate uses the same source of information as the Advice Filing, but without including energy 
savings for ambient and mechanical subcooling. 
Recommend that Evaluation Estimate supersede Advice Filing Estimate, as the program only requires floating head 
pressure installation, and does not specify subcooling. 

Non-coincident Demand Savings: 
Use full load operating hours cited in the Advice Filing baseline, p. RF-6. 

= (1,404 kWh/ton-yr)/(4,960 mean full load operating hours/year) 
= 0.283 
= 0.283 kW/ton 

Coincident Demand Savings: 
Using EPRI* = 24.5 kW, a 21.4% savings. 

Value taken from EPRI* Table ES-5, p. ES17 
= 24.5 kW/67.35 tons 
= 0.364 

While 0.364 kW/ton is a more conservative estimate, it is suspect. 
EPRI* cites a 1.4 kW impact due to the use of floating head pressure. This might be true for the winter months when much of the testing 
of the floating head pressure system was done, however this would not be true for PG&E's peak load hour which would occur in the summer. 

Assume energy savings is distributed evenly over an entire year. 
(1,404 kWh/ton-yr)/8,760 hrs/yr 
0.160 
0.160 kW /ton 
This represents the most conservative demand estimate method. 
The non-coincident demand savings estimate represents the demand estimate method with the highest impact. 
The demand estimate derived from EPRI* Table ES-5, p. ES-17 is outside the range of these two estimates. 

Greatest Impact = 0.283 kW/ton 
Least impact = 0.160 kW/ton 

Reported Impact = 0.364 kW/ton 
This discrepancy in the EPRI* reported values for demand and energy should be investigated further. 
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Ref Measures A-J Multiplex Comp. 

5) Summary of Results: 

Impact Type 
(per ton) 

NC Demand (kW) 
Coinc. Demand (kW) 
Annual Energy (kWh) 

Impact 
Advice Filing Evaluation 

0.694 0.283 
0.375 0.160 
1,516 l f404 

Recommended 
Source 

Evaluation 
Evaluation 
Evaluation 

6) Sources: 
* Foster Miller. 1989. "Supermarket Refrigeration Modeling and Field Demonstration," (prepared for the Electric Power Research Institute, 

(Palo Alto, CA) EPRI report CU-6268), Waltham, MA, March. 
t Shepherd, Michael, Amory Lovins, et al. 1990. "The State of the Art: Appliances," Competitek, Rocky Mountain Institute, Snowmass, CO, August, 

t t  LBL 1985. Usibelli, A., et al. :Commercial Sector Conservation Technologies," Lawrence Berkeley Laboratory, LBL 18543, Berkeley, CA February. 
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Measure K: Electronic Adjustable Speed Compressor 

Measure 
Description: 

Summary of Advice 
Filing Calculations: 

Comments on 
Advice Filing 
Calculations: 

Comments on 
Advice Filing 
Inputs: 

Evaluation Process: 

Additional Notes: 

Provides an incentive to install a controller to convert an existing 
fixed speed compressor to an adjustable speed compressor, or to 
replace an existing compressor with a compressor that has an 
adjustable speed drive (ASD). 

Energy impacts were developed using a best judgment savings 
value derived from a number of sources. No demand impacts were 
developed. 

Impacts do not take into account the baseline motor efficiency. 

The sources cited in the Advice Filing were unavailable, and so 
could not be verified. No alternate sources were located. 

Energy impacts were developed using a 90% baseline motor 
efficiency. Demand impacts were assumed to be spread evenly 
across an entire year. 

The Evaluation energy estimate was 11% greater than the Advice 
Filing estimate. 

Quantum Consulting Inc. B.5-11 Engineering Detailed Computational Methods 



Ref Measures K-T ASD 

K. Electronic Adjustable Speed Compressor 

1) Provides an incentive to install a controller to convert an existing fixed speed compressor to an adjustable speed compressor, 
or replace an existing compressor with a compressor that has an adjustable speed drive (ASD), 

Existing compressor must be on a non-multiplexed refrigeration unit. 
Existing compressor must be 5 hp or more with a halocarbon refrigerant. 

2) Ex-ante calculation assumptions: 
Savings range from 7% to 30%, depending on the type of refrigeration system. 
Best judgment estimate for compressor energy savings is 12.5%. 
Average annual compressor operating hours is 4,960. 
Baseline power draw is 0.746 kW/hp. 

3) Advice Filing Estimates: 
Energy Savings: 

= 4,960 hrs x 12.5% x 0.746 kW/hp 
= 462.52 
= 462.5 kWh/yr-hp 

Neither coincident nor non-coincident demand impacts were developed. 

4) Evaluation Estimates: 
Energy Savings: 

The Advice Filing estimate does not take into account the baseline motor efficiency in determining impacts. 
5 hp and greater motor efficiencies range from 85% to 95%. 
Using a mean value of 90% the following equation can be applied. 

= 12.5% x [(4,960 hrs x 0.746 kW/hp)/90%] 
= 513.9 
= 513.9 kWh/yr-hp 

Coincident Demand Savings: 
Assume energy savings is spread evenly across an entire year. 

= (513.9 kWh/yr-hp)/(8,760 hrs/yr) 
= 0.0587 
= 0.0587 kW/hp 

5) Summary of results: 

Impact Type I Impact ] Recommended I 
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Ref Measures K-T ASD 

(per horsepower) 
NC Demand (kW) 
Coinc. Demand (kW) 
Annual Energy (kWh) 

Advice Filing 

462.5 

Evaluation Source 

0.0587 Evaluation 
513.9 Evaluation 
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Measure M: Mechanical Subcooler 

Measure 
Description: 

Summa ry of Advice 
Filing Calculations: 

Comments on 
Advice Filing 
Calculations: 

Comments on 
Advice Filing 
Inputs: 

Evaluation Process: 

Additional Notes: 

Installation of a mechanical subcooler for a low temperature 
refrigeration system. 

A bin analysis method was used to develop demand and energy 
impacts. 

The Advice Filing method could not be reproduced due to 
inadequate documentation contained in that report. 

Inputs used in the estimates were not included in the Advice Filing, 
and therefore could not be verified. 

An Evaluation estimate was not developed. 

Demand impacts were developed using a CDF of 0.54, which may 
be inappropriate given the methods used. Without additional 
documentation, however, a more thorough analysis could not be 
performed. 
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Ref Measures K-T Subcooler (mech) 

M. Mechanical Subcooler 

1) Installation of a mechanical subcooler in a low temperature refrigeration system. 
Savings result from providing a greater capacity to the low temperature system at a higher total system efficiency. 
Lower discharge gas temperature in subcooled units leads to lower power use. 

2) 

3) 

Ex-ante calculation assumptions: 
Air-cooled condensers design for a 15 degree temperature difference. 
Suction temperature is -25 F. 
Subcooling temperature is 40 F. 
Travis AFB weather is used as a PG&E system average. 
Peak demand savings are averaged over the three highest temperature bins. 
The condensing temperature for an air-cooled unit is the dry bulb temperature plus 20 F. 
The condensing temperature for an evaporative-cooled unit is the wet bulb temperature plus 15 F. 

Advice Filing Estimate: 
A bin analysis method was used to determine demand and energy impacts. 
Inputs in the bin analysis method included: 

Bin weather data 
Type of condenser, either air-cooled or evaporative-cooled. 
Average system operating capacity 
Evaporator efficiency 
Suction line superheat 
Compressor efficiency 
Subcooling temperature 
Subcooler capacity. 

Analysis Method: 
The following steps were implemented sequentially: 

Mid-point dry bulb temperature and coincident wet bulb temperature determined for each bin. 
Standard and subcooled enthalpies found from refrigerant tables. 
Standard and subcooled mass flow rates found from tons (of heat) rejected and enthalpy difference between 
suction and evaporation conditions. 
Enthalpy was determined for discharge gas conditions. 
Associated power calculated from mass flow and enthalpy difference between discharge and suction conditions for 
standard and subcooled cases. 
Additional power consumption is subcooler cycle calculated from subcooler mass flow rate and the enthalpy difference. 
Demand savings calculated as standard cycle power draw minus subcooled cycle power draw. 
Energy estimates calculated as difference in total power draw times the number of hours for a given bin. 
Calculations completed for various refrigeration system sizes, and an average value was used to determine impacts per year-ton. 
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Ref Measures K-T Subcooler (mech) 

4) 

Analysis Results: 
Capacity Savings 

kWh/yr-ton kW/ton 
15 tons 589.73 0.6089 
30 tons 589.73 0.6089 
50 tons 589.72 0.6087 
Average 589.7 0.6088 

Evaluation Estimate: 
Advice Filing estimates could not be reproduced due to inadequate documentation contained in the report. 

Further analysis is required to determine the accuracy of the Advice Filing coincident demand impacts. A CDF of 0.54 was applied to the 
NC demand impacts, which may not be appropriate given the methods used. Without additional documentation, however, a more thorough 
analysis of the coincident impacts could not be performed. 

5) Summary of results: 

Impact Type 
(.per ton) 

NC Demand (kW) 
Coinc. Demand (kW) 
Annual Energy (kWh) 

Impact 
Advice Filing 

0.6088 
0.3288 
589.7 

Evaluation 
Recommended 

Source 
Advice Filing 
Advice Filing 
Advice Filing 
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Measure N: Floating Head Pressure Control 

Measure 
Description: 

Summary of Advice 
Filing Calculations: 

Comments on 
Advice Filing 
Calculations: 

Comments on 
Advice Filing 
Inputs: 

Evaluation Process: 

Additional Notes: 

Installation of a floating head pressure control which allows the 
condensing temperature to "float" below a conventional set 
minimum condensing temperature setpoint when the ambient 
temperature is lower than design conditions. 

Energy impacts were developed using a best judgment savings 
value derived from a number of sources. No demand impacts were 
developed. 

Review of the sources cited in the Advice Filing indicates that the 
savings value used is conservative and is substantiated by the 
references. 

An Evaluation estimate was not developed. 

Demand impacts were not developed as floating head pressure 
controls are effective only during periods of low ambient 
temperature. 

Quantum Consulting Inc. B.5-13 Engineering Detailed Computational Methods 



Ref Measures K-T Floating Head 

N. Floating Head Pressure Control 

Retrofit allows the condensing temperature (c'r) to "float" below a conventional set minimum condensing temperature setpoint 
when the ambient temperature is lower than design conditions 

Lowering of condensing temperature saves energy 
Retrofit minimum CT set points should be 70 F for haloca~on, 60 F for ammonia 

2) Ex-ante calculation assumptlons: 
Typical setting for CT iS 82 degrees for halocarbon systems 
Typical setting for CT is 78 degrees for ammonia systems 
Ambient temperatures will only be cold enough in the winter months, half of the year 
Baseline compressor energy consumption is 9,137 kWh/yr-ton 
A review of this calculation of compressor energy usage from EPRI CU-6268" actually yields 9,141 kWh/yr-ton. ) 
Energy savings is assumed to be 8% of compressor use 
Energy savings is assumed to be the same for ammonia and haloca~on systems 

3) Advice Filing Estlm~es: 
Energy Savings: 

= (0.06"9,137 kWhlyr-ton) 
= 548.220 
= 548 kWh/yr-ton 

Using 9,141 kWhJyr-ton does not change this value. 

Demand Savinqs: 
lNo demand savings as there is no "floating" unless ambient temperatures are low. 

4) Evaluation Estimates: 
Estimates for energy savings associated with floating head pressure range trom 2% (EPRI CU-6268" p.ES-15) to 15% (LBLt p.3-B) 
Review of all sources indicates that the value used in the Advice Filing is a conservative one, and is substantiated 
by the references cited 

5) Summary of results: 

Impact Type 
(per ton) 

NC Demand (kW) 
Coinc Demand (kW) 
Annual Energy (kWh) 

Impact 
Advice Filing Evaluation 

548 

Recommended 
Source 

Advice Filing 
Advice Filing 
Advice Filing 

6) Sources: 
• Walker D, EPRI Report CU-6268, "Supermarket Refrigeration Modeling and Field Demonstration" Prepared for the Electnc Power Research Institute, 

Palo Alto, CA Foster-Miller, Inc Wltham MA March 1989 

"I" Usibelli, et al. LBL-18543, "Commercial-Sector Conservation Technologies'. Prepared for Pacific Gas and Electdc Co. San Francisco, CA. Lawrence Berkeley Labs, Berkeley, CA. February 1985. 
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Measure O: Cooler or Freezer Door Gaskets 

Measure 
Description: 

Summary of Advice 
Filing Calculations: 

Comments on 
Advice Filing 
Calculations: 

Comments on 
Advice Filing 
Inputs: 

Evaluation Process: 

Additional Notes: 

Replacement of worn-out gaskets with new gaskets on walk-in 
doors for coolers or freezers. 

Used an equation from ASHRAE Refrigeration Handbook to 
determine infiltration loads associated with a faulty gasket for both a 
cooler and a freezer. Energy and demand impacts were determined 
using infiltration loads, the efficiency of the refrigeration system, and 
the hours that infiltration occurs. 

Program review has shown that the ASHRAE method was 
incorrectly applied. 

The value used for the average door area was inconsistent with 
other measures, and was determined to be too small. Review of 
the hours that infiltration would occur revealed that they are 
underestimated. 

Energy and demand impacts were developed using the correctly 
applied ASHRAE equation and the modified inputs. 

The Evaluation estimates for energy and demand are 102% and 
146% greater than the Advice Filing estimates, respectively. 
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Ref Measures K-T Door Gasket 

O. Cooler or Freezer Door Gaskets 

1) Replace worn-out gaskets with new gaskets on walk-in door for coolers or freezers. 

2) Ex-ante calculation assumptions: 
Cooler/ freezer door intentionally open 3 hr/day or 1,095 hours/yr 
Door is assumed to be ajar for 25% of the rest of time, or 1,915 hours/yr 
Impact is over  the remaining 5,750 hours/year 
Typical door perimeter, 16 ft 
Door dimensions, W = 2ft x H = 6ft 
Cooler temp. = 40 F, Freezer temp.=  0 F 
Kitchen temp. = 70 F, relative humidity 60% 
A faulty gasket allows 3% of the load gained from a fully open door. 
Cooler performance factor is 1.6 kW/ton; freezer performance factor 2.4 kW/ton 
80% of installations are coolers, 20% freezers 

3) Analysis of ex-ante assumptions: 
Door dimensions are unreasonable. A six foot cook (not uncommon) could not fit through this door comfortably 
Additionally, this is inconsistent with the methods used in the evaluation of other programs. 
A 3 foot x 7 foot door was used to calculate for strip curtain impacts for walk-in coolers, Advice Filing, p. RF-16 
Proposed dimensions: Width = 3ft x Height = 7ft, a very conservative estimate. 

Convert performance factor into EER: 
Cooler performance factor = 1.6 kW/ton 

= 1/[1.6 kW/ton x (1 ton/12,000 Btuh) x 1000 Watts/kW] 
= 7.5 
= 7.5 EER (Btuh/Watt) 

Freezer performance factor = 
= 

= 

= 

2.4 kW/ton 
1/[2.4 kW/ton x (1 ton/12,000 Btuh) x 1000 Watts/kW] 
5.0 
5.0 EER (Btuh/Watt) 
Both performance factors are reasonable. 
EPRI TR 100894, V l1  lists a range of 3.9 EER to 4.7 EER for low temp. freezers and 7.6 EER to 9.6 EER for medium temp. coolers. 

4) Advice Filing Estimates: 

Infiltration by air exchange, according to 1990 ASHRAE Handbook-Refrigeration, p. 27.3-4 
qt = 3,790 x W x H^1.5 x (Q/A) x ( l /R )  x Dt x Df 

where: 
qt = average heat gain in a period (Btu/h) 
W = door width 
H = door height 
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Ref Measures K-T Door Gasket 

Q/A = sensible heat load of infiltration per square foot of doorway 
R = sensible heat ratio of the infiltration air heat gain 

Dt = door open time factor 
Df = door flow factor 

This version of the equation excludes an important parameter that should be retained for calculations. 
qt = 3,790 x W x H^1.5 x (Q/A) x ( l /R)  x Dt x Df x ( l -E)  

where: 
E = effectiveness of doorway protective device (0 = unobstructed doorway) 

Advice Filing assumes that a door with a faulty gasket is 97% effective in reducing infiltration. 

Demand savings for coolers: 
Dt = 
Df = 

Q/A = 
R= 

q t =  

Demand Savings = 

5,750 hrs/8,760 hrs 
(0.80 flow factor x 3% savings assumption) 
0.155 tons/sqft 
0 .59 
3,790 x 2ft x (6^1.5ft) x (0.155 tons/sqft) x (1/0.59) x (5,750 hr/8,760 hr) x (0.80 x 0.03) 
461 
(461 Btu/h) x (1ton-hr/12,000 Btu) x (1.6 kW/ton) 
0.061 
0.061 kW 

Demand savings for freezers: 
Q/A = 0.62 tons/sqft 

R= 0 .63  
qt = 3,790 x 2ft x (6Al.5ft) X (0.62 tons/sqft) x (1/0.63) x (5,750 hr/8,760 hr) x (0.80*0.03) 

= 1,727 
Demand Savings = (1,727 Btu/h) x (1ton-hr/12,000 Btu) x (2.4 kW/ton) 

= 0 .345 
= 0.345 kW 

Advice Filing, p.RF-74 lists 0.346 kW. 

Annual Energy Savings: 
Energy Savings = [(0.061 kW x 0.80)+(0.345 kW x 0.20)] x 8,760 hr/yr 

1 ,032 
1,032 kWh/yr 
Advice Filing, p.RFo74 lists 1,035 kWh. 
Difference is due to using 0.345 kW instead of 0,346 kW 

Non-coincident Demand Savings: 
= (1,032 kWh/yr)/5,750 hrs door closed/year 
= 0 .179  
= 0.179 kW 
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Ref Measures K-T Door Gasket 

Advice Filing, p.RF-74 lists 0.179 kW 
Difference is due to using 0.345 kW instead of 0.346 kW 

Coincident Demand Sav!ngs: 
= 0.179 kW x 0.54 CDF 
= 0.097 
= 0.097 kW 

5) Evaluation Estimates: 
The equation used in the Advice Filing excludes an important parameter that should be retained for calculations. 

qt = 3,790 x W x HAI.5 x (Q/A) x ( l /R)  x Dt x Df x ( l -E)  
where: 

E = effectiveness of doorway protective device (0 = unobstructed doorway) 
Advice Filing assumes that an faulty gasket is 97% effective in reducing infiltration. 
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Ref Measures K-T Door Gasket 

Demand savings for coolers: 
Dr= 1.0 

The impact is initially calculated with the assumption that the impact is for an entire hour. 

Df = 0.80 flow factor 
E = 97% according to Advice Filing, p. RF-76 

Q/A = 0.16 tons/sqft according to ASHRAE* Fig. 3, p. 26.4 
R = 0.59 according to ASHRAE* Table 7, p. 26.4 

Note that the Df value is separated from the effectiveness term. 
The net result is the same, but the Evaluation Estimate is in compliance with the ASHRAE" method. 

qt = 3,790 x 3ft x (7^1.5ft) x (0.16 tons/sqft) x (1/0.59) x 1.0 x (0.80 flow factor) x (1 - 97%) 

= 1,371 
NC Demand Savings= (1,371 Btu/h) x (1ton-hr/12,000 Btu) x ( l .6.kW/ton) 

= 0.183 
= 0.183 kW 

Again, this impact is for an entire hour. 

Demand savings for freezers: 
Dt = 1.0 

The impact is initially calculated with the assumption that the impact is for an entire hour. 

Q/A = 0.61 tons/sqft according to ASHRAE* Fig. 3, p. 26.4 
R = 0.63 according to ASHRAE" Table 7, p. 26.4 

qt = 3,790 x 3ft x (7^1.5ft) x (0.61 tons/sqft) x 1.0 (1/0.63) x (0.80 flow factor) x (1 - 97%) 

= 4,893 
NC Demand Savings = (4,893 Btu/h) x (1ton-hr/12,000 Btu) x (2.4 kW/ton) 

= 0.979 
= 0.979 kW 

Again, this impact is for an entire hour. 

Total Non-coincident Demand Savings: 
= (0.183 kW x 0.80)+(0.979 kW x 0.20) 
= 0.342 
= 0.342 kW 

Evaluation estimate should supersede Advice Filing value. 

Annual Energy Savings: 

Hours Door Left Ajar = (365 day/yr x 20 hr/day) - (1,095 hr/yr door open) 
= 6,205 
= 6,205 hrs x 25% chance ajar 
= 1,551 

Hours for potential savings = 8,760 hrs - 1,551 hrs - 1,095 hrs 
= 6,114 
= 6,114 hrs/yr 
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Ref Measures K-T Door Gasket 

Annual Energy Savings= 0.342 kW x 6,114 hrs/yr 
= 2,091 
= 2,091 kWh/yr 

Evaluation Estimate should supersede Advice Filing value. 
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Ref Measures K-T Door Gasket 

Coincident Demand Savings: 
For a given hour in the year, the chance that a door will be closed is the CDF. 

= 0.342 kW x (6,114 hrs/yr door closed)/(8,760 hrs/yr) 
= 0.239 
= 0.239 kW 

Evaluation Estimate should supersede Advice Filing value. 

6) Summary of results: 

7) 

Impact Type 
(per walk-in) 

NC Demand (kW) 
Coinc. Demand (kW) 
Annual Energy (kWh) 

Impact 
Advice Filing Evaluation 

0.180 0.342 
0.097 0.239 
1,035 2,091 

Recommended 
Source 

Evaluation 
Evaluation 
Evaluation 

Sources: 
1 EPRI report TR-100984 V1, "Engineering Methods for Estimating the Impacts of Demand-Side Management Programs"; 

Volume 1: Fundamentals of Engineering Simulations for Residential and Commercial End Uses; Electric Power Research Institute, Palo Alto, CA, 1992. 

* ASHRAE Handbook, "Refrigeration Systems and Applications"; American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. 
Atlanta, GA, 1994 
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Measure P: Auto-Closer for Cooler or Freezer 

Measure 
Description: 

Summary of Advice 
Filing Calculations: 

Comments on 
Advice Filing 
Calculations: 

Comments on 
Advice Filing 
Inputs: 

Evaluation Process: 

Additional Notes: 

Installation of an automatic, hydraulic-type door closer on doors to 
walk-in coolers or freezers. The purpose of this measure is to 
reduce the loads caused by infiltration when a walk-in door is 
inadvertently left ajar. 

Used an equation from ASHRAE Refrigeration Handbook to 
determine infiltration loads associated with an open door for both a 
cooler and a freezer. Energy and demand impacts were determined 
using infiltration loads, the efficiency of the refrigeration system, and 
the time that the door was assumed to be ajar. 

Program review has shown that the ASHRAE method was 
incorrectly applied. 

The value used for the average door area was inconsistent with 
other measures, and was determined to be too small. The hours 
that a door is left ajar are overestimated. 

Energy and demand impacts were developed using the correctly 
applied ASHRAE equation and the modified inputs. 

While the Evaluation energy impact is 53% greater than the Advice 
Filing impact, the demand impact is 12% smaller than the Advice 
Filing impact. 
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Ref Measures K-T Auto-Closer 

P. Auto-Closer for Cooler or Freezer 

1) Install an automatic, hydraulic-type door closer on doors to walk-in coolers and freezers 

2) Ex-ante calculation assumptions: 
Cooler/freezer door intentionally open 3 hr/day or 1,095 hours/yr 
Door is assumed to be ajar for 25% of the rest of time, or 1,915 hours/yr 
Typical door perimeter, 16 ft 
Door dimensions, W = 2ft x H = 6ft 
Cooler temp. = 40 F, Freezer temp. = 0 F 
Kitchen temp. = 70 F, relative humidity 60% 
An ajar door allows 20% of the load gained from a fully open door. 
Cooler performance factor is 1.6 kW/ton; freezer performance factor 2.4 kW/ton 
80% of installations are coolers, 20% freezers 

3) Analysis of ex-ante assumptions: 
Door dimensions are unreasonable. A six foot cook (not uncommon) could not fit through this door comfortably 
Additionally, this is inconsistent with the methods used in the evaluation of other programs. 
A 3 foot x 7 foot door was used to calculate for strip curtain impacts for walk-in coolers, Advice Filing, p. RF-16 
Proposed dimensions: Width = 3ft x Height = 7ft, a very conservative estimate. 

Convert performance factor into EER: 
Cooler performance factor = 1.6 kW/ton 

= 1/[1.6 kW/ton x (1 ton/12,000 Btuh) x 1000 Watls/kW] 
= 7.5 
= 7.5 EER (Btuh/Watt) 

Freezer performance factor = 
= 

= 

2.4 kW/ton 
1/[2.4 kW/ton x (1 ton/12,000 Btuh) x 1000 Watts/kW] 
5.0 
5.0 EER (Btuh/Watt) 
Both performance factors are reasonable. 
EPRI TR 100894, V l1  lists a range of 3.9 EER to 4.7 EER for low temp. freezers and 7.6 EER to 9.6 EER for medium temp. coolers. 

4) Advice Filing Estimates: 

Infiltration by air exchange, according to 1990 ASHRAE Handbook-Refrigeration, p. 27.3-4 
qt = 3,790 x W x H^1.5 x (Q/A) x ( l /R )  x Dt x Df 

where: 
qt = average heat gain in a period (Btu/h) 
W = door width 
H = door height 

Q/A = sensible heat load of infiltration per square foot of doorway 

2 / 2 / 9 7  Page 12 9:49 PM 



Ref Measures K-T Auto-Closer 

R = sensible heat ratio of the infiltration air heat gain 
Dt = door open time factor 
Df = door flow factor 

This version of the equation excludes an important parameter that should be retained for calculations. 
qt = 3,790 x W x H^1.5 x (Q/A) x ( l /R)  x Dt x Df x ( l -E)  

where: 

E = effectiveness of doorway protective device (0 = unobstructed doorway) 
Advice Filing assumes that an ajar door is 80% effective in reducing infiltration. 
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Ref Measures K-T Auto-Closer 

Demand savings for coolers, when door is left ajar: 
Dt=  1,915 hrs/8,760 hrs 
Df = (0.80 flow factor x 20% savings assumption) 

Q/A = 0.155 tons/sqft 
R= 0.59 

qt = 3,790 
= 1,024 

Demand Savings = (1,024 
= 0.137 
= 0.137 

x 2ft x (6^1.5ft) x (0.155 tons/sqft) x (1/0.59) x (1,915 hr/8,760 hr) x (0.80 x 0.20) 

Btu/h) x (1ton-hr/12,000 Btu) x (1.6 kW/ton) 

kW 

Demand savings for freezers, when door is left ajar: 
Q/A = 0.62 tons/sqft 

R= 0.63 
qt = 3,790 x 2ft x (6^1.5ft) x (0.62 tons/sqft) x (1/0.63)" x (1,915 hr/8,760 hr) x (0.80*0.20) 

= 3,835 
Demand Savings = (3,835 Btu/h) x (1ton-hr/12,000 Btu) x (2.4 kW/ton) 

= 0.767 
= 0.767 kW 

Annual Energy Savings: 
Energy Savings = [(0.137 kW x 0.80)+(0.767 kW x 0.20)] x 8,760 hr/yr 

= 2,304 
= 2,304 kWh/yr 

Non-coincident Demand Savings: 
= (2,304 kWh/yr)/1,915 hours door ajar/year 
= 1.203 
= 1.203 kW 

Coincident Demand Savings: 
= 1.203 kW x 0.54 CDF 
= 0.650 
= 0.650 kW 

5) Evaluation Estimates: 
The equation used in the Advice Filing excludes an important parameter that should be retained for calculations. 

qt = 3,790 x W x H^1.5 x (Q/A) x ( l /R)  x Dt x Df x ( l -E)  
where: 

E = effectiveness of doorway protective device (0 = unobstructed doorway) 
Advice Filing assumes that an ajar door is 80% effective in reducing infiltration. 

Demand savings for coolers, when door is left ajar: 
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Ref Measures K-T Auto-Closer 

Dt = 1.0 
The impact is initially calculated with the assumption that the door is left ajar for an entire hour. 

Df = 0.80 flow factor 
E = 80% according to Advice Filing, p. RF-76 

Q/A = 0.16 tons/sqft according to ASHRAE* Fig. 3, p, 26.4 
R = 0.59 according to ASHRAE* Table 7, p. 26.4 

Note that the Df value is separated from the effectiveness term. 
The net result is the same, but the Evaluation Estimate is in compliance with the ASHRAE* method. 
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Ref Measures K-T Auto-Closer 

qt = 3,790 x 3ft x (7^1.5ft) x (0.16 tons/sqft) x 1.0 x (1/0.59) x (0.80 flow factor) x (1 - 80%) 
= 9 ,137 

NC Demand Savings= (9,137 Btu/h) x (1ton-hr/12,000 Btu) x (1.6 kW/ton) 
= 1.218 
= 1.218 kW 

Again, this impact assumes that the cooler door is left ajar for an entire hour. 

Demand savings for freezers, when door is left ajar: 
Dt = 1.0 

The impact is initially calculated with the assumption that the door is left ajar for an entire hour. 
Q/A = 0.61 tons/sqft according to ASHRAE* Fig. 3, p. 26.4 

R = 0.63 according to ASHRAE* Table 7, p. 26.4 
qt = 3,790 x 3ft x (7^1.5ft) x (0.61 tons/sqft) x (1/0.63) x 1.0 x (0.80 flow factor) x (1 - 80%) 

= 32 ,622 
NC Demand Savings= (32,622 Btu/h) x (1ton-hr/12,000 Btu) x (2.4 kW/ton) 

= 6 .524 
= 6.524 kW 

Again, this impact assumes that the freezer door is left ajar for an entire hour. 

Average NC Demand Savings: 
= (1.218 kW x 0.80)+(6.524 kW x 0.20) 
= 2 .279 
= 2.279 kW 

Evaluation estimate should supersede Advice Filing value. 

Annual Energy Savings: 
Assume a busy, full-day restaurant, open 20 hours/day, 365 days/year. 

Hours Door Left Ajar = 
= 

= 

Annual Energy Savings = 

(365 day/yr x 20 hr/day) - (1,095 hr/yr door open) 
6 ,205 
6,205 hrs x 25% chance ajar 
1,551 
[(1.218 kW x 0.80)+(6.524 kW x 0.20)] x 1,551 hr/yr 
3 ,535 
3,535 kWh/yr 
The Advice Filing estimate understates the potential energy savings by 53%. 
Evaluation Estimate should supersede Advice Filing value. 

Coincident Demand Savings: 
Although the advice filing methods apply a diversity factor (CDF), this does not appear to be necessary. 
If the energy savings are assumed to be spread evenly across the time that the door potentially could be ajar, then a CDF need not be applied. 

= 2.279 x (1,551 hrs door ajar)/6,205 hrs door potentially ajar 
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Ref Measures K-T Auto-Closer 

= 0.570 
= 0.570 kW 

Evaluation Estimate should supersede Advice Filing value. 
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Ref Measures K-T Auto-Closer 

6) Summary of results: 

Impact Type Impact 
(per walk-in) Advice Filing Evaluation 

NC Demand (kW) 1.203 2.279 
Coinc. Demand (kW) 0.650 0.570 
Annual Energy (kWh) 2,304 I 3,535 

Recommended 
Source 

Evaluation 
Evaluation 
Evaluation 

7) Sources: 
1 EPRI report TR-100984, V1, "Engineering Methods for Estimating the Impacts of Demand-Side Management Programs"; 

Volume 1: Fundamentals of Engineering Simulations for Residential and Commercial End Uses; Electric Power Research Institute, Palo Alto, CA, 1992. 

* ASHRAE Handbook, "Refrigeration Systems and Applications"; American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. 
Atlanta, GA, 1994 
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Measure Q: Cooler or Freezer with Non-Electric Condensate Evaporator 

Measure 
Description: 

Summary of Advice 
Filing Calculations: 

Comments on 
Advice Filing 
Calculations: 

Comments on 
Advice Filing 
Inputs: 

Evaluation Process: 

Additional Notes: 

Replacement of an electric condensate evaporator with a non- 
electric one. A non-electric condensate evaporator routes the hot 
gas following compression to the condensate pan to evaporate 
water. 

Demand and energy estimates were developed using the 
connected load of an electric condensate evaporator and its 
controls. 

The method used to develop energy impacts appears valid. The 
use of a CDF in the development of demand impacts is 
unnecessary. The CDF is based upon the cycling of the 
compressor, which is unrelated to the operation of the condensate 
evaporator. 

Inputs are based upon manufactures' data and appear to be valid. 

Demand estimates were generated with the assumption that the 
CDF for the measure is 1.0. 

The Evaluation demand estimate is 84% greater than the Advice 
Filing estimate. 
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Ref Measures K-T Condensate Evap. 

Q. Cooler or Freezer with Non-Electric Condensate Evaporator: 

1) Hot gas following compression can be routed to the condensate pan to evaporate water. 
In the absence of a hot gas evaporative system, electric resistance heaters are typically used. 

2) Ex-ante calculation assumptions: 
Condensate evaporators draw 215 Watts. 
Controlled condensate evaporators operate just 4,380 hr/yr. 
Uncontrolled units run constantly for 8,760 hours per year. 
25% of the replaced units have controlled condensate evaporators. 
Maximum power draw when pan is empty for controlled condensate evaporators is 30 W. 

3) Advice Filing Estimates: 
Non-coincident Demand Savings: 

= [(215 Watts x 0.75) + (215 Watts x 0.25 x 0.5)]/1,000 Watts/kW 
= 0.188 
= 0.188 kW/unit 

Coincident Demand Savings: 
= 0.54 CDF x {[(215 Watts x 0.75) + (215 Watts x 0.25 x 0.5)]/1,000 Watts/kW} 
= 0.102 

0.102 kW/unit Advice Filing Estimate 
Note also that the 30 W value is not used in calculating the coincident demand. 
The 30 W power draw cancels itself out for demand estimates . 

Energy Savings: 

4) 

= {(215 Watts x 8760 Hours x 0.75)+[0.25"(((215 Watts -30 Watts) x 8760 Hours x 0.5)+(30 Watts x 8760 Hours))]}/1000 Watts/kW 
= 1681 

1,681 kWh/unit 
There is no explanation in the advice filing for the use of the 30 Watt value in this algorithm. 
According to the 1994 CIA Policy and Procedures (p.4.1-54) 30 Watts is the maximum power draw when the pan is empty. 

Evaluation Estimates: 
Non-coincident Demand Savings: 

See Advice Filing. 

Coincident Demand Savings: 
Although the advice filing methods apply a diversity factor (CDF), this does not appear to be necessary. 
It is not anticipated that the electric resistance heater would be associated in any manner with the cycling of the refrigeration compressors. 
Since the Advice Filing bases the CDF on the cycling of the refrigeration compressors, it should not be applied. 

Therefore: 
Baseline Coinc. kW = 0.188 kW/unit 

Since the end-use is completely avoided, this is the impact. 

Energy Savings: 

2 /2 /97  Page 19 9:49 PM 



Ref Measures K-T Condensate Evap. 

5) Summary of results: 

Impact Type 
(per unit) 

NC Demand (kW) 
Coinc. Demand (kW) 
Annual Energy (kWh) 

See Advice Filing, 

Impact 
Advice Filing Evaluation 

0.188 
0,102 0.188 
1,681 

Recommended 
Source 

Advice Filing 
Evaluation 

Advice Filing 
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1994 Measure: High Capacity Oversized Condenser, Evaporative-Cooled (Ammonia) 

Measure 
Description: 

Summary of Advice 
Filing Calculations: 

Comments on 
Advice Filing 
Calculations: 

Comments on 
Advice Filing 
Inputs: 

Evaluation Process: 

Additional Notes: 

Provides an incentive to increase the size of the evaporative 
condenser to meet or exceed ARI standard 490-89, and thus 
increase the total heat of rejection (THR). 

Energy and demand impacts were developed using values 
generated for the High Capacity Oversized Condenser Evaporative- 
Cooled (Halocarbon) measure. 

Demand impacts were developed using an inappropriate CDF. 
Energy impacts were based upon the impacts for the halocarbon 
measure. The methods used could not be verified because the 
references cited were not available. 

Halocarbon measure non-coincident demand values were 
incorrectly entered into the Advice Filing method. 

Demand estimates were generated with the assumption that the 
energy savings are spread evenly across an entire year. Energy 
impacts were re-calculated using values from the halocarbon 
measure. 

The Evaluation demand estimate is 37% smaller than the Advice 
Filing estimate. The difference in energy impacts is assumed to be 
the result of rounding. 
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Ref Measures K-T Ovrsiz Cond (air-cooled) 

1994. High Capacity Oversized Condenser, Air-Cooled 

1) Incentive to increase size of air-cooled condenser and thus increase the total heat of rejection (THR). 
Oversizing must meet/exceed ARI standard 460-87. 

ARI standard 460-87 has been updated New standard is 460-94, 
Oversizing lowers condensing temperature (CT) and the discharge pressure of the compressors, 

2) Ex-ante calculation assumptions: 
Discharge temperatures range from 130 to 100 C. 
Average compressor demand savings for R-12/R-22 medium temperature systems is 0.5736 kW/ton. 

No mention is made of impacts for low temperature systems. 
Using a 1.6 kW/ton performance factor (Advice Filing p.RF-76) for a medium temperature system the savings attributable 
to the reduced compressor demand would account for 35.8% of the entire system power draw. 
(0.5736 kW/ton)/1.6 kW/ton = 35.8% 

Thereis a powerincrease of 0.06 hp/tonforauxiliary fans. 
= 0.06 hp~on x 0.746 kW/hp 
= 0.04476 
= 0.04476 kW/ton 

3) Advice Filing Estimates: 
Impacts stated in the Advice Filing could not be verified because the method used was not described. 
Inputs used in the Advice Filing could not be verified, as not all of the inputs were listed 
The cited sources for the demand savings were unobtainable. 

4) Evaluation Estimates: 
Advice Filing coincident impacts were developed using 0.54 CDF. 
Using the energy impact and NC demand impact, full load hours were back-calculated, yielding 4,957 hours. 
This is very close to the 4,960 average EFLH's cited in the Advice Filing (p.RF-6), and indicates that the application of a CDF is inappropriate. 

Coincident Demand Savings: 
Assume savings is spread evenly across the entire year, a conservative estimate of demand savings. 

= (71.38 kWh/ton-F)/8,760 hrs/yr 
= 0.0081 
= 0.0081 kW/ton-F 

Actual impacts at the time of system peak are most likely greater than this value. 

5) Summary of Results: 

pact Type 

I NC Demand (kW) 
[Co'inc. Demand (kW) 

Impact 
AdviceFiling_~ Evaluation 

0.0144 | 
0.0078 | 0.0081 

Recommended 
Source 

Advice Filing 
Evaluation 
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Ref Measures K-T Ovrsiz Cond (air-cooled) 

IAnnual Ener£y /kWh) I 71.38 I { Advice Filin 9 I 
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Ref Measures K-T Ovrsiz Cond (halocarbon) 

1994, High Capacity Oversized Condenser, Evaporative-Cooled (Halocarbon) 

1) Incentive to increase size of evaporative condenser and thus increase the total heat of rejection (THR). 
Oversizing must meet/exceed ARI standard 490-89. 
Oversizing lowers condensing temperature (CT) and discharge pressure of compressors. 
A penalty must be applied if the sum of condenser fan and pump horsepower exceeds 0.09 hp/condenser ton. 

2) Ex-ante calculation assumptions: 
Oversizing the condenser reduces medium temperature compressors power draw by 0.01471 kW/ton-F. 
There is a power increase of 0.06 hp/ton for auxiliary fans. 

= 0.06 hp/ton x 0.746 kW/hp 
= 0.04476 
= 0.04476 kW/ton 

Advice Filing lists 0.0055 kW/ton (p.NRR-64) which is inconsistent with other hp to kW conversions (see p.NRR-59,61). 
Compressors operate a total of 4.960 EFLH per year. 

3) Advice Filing Estimates: 
Impacts stated in the Advice Filing could not be verified because the references cited were not available. 

4) Evaluation Estimates: 
Advice Filing coincident impact were developed using 0,54 CDF. 

Coincident Demand Savings: 
Assume savings is spread evenly across the entire year. 

= (37.25 kWh/ton-F)/8,760 hrs/yr 
= 0.0043 
= 0.0043 kW/ton-F 

Actual impacts at the time of system peak are most likely greater than this value. 

5) Summary of Results: 

Impact Type 
(per ton-F) 

NC Demand (kW) 
Coinc. Demand (kW) 
Annual Enerqy (kWh) 

Impact 
Advice Filing Evaluation 

0.0075 
0.0041 0.0043 
37.25 

Recommended 
Source 

Advice Filing 
Evaluation 

Advice Filing 
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Ref Measures K-T Ovrsiz Cond (ammonia) 

1994. High Capacity Oversized Condenser, Evaporative-Cooled (Ammonia) 

1) Incentive to increase size of evaporative condenser and thus increase the total heat of rejection (THR). 
Oversizing must meet/exceed ARI standard 490-89. 
Oversizing lowers condensing temperature (CT) and discharge pressure of compressors. 
A penalty must be applied if the sum of condenser fan and pump horsepower exceeds 0.09 hp/condenser ton. 

2) Ex-ante calculation assumptions: 
Average operating hours are based upon assumptions as no current data exists. 
EPRI estimates that demand savings for ammonia systems are 25% greater than demand savings for halocarbon systems. 
All calculations are based upon a similar analysis completed for halocarbon systems (Advice Filing p.NRR-64,65) 

3) Calculation of operating hours: 
Advice Filing Estimate: 

Industrial 
Dist. Warehouse 
Fruit Cold Storage 
Fruit Hydrocoolers 

% Participation iFull Load Hours/yr Weighted 
0.35 I 2,340 81 9 
0.15 4,960 744 
0.30 3,720 1,116 
0.20 1,620 324 

Weighted ave = 3,003 

4) Advice Filing Estimates: 
Non-coincident Demand Savings: 

= (0.0092 kW/ton-F x 1.25) 
= 0.0115 
= 0.0115 kW/ton-F 

This value is unsubstantiated by Advice Filing documentation. 
0.0094 kW/ton-F is the value used in the Advice Filing for the Measure Summary, p.NRR-68 
Demand savings for the halocarbon condenser is 0.0075 kW, not 0.0092 kW/ton-F (Advice Filing, p. NRR-65). 

Coincident Demand Savings: 
= (0.0094 kW/ton-F 
= 0.0051 
= 0.0051 kW/ton-F 

x 0.54) 

Advice Filing Estimate: 
Energy Savings = (0.0092 kW/yr-ton-F x 3003) 

= 27.6276 
= 27.63 kWh/yr-ton-F 
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Ref Measures K-T Ovrsiz Cond (ammonia) 

The reported value in the Measure Summary is 28.19 kWh/yr-ton-F. 
Using 0.0092 kW/ton-F ignores the prior calculation, which estimates non-coincident savings to be 
0,0115 kW/ton-F, 
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Ref Measures K-T Ovrsiz Cond (ammonia) 

5) Evaluation Estimates: 
Non-coincident Demand Savings: 

Halocarbon demand savings for oversizng the evaporative condenser = 0.0075 kW/ton-F (Advice Filing, p.NRR-65). 
Demand savings for ammonia systems will be 25% greater than halocarbon savings (Advice Filing, p.NRR-67). 

= (0.0075 kW/ton°F x 1.25) 
= 0.0094 
= 0.0094 kW/ton-F 

0.0094 kW/ton-F is the value used in the Advice Filing for the Measure Summary, p. NRR-68 

Coincident Demand Savings: 
Although the Advice Filing methods apply a diversity factor (CDF), this does not appear to be necessary. 
Energy savings are assumed to be spread evenly across the entire year. 

= [(28.23 kWh/yr -ton-F) /8,760 hrs/yr] 
= 0.0032 
= 0.0032 kW/ton-F 

This value should supersede the Advice Filing estimate,. 
Actual coincident impacts can be assumed to be within the range of 0.0032 kW/ton-F to 0.0094 kW/ton-F, 
and may be closer to 0.0094 kW/ton-F. 

Energy Savings: 
(0.0094 kW/ton-F x 3,003 full load hours/yr) 
28.23 
28.23 kWh/yr-ton-F 
The reported value of 28.19 in the Measure Summary, p. NRR-68 is close to 28.23. 
Recommend using 28.23 kWh/yr-ton-F as the results are reproducible. 

6) Summary of Results: 

Impact Type 
I (per ton-F) 
NC Demand (kW) 
Coinc, Demand (kW) 
Annua Energy (kWh) 

Impact 
Advice Filing Evaluation 

0.0094 0.0094 
0.0051 0.0032 
28.19 I 28.23 

Recommended 
Source 

Advice Filing 
Evaluation 
Evaluation 
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1994 Measure: Energy-Efficient Evaporator Motors: Display Case 

Measure 
Description: 

Summary of Advice 
Filing Calculations: 

Comments on 
Advice Filing 
Calculations: 

Comments on 
Advice Filing 
Inputs: 

Evaluation Process: 

Additional Notes: 

Replacement of an existing burned-out shaded pole evaporator 
motor with a permanent split capacitor motor for a refrigeration 
display case. 

Energy and demand savings were developed using fan power 
draw, annual fan energy use, compressor efficiency, and case loads 
associated with evaporator fans. 

Demand impacts were developed using an inappropriate CDF, and 
did not take indirect impacts into account. The method used to 
develop energy is valid. 

Inputs were taken from the PG&E Commercial New Construction 
model, but could not be verified (because the document was 
unavailable). 

Demand estimates were developed which include the case load 
savings. An energy impact was not developed. 

The Evaluation demand estimate is 1 91% greater than the Advice 
Filing estimate. 

Quantum Consulting Inc. B.5-18 Engineering Detailed Computational Methods 



Ref Measures K-T EE Motors (display) 

1993. Energy-Efficient Evaporator Motors: Display Case 

1) Replace existing shaded-pole (SP) evaporator fan motors with permanent-split capacitor (PSC) motors. 
The program targets customers replacing a burned-out evaporator fan motors in display cases. 
The long term goal is to encourage refrigeration servicemen to stock PSC fan motors instead of SP motors. 

2) Ex-ante calculation assumptions: 
Baseline evaporator fan energy usage for a display case is 234 kWh/yr-ft, according to Commercial New Construction model. 
Baseline evaporator fan power draw for a display case is 0.0267 kW/ft, according to Commercial New Construction model. 
PSC fan motors are 33% more efficient than similarly sized SP motors. 
50% of installations will be in low temperature cases, with the remainder being medium temperature cases. 
Low temperature compressors have EER of 5.0. 
Medium temperature compressors have EER of 7.5. 
100% of fan motor heat is transferred into the refrigerated space of the display case. 

3) Advice Filingt Estimates: 
Direct Demand Savings: 

= 0.0267 kW/ft x 33% 
= 0.0088 
= 0.0088 kW/ft 

Energy Savings: 
Direct Energy Savings: 

= 234 kWh/yr-ft x 33% 
= 77.22 
= 77.22 kW/yr-ft 

Indirect Energy Savings: 
Case Load Reduction = 

Adjust to kWh = 

kW saved x 3,414 Btuh/kW x 100% 
0.0088 kW/ft x 3,414 Btuh/kW x 100% 
30.0432 
30.0432 Btuh/ft 
Advice Filing$ lists 30.081 kW/ft. Difference assumed to be rounding. 
30.0432 Btuh/ff x 8,760 hrs/yr x {[(1/5.0 Btuh/Watt) x 50%]} + [(1/7.5 BtuhANatt) x 50%]} x 1 
43.86 
43.86 kWh/yr-ft 
Advice Filing$ lists 44.02 kWh/yr-ft as the value. Difference assumed to be rounding. 

Total Energy Savings: 
= 77.2 kWh/yr-ft + 44.02 kWh/yr-ft 
= 121.22 
= 121.22 kWh/yr-ft 

kW/1,000 Watts 
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Ref Measures K-T EE Motors (display) 

Coincident Demand Savings: 
= 0.0088 kW/ft x 0.54 CDF 
= 0 . 0 0 4 7 5  
= 0 .00475  kW/ft 

Though the Advice Filing1 uses a CDF of 0.54, this is not an appropriate value as the fans are assumed 
operate continuously. 
Addit ionally, this does not take into account the indirect impacts. 
A more appropr iate coincident impact would be (121.22 kWh/ft-yr) l(8,760 hrs/yr) = 0.0138 kW/ft 

4) Evaluation Estimates: 
Direct Demand Savings: 

See Advice Filing estimate. 

Indirect Demand Savings: 
Case Load Reduction = kW saved x 3,414 Btuh/kW x 100% 

= 0.0088 kW/ft x 3,414 Btuh/kW x 100% 
= 3 0 . 0 4 3 2  
= 30 .0432 Btuh/f t  

Adjust to kW = 30.0432 Btuh/ft x {[(1/5.0 Btuh/Watt) x 50%]} + [(1/7.5 Btuh/Watt) x 50%]} x 1 kW/1,000 Watts 
= O.00501 
= 0.00501 kW/ft 

Total Demand Savings: 
= 0.0088 kW/ft + 0.00501 kW/ft 
= 0 . 0 1 3 8  
= 0.0138 kW/ft 

Energy Savings: 
See Advice Filing estimate. 

5) Summary of Results: 

Impact Type Impact 
(per linear foot) Advice Filing t Evaluation 

NC Demand (kW) 0 . 0 0 8 8  
Coinc. Demand (kW) 0 . 0 0 4 7 5  0 .0138  
Annual Energy (kWh) 121 .22  
1"1"t Using the Evaluation methods, this value is unnecessary. 

Recommended 
Source 

t t t  
Evaluation 

Advice Filing 

6) Sources: 
1 ~ Advice Filing for the 1994 Retrofit Express Program; PG&E, October, 1993. 

2 / 2 / 9 7  Page 28 9:49 PM 



1994 Measure: Energy-Efficient Evaporator Motors: Walk-in Box 

Measure 
Description: 

Summary of Advice 
Filing Calculations: 

Comments on 
Advice Filing 
Calculations: 

Comments on 
Advice Filing 
Inputs: 

Evaluation Process: 

Additional Notes: 

Replacement of an existing burned-out shaded pole evaporator 
motor with a permanent split capacitor motor for a walk-in. 

Energy and demand savings were developed using fan kVA, motor 
power factor, compressor efficiency, and heat gains associated with 
evaporator fans. 

Demand impacts were developed using an inappropriate CDF, and 
did not take indirect impacts into account. The method used to 
develop energy impacts is valid. 

Inputs are from the ASHRAE HVAC Systems and Applications 
Handbook, and manufactures' data, which appear valid. 

Demand estimates were developed which include the case load 
savings. An energy impact was not developed. 

The Evaluation demand estimate is 147% greater than the Advice 
Filing estimate. 

Quantum Consulting Inc. B.5-19 Engineering Detailed Computational Methods 



Ref Measures K-T EE Motors (walk-in) 

1993. Energy-Efficient Evaporator Motors: Walk-in Box 

1) Replace existing shaded-pole (SP) evaporator fan motors with permanent-split capacitor (PSC) motors. 
The program targets customers replacing a burned-out evaporator fan motors in walk-ins. 
The long term goal is to encourage refrigeration servicemen to stock PSC fan motors instead of SP motors. 

2) Ex-ante calculation assumptions: 
Baseline evaporator fan kVA for SP motors is 4.46 kVNhp, according to Advice Filing~ data, (p.RF-47 to p.RF-49). 
Baseline power factor for SP motors is 60%, according to ASHRAE*, Table 4, p.40.5 
Retrofit evaporator fan kVA for PSC motors is 2.10 kVA/hp, according to Advice Filing'l- data, (p.RF-47 to p.RF-49). 
Retrofit power factor for PSC motors is 95%, according to ASHRAE* Table 4, p.40.5. 
20% of installations will be in low temperature cases. 
80% of installations will be in medium temperature cases. 
Low temperature compressors have EER of 5.0. 
Medium temperature compressors have EER of 7.5. 
80% of the fans are located inside of the refrigerated space. 
If a fan is located within the refrigerated space 100% of fan motor heat is transferred into the cooling load. 

3) Advice Filingt Estimates: 
Direct Demand Savings: 

kW = kVA x power factor 
= (4.46 kVNhp x 60%) - (2.10 kVNhp x 95%) 
= 0.681 
= 0.681 kW/hp 

Energy Savings: 
Direct Energy Savings: 

= 0.681 kW/hp x 8,760 hrs/yr 
= 5,965.56 
= 5,966 kW/hp-yr 

Indirect Energy Savings: 
Case Load Reduction = kW saved x 3,414 Btuh/kW x 80% 

= 0.681 kW/hp x 3,414 Btuh/kW x 80% 
= 1,859.95 
= 1,860 Btuh/hp 

Adjust to kWh = 1,859.95 Btuh/hp x 8,760 hrs/yr x {[(1/5.0 Btuh/Watt) x 20%]} + [(1/7.5 Btuh/Watt) x 80%]} x 1 
= 2,389.66 
= 2,390 kWh/yr-ft 

Total Energy Savings: 
= 5,965.56 
= 8,355.22 

kWh/yr-hp + 2389.66 kWh/yr-hp 

kW/1,000 Watts 

2 / 2 / 9 7  Page 29 9:49 PM 



Ref Measures K-T EE Motors (walk-in) 

= 8,355 kWh/yr-hp 
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Ref Measures K-T EE Motors (walk-in) 

Coincident Demand Savings: 
= 0.681 kW/hp x 0.54 CDF 
= 0.3677 
= 0.368 kW/ft 

Though the Advice Filing uses a CDF of 0.54, this is not an appropriate value as the fans are assumed 
operate continuously. 
Additionally, this does not take into account the indirect impacts. 
A more appropriate coincident impact would be (8,355 kWh/hp-yr)/(8,760 hrs/yr) = 0.954 kW/hp 

4) Evaluation Estimates: 
Direct Demand Savings: 

See Advice Filing estimate. 

Indirect Demand Savings: 
Case Load Reduction = kW saved x 3,414 Btuh/kW x 80% 

= 0.681kW/hp x 3,414 Btuh/kW x 80% 
= 1,860 
= 1,860 Btuh/hp 

Adjust to kW = 1,860 Btuh/ft x {[(1/5.0 Btuh/Watt) x 20%]} + [(1/7.5 Btuh/Watt) x 80%]} x 1 kW/l,000 Watts 
= 0.2728 
= 0.273 kW/hp 

Total Demand Savings: 
= 0.681 kW/hp + 0.273 kW/hp 
= 0.954 
= 0.954 kW/hp 

Energy Savings: 
See Advice Filing estimate. 

5) Summary of Results: 

Impact Type Impact 
(per horsepower) Advice Filing Evaluation 

NC Demand (kW) 0.681 
Coinc. Demand (kW) 0.386 0.954 
Annual Energy (kWh) 8,355.22 
t t t  Using the Evaluation methods, this vaiue is unnecessary. 

Recommended 
Source 

t t t  
Evaluation 

Advice Filing 

6) Sources: 
1 Advice Filing for the 1994 Retrofit Express Program; PG&E, October, 1993. 

* ASHRAE Handbook, "HVAC Systems and Applications"; American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. 
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Ref Measures K-T EE Motors (walk-in) 

Atlanta, GA, 1992 
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Brief analysis of Groce~ #37 ASD measure (#1) savings: 

Summary Sup,ply Fan Calculated Savings 
Usage by Measure Demand Energy Demand Energy 
Baseline 18 00 150+ 754 
Measure #1 1500  25,732 3 0 0  125.022 
Measure #2 15 00 25,732 
Measure #3 15 00 25.732 

Attachrnertt 7 Savings 
De~rlmd Energy 

0 00 125,022 

Brief analysis of Grocery #37 condenser measure (#2) savings: 

Summary Refrigeration Compressors 
Usa~:~e by M ~ u r e l  OQz'~alnd Eine'r gy 
Baseline 73.00 448,248 
Measure #1 73 00 448,248 
Measure #2 I 73 00 412,969 
Measure #3 [ 67 00 368,868 

NC Compressors Condenser Fazns Total 
Den-trod Ener~ C.,~,,,,~. ~ Enelev Den'mnd EneTov 
2 0 0 0  9.624 9.00 26.541 10200 484,413 
20 O0 9,624 8.00 26,541 101.00 484,413 
20 00 3,165 9.00 67,082 102.00 483,216 
20.00 4,774 9.00 64,254 96.00 437,896 

Calculated Savings Attach~nent 7 Savings 
Demec~d Enemy Derrzmd Energy 

-1 00 1+197 2 0 0  1,196 

Bnef analyses of Grocery #37 EMS measure (#3) savings: 

Summary Refnqeration Compressors 
Usage by Mr..sure Deft.and Energy 
Baseline 
Measure #1 
Measure #2 73.00 412.969 
Measure #3 67.00 368~865 

NCCortl~pressors C o ¢ ~ F a n s  Ice Cream LT#1 
Decrlnd Energy Demand Enerqy Ener~ Ener~ 

20.00 3,165 9,00 67,082 10,750 120,967 
20.00 4,774 9.00 64,254 6,667 65,669 

LT#2 MT#I MT#2 Liqhling 
Enerqy Energy Enerqv Energy 

34,775 30,366 30,660 194.909 
29,382 16,769 ~9,486 109,636 

Total Calculated Saw~,s 
Demand Enemy Demand Energy 

10200 905,543 
9 6 0 0  694,615 6 O0 211,028 

Attachment 7 Sevinqs 
Demand Energy 

6 O0 211,027 

Brief analysis of Grocery #37, summary ot measure savings: 

Summary : Calculated Summary Savings 
Usacz~ by Measure Demand Enerqy 
Baseline 
Measure #1 3.00 1 2 5 , 0 2 2  
Measure #2 -1.00 1,197 
Measure #3 6,00 211,028 

Brief analysis of Grocery #37 summary of total savings: 

Sumrn~n/ 
UsaoebvMeasum 
Baseline 
Measure #1 
Measure #2 
Measure #3 

Total Level Calculated Sawnqs 
Demand Enerclv Dernend Energy 
24000  1,487,219 
236.00 1,344,106 4 0 0  143,113 
23700  1,342,910 -1 O0 1.196 
231.00 1,131,883 6 0 0  211.027 

Attachment 7 Level Calculated Attach 7 Savings 
C~,,T. ,~ Enerqy C,~, .  ~ Enerqy 
240,00 1,487,219 
240.00 1,344,106 0 0 0  143,113 
237.00 1,342.910 3.00 1.196 
231.00 1,131,883 6.00 211.027 



Brief analysis of Grocery 881 ASD measure (#1) savings: 

I Summary Supply Fan Cidculated Savinq= 
Usaoe by Measure Demand Energy Demmnd Energy 

Baseline 14  O0 j 120,672 
[Measure #I I 1 4 0 0  23 ,205 I 0 00 97,467 

l Measure #2 1 4 0 0  23 ,205 
Measure #3 , 14 00 23~205 

Attachment 7 Savinqs 
Decmnd Enerqy 

0.00 97,467 

Bnef anldysis of Grocery #51 condenser measure (#2) savings; 

Summary J Refrigeration Compressors 
Usaqe by Measure I Derne~d Energy 

i Baseline 56.00 339 ,953  
Measure #1 56 00 339 ,933  
Measv~r ~, #2 i 55.06 307 ,456  

,Measure #3 53.00 263 ,636  

A/C Compressors 
De~-mnd Energy 
1 7 0 0  15,149 
17.00 15,148 
16.00 12,765 
1 6 0 0  12,765 

Conckm~ F~.~ T~at 
Enerqy [~m'Bnd Enerqy 

1 6 0 0  63,755 6 9 0 0  418.640 
15.00 63,756 6 8 0 0  418,840 
11,00 86,552 5 3 0 0  406,503 
11.00 83,978 80.00 380,579 

Calculaled $aVlnge Atl~;hment 7 Savi¢~ls 
Demand Enerqy Demand Energy 

5 ~00 12,037 6 O0 12,037 

Bnef analysis of Grocery 851 EMS measure (#3) savings: 

I Summary i Refrigera ion Compressors 
I Usage by Measure ~ Enerqy 
Baseline 
Measure #1 

iMeasure #2 66.00 307 .486  
Measure #3 53,00 253 ,836  

A/C Compressors Condent~Fans Ice Cream I LT#1 LT#2 MT#2 Liqhtinq Tolal 
Demand Enerqy Demand Energy Energy I Energy Energy Enerqy EneMy Demand 

16 00 12,756 11 00 86,562 17 ,608 23,196 66,964 65,839 172 ,412  5 3 0 0  
16.00 12,766 t l r 0 0  63,978 9,767 12,636 41.873 44,559 133,297 80 00 

Bnef analysis of Grocery 851, summary of measure savings: 

Summary 
Usage by M~ssure 

Baseline 
Measure 81 
Measure #2 
Measure #3 

Calcu~tedSurnmarySavinge 

0 00 97 ,467  
5,00 12,037 
3 0 0  132,911 

Brief analysm of Gr~ery 851 summary o| total savings: 

Summary Total Level 
Usage by Measure D~Bncl Enetqy 

Baseline 221 0 0  1 ,356,654 
Measure 81 220,00 1 .259.087 
Measure #2 2 1 4 0 0  1 ,247,049 
Measure #3 2 1 1 0 0  1 ,114,138 

Caiou~tedSavin~,s Attachment7 Lev~ 
Demand Energy DemB'¢l Energy 

221.00 1,356.554 
1 00 97,467 2 2 1 0 0  1,259,087 
6.00 12.036 2 1 4 0 0  1,247,049 
3.00 132,911 2 1 1 0 0  1,114,138 

Camel.dated Attach 7 Savinqs 
0~rrlmd Energy 

0.00 97,467 
7.00 12,038 
3 0 0  132,911 

CaJcuiat ed Savinqs 
Enerqy Demet¢l 

Attachment 7 Savinqs 
Enerqy [~'nand Energy 

755,522 
622,911 3 0 0  132,911 3 0 0  132,911 



Revisions based upon an updated (3/16/96) spreadsheel inch.K~ed within this application 

Brief analysis of Grocery #63 ASD measure (#1) savings: 

Summary I Sulx)ly Fan Calculated Savings Attachment 7 Savings 
Usage bY Measure i Dernenci Energy Demand Energy i~mwnd Energy 
Baseline 18.00 150.840 
Measure #1 17 O0 31.565 1 00 119.242 0 00 119,242 
Measure #2 1700  31,598 
Measure #3 17 00 31,598 

Brief analysis of Grocery #63 condenser measure (#2) savings: 

Summary 
UsaoebyMeesum 

Baseline 
Measure #1 
Measure #2 
Measure #3 

Relnqeratlon Compressors 
Demand Enerov 
75 00 460,446 
7 5 0 0  460.446 
75 00 402,479 
7 2 0 0  376,609 

~C Compressors Condr.~" Fend 
Decrlend Energy Demand Energy Der'rend 
20.00 16,171 16.00 30.435 111.00 
20.00 16171 8 0 0  30.435 103.00 
1600  7,782 7 0 0  57,732 101,00 
1600  7,762 7 00 56.343 9 5 0 0  

Total 
Energy 

507.052 
507,052 
467,993 
439,934 

Calculated Savings Attachment 7 Savings 
~ , ~  Energy Defined Enerqy 

2 00 39,059 1000 39,059 

Brief analysis of Grocew #63 EMS measure (#3) savings: 

Summary Relnqeration Cornpressors 
Usage byMeasum Demand Energy 

Bese~ne 
Measure #1 
Measure #2 7 8 0 0  402,479 
Measure #3 7 2 0 0  375,809 

A/C Cornpresso~ Condensm Fans Ice Cream LT#1 MT#1 MT#2 Liflhtinq Total 
Den'end Energy Demand Energy Energy Enemy Energy Enemy EneMy Demand Energy 

o , o 0  o 
o . o o  o 

16.00 7.782 7.00 57,732 11,267 14,191 156,103 78,525 153,418 10100  881.487 
1600  7,782 7.00 56~343 9,475 9,811 115,422 52,350 115,847 9 5 0 0  742,838 

Cak:ulated Savinqs 
Demand¸ 

6 00 

Energy 

1 3 8 , 6 4 8  

Attachment 7 Savings 
Demand Energy 

6,00 138.648 

Brief analysis of Grocery #63, summary of measure savings: 

Summary 
Usaqe~Measum 

Baseline 
Measure #1 
Measure #2 
Measure 43 

Calcu~ted Summary Savinqs 
Demand Energy 

100  119,242 
2 00 39,059 
6 00 136.646 

Brief analysis of Grocery #6.3 summary of total savings: 

Summary 
Usa�e by Measure 

Baseline 
Measure #1 
Measure #2 
Measure #3 

T ~  Lev~ Ca~ulated Savings Attachment 7 Lev~ 
Oerre, nd Energy Demand Energy (3er~ncl Enerrffy 
242 o0 1,563,010 242,00 1,563.010 
234 O0 1,443,768 8 0 0  119,242 242.00 1,443,768 
232.00 1,404,7o9 2.00 39,059 232 00 1,404.709 
22600  1.266,061 6 00 t38,648 226.00 1.266,061 

Calculated Attach 7 S, avings 
Den~d Energy 

0.00 119,242 
10.00 39,059 
6 0 0  138.648 



Bnef analysis of Grocery #73 ASD measure (#1) savings: 

Summary 
Usgge by Measure 
Baseline 
Measure #1 
Measure #2 
Measure #3 

Supply Fan 
OerTcmd Energy 
18 OO 150,516 
17 OO 45,312 
17 00 45.312 
17 O0 45=312 

Calcu~ed Saw'~gs 
Demand Energy 

1 O0 105,204 

Attachlne~lt 7 Savings 
Dee~d Energy 

0,00 106,204 

Bnef analysis of Grocery #73 condenser measure (#2) savings: 

S~rnrnary Relhgerat~on Compressors A,'C Compressors CCondeneet Fans Total Catculaled Bawn~ 
Usaqe by Measure ~ Enerav ~ Energy Demand Enemy Derrlmd Energy Demand Energy 
Baseline 136.00 698,552 17.00 15,585 16.00 69,136 169.00 783,275 
Measure #1 136,00 696,552 17.00 15,585 1600  69,138 16900 783,275 
Measure #2 13300  632,041 1400  7,252 1600  98,489 163.00 737,762 6 0 0  45,493 
Measure #3 129,00 603,447 1700 6=322 1600 95,555 162.00 707,324 

Attachment 7 Savings 
Detnand Energy 

6 0 0  45,493 

Brief analysis of Grocery #73 EMS measure (#3) savings: 

Summary RefriqeratJon Compressors i AJC Compressors CondenaerFans IceCream LT#t LT#2 MT#1 MT#2 Liqhtinq Total Calculated Savings Attachment 7 Savings 
3S,~e by Measure O~Tend Ene~.~ O~.md Energy ~3erriQrld Ener~:rt Energy Enerqy Enerav Energy E~.gy  Energy DelT, a~d FEnmgy ~ T ~ l d  Energy OefTe~d Enerqy 
3aseline 
~4easure #1 
~leasure #2 13300 632,041 1400  7,252 16,00 98,489 83,395 36,792 169,331 353,631 16300 1,381,131 
~easure #3 129,00 603,447 i 1700  6,322 16,00 95f655 • 55,597 24,528 , 112,887 , 270,156 , 16200 1,170,492 , 1,00 210,639 , 100  210,639 

Brief analysis of Grocery #73, summary of measure savings: 

Summary Catcutated Summary Savin~s 
Usage by Measure Den~nd Energy 
BeLsetine i 

1.00 106,204 I Measure #1 
Measure #2 6 0 0  45,493 I 

Measure #3 1.00 210,639 

Bnef analysis of Grocery #73 summary of total savings: 

Summary Total Leve~ C-alc, uL~ed ,Savrnqs Attachment 7 Level I Calct,dofed Attach 7 Savir, qs 
Usage by Measure Demand Enerov Demand Enerqy ~ Ermrcw I Oermmd Energy 
Baseline 332 O0 2,153,212 332,00 2,153,212 I 
Measure #1 331.00 2,046,OO8 1.00 105,204 332,00 2,045,O08 ! OOO IO6,204 
Measure #2 326.00 2,002,515 5 0 0  45,493 326,002,002,5151,791,676 6 0 0  45,493 
Measure #3 32500  1,791,876 100  210,639 325,00 100  210,639 



Brief analysis of Grocery #75 ASD measure (11) savings: 

Summary 
Usaea by Measun 
Baseline 
Measure 11 
Measure #2 
Measure e3 

Supp~ Fan 
De~'rmnd Enemy 
18.00 150,840 
1700  31,058 
1 7 0 0  31,058 
1 7 0 0  31,058 

CalCt.llatedSavlnos ASachment7Sawngs 
Demand Energy Dec~d Enerqy 

1 00 119,782 0.00 119,782 

Bnef anelysis of Grocery #75 condenser measure (#2) savings: 

Summary 
I Usaqe by' Measure 
;BaseSne 
Measure #1 
Measure #2 
Measu~ #3 

Refnger~ion Compressors NCCamprec.ors 
[~tlancl Energy ~ Energy 
80.00 514.279 18.00 16.058 
8 0 0 0  514,279 18,00 16,058 
8 3 0 0  437,470 1500  8,439 
83 O0 410,836 18,00 8,439 

Total 
Demand Energy ~ Energy 
16 00 31,099 11400 561,436 
12 00 31,099 11000 561,436 
11.00 69.484 109.00 915,393 
11.00 67,447 10900 486,722 

Caioulated Savings 
Demand Energy 

Attachment 7 Savings 
Energy 

100  46,043 5 O0 46,044 

Bnef analysis of Grocery #75 EMS measure (#3) .savings: 

Summary Refrigeration Compressors 
Usage by Measure Derr~nd Energy 

Baseline 
Measure 11 
Measure #2 8 3 0 0  437,470 
Measure #3 83.00 410,836 

A/CCornpcessms CC..ondenserFans Ice Cream LT#I  MT#1 MT#2 Lighting 
~ , , , =~  EnerHy Dermmd Energy Energy Energy Energy Energy Energy 

15 O0 8,439 1t 00 69,484 28,926 312,382 86,441 97,924 301,938 
15.00 8,439 1100  67.447 15,236 . 184,953 62,921 64,982 231,009 

Tota{ ~A L,,I,lat ~x:l Savings 
Dentnd Energy Denmnd Enerqy 

Attachment 7 Savings 
Demand Enerqy 

109.00 1,344.404 
109.00 1,045,723 0 0 0  298.681 5 O0 317.117 

Bne! analysis of Grocery 175, sumrnary of measure savings: 

Summary 
UMge by' Measure 

Baseline 
Measure #1 
Measure #2 
Measure #3 

Ca~uWted Summary,Savings 
Demm¢l Energy 

100  119,782 
1 00  46,043 
0 00  2 9 8 , 6 8 1  

Brief analysis ol Grocery #75 summary ot lotal savings: 

Summary 
Usaqe by Measure 

Baseline 
Measure #1 
Measure #2 
Measure #3 

Total Level C,a{~J~led ~wnqs Atlachment 7 Level 
Demend Energy De ,~d  Energy Demand Energy 
298.00 2,221,381 298.00 2,221,381 
29300  2,101,599 5 00 119.782 298.00 2,101,599 
29300  2,055,555 0 0 0  46,044 293,00 2,055,555 
29300  1,756,875 0 0 0  298,680 288,00 1,738,438 

Calculated Attach 7 Savings 
Decr~ncl Energy 

0,00 119,782 
5 00 46.044 
5 00 317,117 



Bnel analysis ~ Grocery #76 ASD measure (#1) savings: 

Summary Supply Fan ] CalcuLated Saw l~  
U6a~e by Measure D~rand Energy Demand Energy 

Baseline 18 00 150,840 
Measure #~ 1700  36,762 1.00 11.5,078 
Measure #2 17.00 35,762 
Measure #3 17 00 35,762 

Altachcnent 7 .Savir~s 
IDemB¢l Enerov 

o o 0  115,078 

Bnef analysis of Grocery #76 condenser measure (#2) savings: 

Summary Refrigeration Compressors /VC Comp'essors 
U,sa~e by MeLsure OemBrd Energy Oemalld Energy 

Baseline 76.00 493.318 1 6 0 0  16,492 
Measure #1 76.00 493,316 1 8 0 0  16.492 
Measure #2 76  O0 416,861 17 00 7,811 
Measure #3 78 00 410.836 1 7 0 0  7.811 

Condenser Farm Total 
DemBnd Eneq.ly Oemend Energy Demand 
16,O0 31,211 110,00 541,021 
12.00 31.211 106.00 541.021 
11 00 67,516 10600  492,188 0 00 
11.00 67,447 106.00 486,094 

Bnef analysis o1 Grocery #76 EMS measure (#3) savings: 

Summary Refngeration Compressors 
Usaqe by Measure Oemfmd Energy 
Baseline 
Measure #1 
Measure #2 78 0O 416,861 

Cak:ulaledSavings AHachrnent 7Savlngs 
Ener~l/ D e ~ d  Enerq¥ 

48.833 5.00 48.833 

AJC Comwes.sors C~.x~de¢~Far,~s Ice Cream LT#1 MT#1 . MT#2 L ghinp 
~.,~.,.~ Energy Demand Energy Energy Energy Energy Energy Enerqy 

17 00 7,811 11.00 67,516 3.482 57,159 19,O53 137,970 296,716 
17 00 7 811 11 O0 67.447 3.095 50,808 16,936 122,640 226,347 

Brief analysis of Grocery #76, summary of measure savings: 

Attachment7 Levy Ca~ul=edAttach 7Savings 
De. r id  Energy Demand Energy 
285 00 1,892,463 
285.00 1,777,385 0 0 0  115,078 
280 00 1.728,551 5.00 48,834 
280 00 1,625,123 0.00 ! 0 3 . 4 2 9  

Summary Calculated Summary Savinqs 
Usaoe by' Measure Demand Energy 
Baseline 
Measure #1 1,00 115.078 
Messure #2 OOO 48.833 
Measure #3 0.00 103=648 

Bnef analysis of Grocery #76 summary of total savings: 

Summary Toted Level Calculated Savlilgs 
Usage by Measure Demand Energy Demand Energy 

Baseline 285.00 1,892.463 
Measure #1 281 00 1,777,385 4.00 115,078 
Measure #2 280.00 1,728,551 1 0 0  48,834 
Measure #3 28000  1,625,123 0 0 0  103,428 

Tolal 
Demand 

106.00 
106.00 

Energy 
Calculated Savinqs Attachment 7 Savings 

Demand Enerf~y Decnand Energy 

1 .OO6,666 
904,920 0 00 103,646 0 O0 103,429 



BrJe| analysis ol grocery #77 ASO measure (#I) savings: 

Summary Sulx~Iv Fan 
' Usa43e by Measure Demand Energy 
Baseline 14.00 120,672 

=Measure #1 14.00 26,933 
Measure #2 14.00 26,933 
Measure #3 14.00 26,933 

Caloldated Savings Attachmenl 7 Savincls 
Demand Energy DettNmd Ener~/ 

0 0 0  93,739 0.00 93.793 

Bnal analysis of grocery 877 condenser measure (~2) savings: 

Summary 
Usage by Manure 
Baseline 
Measure #1 
Measure #2 
Measure #3 

R~hge~tioc CompreuQrs NC Compfe~ors 
Demand Enemy [~)emarld Er~rgy 
13400 794,233 21.00 17,570 
134.00 754.233 21.00 17,570 
136 00 691,010 20.00 9.330 
127 00 633,140 20.00 9,330 

C, oeden¢~. Fans 
Demand Enerov 
16.00 60,503 
12.00 60,503 
16.00 94,834 
12 00 92,794 159.00 

Total Cak;ukSedSavino= 
~=,, , .~ Ener~f ~ ' n m d  Energy 
171.00 832,306 
187.00 832,306 
172.00 795,174 -5.00 37,132 

. 735,264 

Attachment 7 Savings 
[:)emend Enei'gy 

0.00 37,132 

Bnel analysis., o1 grocery #77 EMS messuTe (#3} savings: 

Summary Ref dqerafion Compressors 
Usaqe by Measure Demand Energy 
Bcseline 
Measure #1 
Measure #2 136.00 691,010 
Measure #3 127 O0 . 633,140 

~C Compressors Conde~ls~ Fang Ice Cream LT#1 LT#2 MT#1 MT#2 Lighting Total 
Demand EneMy Demand Ener~ Ener~ Eqergy EnerRy Enerov Ener¢/ Enerqy Demand Energy 

20.00 9,330 1600  94,834 14,892 49,932 234 31,054 28,908 267,756 172.00 1,187.950 
2 0 0 0  9.330 12.00 92,794 9,928 44,384 . 4,672 20 ,703  25,696 205,223 159.00 1,045.870 

Calculated Savings Attachment 7 Savings 
Demand E ner.~ Demand Energy 

13.00 142,080 13.00 142,091 

Bnef analysis o1 grocery #77, sumr~lry of measure savings: 

I UsagebyMeasure Calculated Suin'~sqf Savings I 

M[M~ ~ure #1 0 00 93,739 

M~eetaMeasure #2 13.00 142,080 
- 5 0 0  37,132 

sure #3 

Bnef analysis of grocecy #77 summary o~ total savings: 

$umma~ 
Usage by M~sum 
Baseline 
Measure #1 
Measure #2 
Measure #3 

Total Level C~dcubted Savmgp 
Demand Enet~ l Din'hand Enerqy 
3 0 8 0 0  1,959,506 
30400  1,965,767 i 4.00 93,739 
30800  1,828,635 - 4 0 0  37,132 
295.00 1,686,554 i 1300  .. 142,081 

Attachment 7 Level Calculaled ASach 7 Savinf]= 
Defraud Energy Demlmd Energy 
308,00 1,959,506 
309.00 1,885,767 o 0 0  93,739 
308.00 1,828,635 0.00 37,132 
295,00 1,686,554 1 3 0 0  142,081 



Brief analysis of Grocery #103 ASD measure (#1) savings: 

Summary SupPly Fan Calculated Savir~ I 
Usaqe bv Mea.s uR Demand Energy Demand Energy 

I Baseline 21 00 181,008 
Measure #1 21.00 31,013 0.00 "~ 49,996 
Measure #2 21 00 31,013 
Measure #3 21.00 31,013 

Anachmeflt 7 Savin.qs 
Energy 

O O0 14g~996 

Bnef analysis of Grocery #103 condenser measure (#2) savings: 

Summary 
Usaqe by M e,csur( 
Baseline 
Measure #1 
Measure #2 
Measure #3 

Refrigeration Coml~ressors 
Den'amd Enerov 
147.00 946,174 
147.00 845.174 
126.O0 577,635 
117,00 532,277 

A/CCornpresso~'s Condenser FarB Total 
Demand Energy ~ Enerov ~ d  Energy 
36 00 26,374 13.O0 29,223 196.00 900,771 
3 6 0 0  26,374 13.O0 29.223 196.00 900,771 
32,00 13,709 13.00 129,683 171 00 721,027 
36 00 26.374 13 00 106,614 166 00 665,265 

Calculated Savinds Attachment 7 Savings 
Demend Enerov DemBld Energy 

25,00 179,744 2 4 0 0  179,744 

Bnef analysis of Grocery #103 EMS measure (#3) savings: 

I Summary , Refrigeration Compressors 
i Usaqe by Measure Demand Energy 
! Baseline 
Measure #1 
Measure #2 126.00 577,635 
Measure #3 117.00 532,277 

.JVC Compressors 
Demand Energy 

32.00 13,709 
36 00 26,374 

Condeeser Fans 
Demand Enerqy 

Ice Cream LT#1 LT#2 
Enerqy Energy Energy 

Brief analysis of Grocery #103, summary of measure savings: 

Summary Calojlated Summary ,Savings 
Usage by Measure De411end Energy 
B~eJine 
Measure #1 0.00 149,995 
Measure #2 25.00 179,744 
Measure #3 5.00 249,030 

13 O0 129,683 35,110 105,646 
1 3 0 0  106,614 13,158 29,696 

MT# 1 MT#2  Lighting Totel CaJcu~tedSavirtqs 
Energy Energy Energy Demand Energy Demand Energy 

33,989 38,544 268,983 171.00 1,203,299 
15,717 25,696 201,737 166.00 964.269 

A~achment 7Savings 
Demand Energy 

Measure 91 Measure #2 
C,~..--~ Enemy Demand Energy 

I c e C ~ m  106  60932 6.3 28269 
LT#1 39.7 228924 33.3 156605 
LT#2 
MT#1 75.8 437407 69.2 317023 
MT#2 20.4 117912 17,1 75739 

146 5 845175 125.9 577636 

5.00 249.030 16.00 249,030 

Brief analysis of Grocery #103 summary of total savings: 

Summary 
I Usa~'le by Meesuce 
Baseline 
Measure #I 
Measure #2 
Measure #3 

Tolal Level 
Oemend Energy 
34000 2,236,306 
34000  2~086,311 
31500  1,906,567 
29900  1~657,537 

Calculated Savings Attachment 7 Level 
Demand Ener~ 0emend Energy 

340.00 2,236,306 
0 0 0  149,995 34000  2,086,311 0.00 

25.00 179,744 315 O0 1,906,567 25.00 
16.00 249~030 299 00 I ~ 6 5 7 , 5 3 7  16.00 

Ca~ulatedAtt~h7Savin~ 
Demer,d EneCgy 

149.995 
179,744 
249,030 



Revisions based upon an updated (3/15/95) spreadsheet included within this application 

Bnef analysis of Grocery #202 ASD measure (#1) .savings: 

Summary Supply Fan Calculated Savmq.s Atlachmenl 7 Savi~s 
Usage by Mee.sum Oernand Energy D~,.=.,J Enerqy Demlnd Energy 

Baseline 1800  150.840 
Measure #1 11.00 20,921 7.00 129.919 0.00 129,919 
Measure #2 11 O0 20.921 
Measure #3 11 0 0  20,921 

Bnel analysis of Grocery #202 co~xlenser measure (#2) savings: 

Summary 
Usage by M~,sure 

Baseline 
Measure #1 
Measure #2 
Measure #3 

R~rige~tion Compressors /VCCompressors CondsnserFans 
Demand Enerqy Oemand Energy C,.,,,u~ Enerqy 
126.00 760,565 24.00 4,223 12 O0 59,824 
126,00 760,565 2 4 0 0  4,223 8.00 59,824 
121 O0 696,000 22.00 1,451 12.00 99,205 
113 O0 644,858 22 O0 1,451 12.00 98,188 

Total 
Energy 

182 00 824,612 
15800 924,612 
15500 796,656 
14700 744,527 

Calculated Savmq= Attachmen(7Savin,gs 
Derr~'d EneMy Dern~ncl Energy 

3 0 0  27,956 14 O0 27,955 

Bnef analysis of Grocery #202 EMS measure (#3) savings: 

Summary 
Usage by Measure 

Baseline 
Measure #1 
Mee.sure #2 
Measure #3 

Refrigeration Compressors A;C Compressors Condenser Fans 
Energy Dec'rand Enerov Demand Energy 

Ice Cream LT#1 MT#1 MT#2 Lighting 
Energy Enerqy Energy Energy En~gy 

121 00 696,000 22.00 1,451 12.00 99,205 21,460 76.457 62,379 29,083 256,017 
11300 644.888 22.00 1,451 1200  98,188 12,638 48,011 53~308 24,228 145,134 

T~al 
Demw,d EneMy 

0.00 0 
0.00 0 

156.00 1.264,072 
147.00 1,027,843 

Calculated Savings Attachment 7 Savings 
Demand Energy Demand Enerqy 

8 0 0  236,229 8 O0 236,230 

Brief analysis of Grocery #202, summary of measure savings: 

Summary 
Usage by Measure 

Baseline 
Measure #1 
Measure #2 
MeaLsur e #3 

Calculated Summary Savinqs 
Demand Energy 

7.00 129,919 
3.00 27.966 
8.00 236,229 

Brief analysis of Grocery #202 summary of total savings: 

Summa~ 
UsaQe by Me.urn 

Basehne 
Measure #1 
Measure #2 
Measure #3 

T~alL~ 
Demand EneMy 
336.00 2,103,700 
324 O0 1,964,110 
321.00 1,936,154 
313 O0 1,899,924 

Calculaled Savinq.= Atlachrnent 7 Level 
Oe,rnlmd Energy Demand Enerqy 

335.00 2,103.700 
1 1 0 0  139,590 335.00 1,964,110 
3 0 0  27.956 321.00 1,936.154 
8 0 0  236,230 313.00 1.699.924 

Calculated Attach 7 Savings 
Oems~:l Enerqy 

0 00 139.590 
14 00 27.956 
8.00 236,230 



Brief analysis ol Grocery #404 ASD measure (91) savings: 

Summery 
i Usaqe by Meesure 
Baseline 
Measure 91 

Measure #3 
Measure #2  

Supp~ Fan Calculated S a v ~  
Demand Enerqy Demand EnerRy 
21.00 181.008 
21.00 33.137 0 00 147,871 
21 00 33.137 
21.00 33,137 

Attachrmmt 7 Sevil le 
Demzmd Enerov 

0 0 0  147.871 

Brief analysis of Grocery #404 condenser measure (92) savings: 

Summary Refngeration Compressors AJC Compressors 
Usage by' Measure Demand Energy Denwzzd Enerav 
Baseline 132.O0 754,O11 42.00 25,575 
Measure 91 132.oo 754,011 42.00 25,575 
Measure #2 126.00 578,989 39.00 16,212 
Measure #3 106.00 557,892 42,00 3.718 

Co~zdar~er Fans 
Ener~,' 

13.00 34,769 
13 00 34,769 
13.00 24,392 
13.00 69,394 

Total 
Demand E n B ~  
18700 814,355 
187.00 814,365 
178,00 621,593 
161 00 631,004 

Calculated Savings 
Decne, nd Enerqy 

9 00 I92,762 

Attachment 7 Savinqs 
I~=,i--,,J Enerqy 

9 0 0  188,580 

Brief analysis of Grocery #404 EMS rc~easure (#3) savir, Os: 

Summary ~ Refrigeration Compressors 
Usaqe by Measurel ~ EnerRy 
Baseline 
Measure 91 
Measure #2 126r00 578.989 
Measure #3 106r00 557,892 

A/C Compressors C, onde~m Fax'z= Ice Cretlm LT#1 
Dernlmd EneMy Demand EneMy Enerqy Enerqy 

3 9 0 0  18,212 1300 24,392 47,374 169,594 
42.00 3,718 13,00 69,394 27,483 96,769 

LT#2 MT#1 MT#2 LiAhfing 
Enemy Enerqy Energy Energy 

Total Calculated Savings 
Oernend Enerqy Demand Enerqy 

2831649 72,708 289,674 17800 11484,582 
187,522 48,472 217,256 16100 1,208,506 1700  276,O86 

Attachment 7 Savings 
Demand Energy 

17.00 280.268 

Brief analysis of Grocery #404, summary of measure savings: 

Summary 
Usa~ by Measure 
Baseline 
Measure 91 
Measure #2 
Measure #3 

Calculated Summary Savings 
D~mend Energy 

0 0 0  147,871 
9 0 0  192,762 

17OO 276,086 

Detail Level 
Results 

~CCompreaso¢~ 
IceCmam 

LT#1 
LT#2 
MT#1 
MT#2 

Me=sure #2 (Recimultl I Me=sum #3 (EMS) 
Demand Enerav Derrlrzd Energy 

3 9  18212 
5.1 21864 

29.7 136120 

6 7 4  305987 63.6 287067 
1 9 4  88128 18.6 83537 

Brief analysis of Grocery #404 summary of total savir~js: 

Summary I Tota lL~el  
Usage by Measure Derrzmcl Enerqy 
Base,he 387.00 2,613,930 
Measure #1 367 00 2,446,059 
Measure #2 378.00 2,273,298 
Measure #3 360 00 1,997,211 

CaJculatad Savings 
Demm¢l EneMy 

0.O0 167,871 
9 0 0  172,761 

1800  276,087 

Attachn~17 Lev~ Calculated A~ach7Savmgs 
C . . , . ~  Energy Demand Ener~ 
387.00 2,609,749 
386.00 2,461,878 1.00 147,871 
37800  2,273,298 8.00 188,580 
36000  1,993,030 18.00 280,268 



Appendix B. 6.2 
Detailed Condenser Recircuit Engineering Calculations 



Ice Cream, Measure #2 

Condenser Capacity 1,984,500 Btuh Btuh Capacity 
Ice Cream Condemdng Circuits 6 circuits 119.070 
LT#1 Condemdng Circuits 12 circuits 238.140 
LT#2 Conder.dng Circuits 0 circuits 0 
MT#I Condensing Circuits 34 circuits 674.730 
MT#2 Condefllling Circuit8 13 circuits 257,985 
AC Condefl~ng Circuits 35 circuits 694,575 
Total Circuits 100 1,984,500 

~n Coinddeflt Refrigeration 
Temperature Wet-Bulb Hour ~ ~n Case Load 

(°~ (°~ (hours) (Btuh) 
113 74 1.0 49,440 
108 72 8.0 49,440 
103 70 53.0 49,440 
98 68 159.0 49,440 
93 66 287.0 49,440 
88 66 364.0 49,440 
83 63 457.0 49,440 
78 61 581.0 49,440 
73 59 707.0 49,440 
68 56 804.0 49,440 
63 53 965.0 49,440 
58 50 1100.0 49,440 
53 47 1098.0 49,440 
48 43 902.0 49,440 
43 40 681.0 49,440 
38 36 397,0 49,440 
33 32 159.0 49,440 
28 27 32.0 49,440 

Application 
Factor 

(unitless) 

Calculated Equ~&lent Cornpre~6or 
Application Btuh r~ected Compressor Convention B~h r~ected 

Fact~, Check for case Load Efficiency, EER Constant due to won 
(unltless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1.4 49,440 5.13 3.413 32,893 
1.5 49,440 5.36 3.413 31,481 
1.5 49,440 5.36 3.413 31,481 
1.5 49,440 5.47 3,413 30.848 
1.7 49,440 5.68 3.413 29,708 
1,7 49,440 5.78 3.413 29,194 
1.7 49,440 6.00 3.413 28.123 
1.7 49.440 6.21 3,413 27,172 
1.7 49,440 6.29 3,413 26.869 
1.7 49,440 6.50 3.413 25,960 
1.7 49,440 5.57 3.413 25,683 
1.8 49,440 6.79 3.413 24.851 
1.8 49,440 6.94 3.413 24,314 
1.8 49,440 6.94 3.413 24,314 
1.8 49,440 6.94 3.413 24,314 
1.6 49,440 6.94 3.413 24,314 
1,8 49,440 6.94 3~413 24,314 
1.8 49,440 6.94 3,413 24,314 

Cak:u~tad 
Btuh Rejected, 

(Btuh) 
82,333 
80,921 
80,921 
80,288 
71,126 
70,751 
69,970 
69,276 
69,055 
68,391 
68,189 
67,581 
67,189 
67,189 
67,189 
67,189 
67,189 
67,189 

Load Factor 
(unitless) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

CocnpfelMr, or 
En='gy U~ 

(kWh) 
(kWh) 

10 
74 

489 
1,437 
1,824 
2,273 
2,749 
3,377 
4,063 
4,464 
5,301 
5,847 
5,710 
4,691 
3.542 
2,065 
827 
166 

48,907 
9.64 

Applicstton 
48,902 

9.6 

61060.XLS 



LT#1, Measure #2 

Cond~ser Capadty 1,984,500 Btuh 
Ice Cream Condensing Circuits 6 circuits 
LT#1 Conde~sin 9 Circuits 12 circuits 
LT#2 Co-- l ien  9 Circuits 0 circuits 
MT#1 CondqmlCng Circuits 34 circuits 
MT#2 Condensing Circuits 13 circuits 
AC Condensing Circuits 35 circuits 
Total Circuits 100 

Btuh Capacty 
119,070 
238,140 

0 
674,730 
257,985 
694,575 

1,984,500 

Bin Coincident 
Temperature Wet-Bulb Hour per bin 

(°F) (°F) (hours) 
113 74 1.0 
108 72 8.0 
103 70 53.0 
98 68 159.0 
93 66 267.0 
88 66 364.0 
83 63 457.0 
78 61 581.0 
73 59 707.0 
68 56 804.0 
63 53 965.0 
58 50 1100.0 
53 47 1098.0 
48 43 902.0 
43 40 681.0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

R~rigemtion 
Case Load 

(Btuh) 
108 900 
108 900 
108 900 
108 900 
108 900 
108 900 
108 900 
108 900 
108 900 
108 900 
108 9OO 
108 900 
108 90O 
108 9 0 0  
108 900 
108 900 
1089O0 
108 900 

Application 
Factor 

(unttless) 

C~oJImed EquNalent Compreuor 
/~olioation ~uh r~ected Compressor Conversion Btuh rejected 

Factor. Check for case Load Effcienc~/, EER Con~ant due to work 
(unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1.4 108,900 6.30 3.413 58,996 
14 108,900 6.50 3.413 57.181 
1.4 108.900 6.60 3.413 56.315 
1.4 108,900 6.60 3.413 56,315 
1.6 108.900 6.70 3.413 55.474 
1.6 108,900 6.90 3.413 53,866 
1,6 108.900 7.00 3.413 53,097 
1.6 108.900 7.10 3.413 52.349 
1.6 108,900 7.30 3.413 50,914 
1.6 108.900 7.50 3.413 49,557 
1.6 108,900 7.60 3.413 48,905 
1,7 108,900 7.80 3.413 47,651 
1.7 108.900 8,00 3-413 48.459 
1.7 108,900 8.00 3.413 46,459 
1.7 108,900 8.00 3.413 46,459 
1.7 108,900 8 0 0  3.413 46,459 
17 108,900 8.00 3.413 46,459 
1.7 108.900 8.00 3.413 46.459 

Calcu~ted 
Btuh Rejected. 

Ched¢ 
(Btuh) 

167,896 
166,081 
165,215 
165,215 
149.396 
148,222 
147,660 
147,115 
146,068 
145,076 
144.600 
143,685 
142,815 
142,815 
142.815 
142,815 
142,815 
142.815 

Load Factor 
(unitless) 

1,00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Compressor 
Energy Use 

(kWh) 
(kWh) 

17 
134 
575 

2.624 
3,405 
4,194 
5,190 
6,505 
7.699 
8,522 
10,094 
11,211 
10,911 
8.963 
6,767 
3,945 
1,580 
318 

9 2 . 9 5 5  
17 29 

Application 
93,159 

17.2 

61060.XLS 



MT#1, Measure #2 

Condenser Capacity 1,984,500 Btuh Btuh Capacity 
Ice Cream CondenMng Cimults 6 circuits 119,070 
LT#1 Conde~lsing Circuits 12 circuits 238,140 
LT#2 Condens, ktg Circuits 0 circuits 0 
MT#1 Conden~ng Circuits 34 circuits 674,730 
MT#2 Condensing Cimuits 13 circuits 257,985 
AC Condensing Circuits 35 circuits 694,575 
Total Circuits 100 1,984,500 

~n Coincident R~rigera~on 
Temppmtum Wet-Bulb Hour per ~n Case Load 

~ (o~ (hours) (Btuh) 
113 74 1.0 367,000 
108 72 8.0 367,000 
103 70 53.0 367,000 
98 68 159.0 367,000 
93 66 287.0 367,000 
88 66 364.0 367,000 
83 63 457.0 367,000 
78 51 581.0 367,000 
73 59 707.0 367,000 
68 56 804.0 367,000 
63 53 965.0 367,000 
58 50 1100.0 367,000 
53 47 1098.0 367,000 
48 43 902.0 367,000 
43 40 681.0 367,000 
38 36 397.0 367,000 
33 32 159.0 367,000 
28 27 32.0 367,000 

Application 
Factor 

(unitless) 

Calculated EquNalont Compre~or 
AppllcaUon Btuh rejected Compressor Conversion Btuh rejected 

Factor, Check for case Load Efficiency, EER Constant due ~ work 
(unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1.4 367.000 9.54 3.413 131,297 
1.4 367,000 9.92 3.413 126,267 
4.4 367,000 9.92 3.413 126,267 
1.4 367.000 10.11 3.413 123,894 
1.5 367,000 10.50 3.413 119,292 
1.5 367,000 10.69 3.413 117,172 
1.5 387,000 11.07 3.413 113,150 
1.5 367,000 11.45 3.413 109,395 
1.5 387.000 11.61 3.413 107,887 
1.5 387,000 11.92 3.413 105,081 
1.5 367.000 12.23 3,413 102,418 
1.5 367,000 12.53 3.413 99,966 
4.5 367,000 12.84 3.413 97,552 
1.5 367,000 13.00 3.413 96,352 
1.5 367,000 13.00 3.413 96,352 
1.5 367,000 13.00 3.413 96,352 
1.5 367,000 13.00 3,413 96,352 
15 367,000 13.00 3.413 96,352 

Calcu~led 
Btuh Rejected, 

Check 
(Btuh) 

498,297 
493,267 
493,267 
490,894 
454,084 
452,536 
449,600 
446,858 
445,758 
443,709 
441,765 
439,975 
438,213 
437,337 
437,337 
437,337 
437,337 
437,337 

Load Factor 
(unitless) 

1.00 
1.00 
1.00 
1-00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Compressor 
Energy Use 

(kWh) 
(kWh) 

38 
296 

t ,981 
5,772 
7,323 
9,122 
11,060 
13,594 
16,315 
18,070 
21,139 
23,520 
22,910 
18,589 
14,034 
8,182 
3,277 
659 

195.862 
36.47 

Application 
195,872 

38.5 

61060.XLS 



MT#2, Measure #2 

ConOerlser Capacity 1,984,500 Btuh Btufl Capacity 
Ice Cream Condensing Circuits 6 circuits 119.070 
LT#1 Cond~lsing Circuits 12 circuits 238.140 
LT#2 Condensing Circuits 0 circuits 0 
MT#1 Condtmsing Circuits 34 circuits 674,730 
MT#2 Condensing Circuits 13 circuits 257,985 
AC Condensing Circuits 35 circuits 694,575 
Total Circuits 1 O0 1 ,g84,500 

~n C.,o~nck~mt RMdgeraUon 
Temperature Wet-Bulb Hour I ~  ~n Case Load 

(°~ (° R (flours) (Btuh) 
113 74 1.0 145,200 
108 72 8.0 145,200 
103 70 53.0 145,200 
98 68 159.0 145,200 
93 66 287.0 145,200 
88 66 364.0 145,200 
83 63 457.0 145.200 
78 61 581.0 145,200 
73 59 707.0 145,200 
68 56 804.0 145,200 
63 53 965.0 145,200 
58 50 1100.0 145,200 
53 47 1099.0 145,200 
48 43 902.0 145,200 
43 40 681.0 145,200 
38 36 397.0 145,200 
33 32 159.0 145,200 
28 27 32.0 145,200 

Application 
Factor 

(unitless) 

Calculated Equ~alent Co rnp r~ r  
Application Btuh rejected Compressor Conversion Btuh rejected 

Factor, Check for case Load Efficiency, EER Con=ant G~,Je to work 
(unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-flr) (Btuh) 

1.4 145.200 11.81 3.413 41.962 
1.4 145,200 12.14 '3.413 40,821 
14 145,200 12.30 3.413 40,290 
1.4 145.200 12.47 3.413 39,741 
1.5 145,200 12.80 3.413 38,716 
1.5 145.200 12.96 3.413 38.238 
1.5 145,200 13.29 3.413 37,289 
1.5 145,200 13.46 3.413 36,816 
1.5 145.200 13.87 3.413 35.729 
1.5 145,200 14.28 3.413 34,704 
1.5 145,200 14.69 3.413 33.735 
1.5 145,200 15.10 3.413 32,819 
1.5 145,200 15.51 3.413 31,951 
t.5 145.200 15.51 3.413 31.951 
1.5 145,200 15.51 3.413 31,951 
1.5 145.200 15.51 3.413 31,951 
1.5 145,200 15.51 3.413 31,951 
1,5 145,200 15.51 3.413 31,951 

C~cu4ated 
Btuh Rejected, 

Cl'teck 
(Btufl) 

187.162 
186,021 
185,490 
184,941 
173,463 
173.114 
172,421 
172,077 
171,283 
170,534 
169,827 
169,158 
168,525 
168,525 
168,525 
166.525 
168,525 
168,525 

Load Factor 
(unitless) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

C, omwe~or 
Energy Use 

(kWh) 
(kWh) 

12 
96 

626 
1,851 
2.377 
2,977 
3,645 
4.575 
5,403 
5,968 
6.963 
7,722 
7,504 
5,164 
4.654 
2,713 
1,067 
219 

64,555 
12.29 

Application 
64,547 

12.3 
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AC, Measure #2 

Condenser Capacity 1,984,500 Btuh Btuh Capacity 
Ice Cream Condensing Circuits 6 circuits 119,070 
LT#I Condensing Circuits 12 circuits 238,140 
LT#2 Condensing Circuits 0 circuits 0 
MT#I Condensing Circuits 34 circuits 674.730 
MT#2 Condensing Circuits 1 3 circuits 257,985 
AC Condensing Circuits 3 5 circuits 694.575 
Total Circuits 100 1,984,500 

Bin Coincident 
Temperature Wet-Bulb Hour per bin 

(OF) (oF) (hours) 
113 74 1.0 
108 72 8.0 
103 70 53.0 
98 68 159.0 
93 66 287.0 
88 66 364.0 
83 63 457.0 
78 61 581.0 
73 59 707.0 
68 56 804.0 
63 53 965.0 
58 50 1100.0 
53 47 1098.0 
48 43 902.0 
43 40 681.0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

Equiv~ent Compressor 
Btuh rejected Compressor Conversion BJuh rejected 

AC Load AC Load f~  AC Efficiency, EER Consta~ due to wo~ 
(tons) (Btuh) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 
37.00 444,000 444,000 23,22 3.413 65,261 
37.00 444,000 444,000 25.03 3.413 60,542 
37.58 450,960 450,960 25.03 3.413 61,491 
31.80 381,600 381,800 25.93 3,413 50,228 
26.02 312,240 312,240 26.83 3,413 39,720 
20.23 242,760 242,760 28.10 3.413 29,485 
14,45 173,400 173,400 28.73 3.413 20,599 
8.67 104,040 104,040 29.87 3.413 11,888 
2.89 34,680 34,680 31.01 3.413 3,817 

C~culeted 
~uh 

Reje~ed, 
Check 
(Btuh) 

509,261 
504,542 
512,451 
431,828 
351,960 
272,245 
193,999 
115,928 
38,497 

Load Factor 
(unitless) 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
t .00 
1.00 

kWh= 
kWh= 

Compre~or 
Energy Use 

(kWh) 
(kWh) 

19 
142 
955 

2,340 
3,340 
3,145 
2,758 
2,024 
791 

15,513 
19,12 

Application 
7,782 

16 
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Condenser, Measure #2 

Condenser Capacity 1,984,500 
Ice Cream Condensing Circuits 6 
LT#1 Condensing Circuits 1 2 
LT#2 Condensing Circuits 0 
MT#1 Condensing Circuits 34 
MT#2 Condensing Circuits 1 3 
AC Condensing Circuits 35 
Total Circuits 1 00 

Btuh 
circuits 
circuits 
circuits 
circuits 
circuits 
circuits 

Btuh Capacity 
119,070 
238,140 

0 
674,730 
257,985 
694,575 

1,984,500 

Bin Coincident 
Temperature Wet-Bulb Hour per bin 

(°F) (°F) (hours) 
11 3 74 1.0 
108 72 8.0 
103 70 53.0 
98 68 159.0 
93 66 287.0 
88 66 364.0 
83 63 457.0 
78 61 581.0 
73 59 707.0 
68 56 804.0 
63 53 965.0 
58 50 1100.0 
53 47 1098.0 
48 43 902.0 
43 40 681.0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

AC Heat 
Rejection 

(Btuh) 
509261 
504 542 
512 451 
431 828 
351 960 
272 245 
193 999 
115 928 
38,497 

0 
0 
0 
0 
0 
0 
0 
0 
0 

Refrigeration 
Heat 

Rejection 
(Btuh) 

935 687 
926 290 
924 893 
921 338 
848 069 
844 623 
839 651 
835,325 
832 162 
827 710 
824 381 
820 399 
816 742 
815 866 
815 866 
815 866 
815 866 
815 866 

Condenser 
Load Factor 

(unitless) 

Calculated 
Condenser 

Load Factor, 
Check 

(unitless) 
1.4 
1.4 
1.4 
1.5 
1.7 
1.8 
1.9 
2.1 
2.3 
2.4 
2.4 
2.4 

2.4 
2.4 
2.4 
2.4 
2.4 
2.4 

Total Rejected 

Total Heat 
Rejection 

(Btuh) 
1,444,949 
1,430,833 
1,437:344 
1,353,165 
1,200,028 
1,116,869 
1,033,650 
951,253 
870,659 
827,710 
824,381 
820,399 
816,742 
815,866 
815,866 
815,866 
815,866 
815,866 

18,207,31 

Total Heat 
Rejection 
from the 

Application 
(MBtuh) 
1,312 
1,306 
1,313 
1,243 
1,171 
1,102 
1,035 
925 
922 
919 
917 
914 
911 
911 
912 
912 
912 
912 

Total Heat 
Rejection 
from the 

Application 
(Btuh) 

1,312,000 
1,306,000 
1,313,000 
1,243,000 
1,1 71,000 
1,102,000 
1,035,000 
925,000 
922,000 
919,000 
917,000 
914,000 
911,000 
911,000 
912,000 
912,000 
912,000 
912,000 

1 18,549 18,549,000 
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Ice Cream, Measure #1 

Condenser Capactty 1,984,500 Btuh Btuh Capacity 
Ice Cream Condensing CIrcu~ts 6 circuits 119,070 
LT#1 Conclensing Circuits 12 circuits 238,140 
LT#2 Condensing Circuits 0 circuits 0 
MT#I Condensing Circuits 34 circuits 674.730 
MT#2 Condensing Circuits 13 circuits 257,965 
AC Condensing Circuits 35 circuits 694,575 
Total Circuits 100 1,984,500 

Bin Coincident Refrtgeratlon 
Temperature Wet-Bulb Hour per bin Case LoeO 

(°F) (°F) (hours) (Btuh) 
113 74 1.0 49,440 
108 72 6.0 49,440 
103 70 53.0 49,440 
98 68 159.0 49,440 
93 66 287.0 49,440 
88 66 364.0 49.440 
83 63 457.0 49,440 
78 61 581.0 49,440 
73 59 707.0 49,440 
68 56 604.0 49,440 
63 53 965.0 49,440 
56 50 1100.0 49,440 
53 47 1098.0 49,440 
46 43 902.0 49,440 
43 40 681.0 49,440 
38 36 397.0 49,440 
33 32 159.0 49,440 
28 27 32.0 49,440 

Application 
Factor 

(unitless) 

Calculated EquNalent Compressor 
AppllcaUon Buh reje~ed Compressor Conversion Btuh rejected 

Factor, Check for case Load Efficiency, EER Consent @ae to work 
(unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1.5 49.440 5.57 3.413 30.294 
1.5 49,440 5.68 3.413 29,708 
1.5 49,440 5.68 3.413 29,708 
1.5 49,440 5.68 3.413 29,708 
1.7 49.440 5.68 3.413 29,708 
1.7 49,440 5.68 3.413 29,706 
1.7 49,440 5.68 3.413 29,708 
1,7 49,440 5.68 3.413 29,708 
1.7 49,440 5.68 3.413 29.708 
1.7 49.440 5.68 3.413 29,708 
1.7 49,440 5.68 3.413 29.706 
1.7 49.440 5.68 3.413 29,708 
17 49,440 5.68 3.413 29.708 
1.7 49,440 5.68 3.413 29,708 
1.7 49.440 5.68 3.413 29,708 
17 49,440 5.68 3.413 29,708 
1.7 49.440 5.68 3.413 29,706 
1 7 49.440 5.68 3.413 29,708 

Calcu~tecI 
Btuh P, qect~, 

Check 
(Btuh) 
79,734 
79,148 
79,148 
79,148 
71.126 
71,126 
71,126 
71,126 
71,126 
71.126 
71,126 
71.126 
71,126 
71.126 
7~.126 
71,126 
71,126 
71,126 

Loacl Factor 
(unitless) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 

kwh= 
kWh= 

Compressor 
Energy Use 

(kWh) 
(kWh) 

9 
70 

461 
1,384 
1.824 
2,313 
2,904 
3,692 
4,492 
5.109 
6,132 
6,989 
6,977 
5,731 
4.327 
2,523 
1,010 
203 

56,150 
8.88 

Application 
56,173 

8.9 
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LT#1, Measure #1 

Condenser Capadty 1,984,500 Btuh Btuh Capacity 
Ice Cream CCo~l~nsing Circuits 6 circuits 119,070 
LT#1 Condensing Circuits 1 2 circuits 238,140 
LT#2 Condor!sing Circuits 0 circuits 0 
MT#1 Condensing Circuits 34 circuits 674,730 
MT#22 Condensing Circuits 13 circuits 257,985 
AC CondecJsing Circuits 35 circuits 694,575 
Total Circuits 100 1,984,500 

~n Colncl0ent RMdgemUon 
Temperature Wet-Bulb Hour per ~n CaN Load 

(o r (°F) (hours) (Btuh) 
113 74 1.0 108,900 
108 72 80  108,900 
103 70 53.0 108,900 
98 68 159.0 108,900 
93 66 287.0 108,900 
88 56 364.0 108,900 
83 63 457.0 108,900 
78 61 581.0 108,900 
73 59 707,0 108,900 
68 56 804.0 108,900 
63 53 965.0 108,900 
55 50 1100.0 108,900 
53 47 1098.0 t08,900 
48 43 902.0 108,900 
43 40 681.0 108,900 
38 36 397.0 108,900 
33 32 159.0 108,900 
28 27 32.0 108,900 

Applicatfon 
Factor 

(unltless) 

C=culated EquNalent Es~mated CC, omprselor 
App(ioation Btuh rsje~ecl Compressor Conver=on Btuh mjectod 

Factor, Check for case Load Effk;ter~cy, EER Constant due to work 
(unltless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1.4 108,900 6.50 3.413 57,181 
1.4 108,900 6.70 3.413 55,474 
1.4 108,900 6.70 3.413 55,474 
1.4 108,900 6.70 3-413 55,474 
1.6 108,900 6.70 3.413 55,474 
1.6 108.900 6.70 3.413 55,474 
1.6 108,900 670 3.413 55,474 
1.6 108,900 6.70 3.413 55,474 
1.6 108.900 6.70 3.413 55.474 
16 108,900 6.70 3.413 55,474 
1.6 108,900 6.70 3.413 55,474 
1.6 108,900 6.70 3.413 55,474 
1.6 108,900 6.70 3.413 55,474 
1.6 106.900 6.70 3.413 55,474 
1.6 106,900 8.70 3.413 55,474 
1.6 108,900 6.70 3.413 55,474 
1.6 108,900 6.70 3.413 55,474 
1.6 108,900 6.70 3.413 55,474 

CC, alctJlate¢l 
Btuh Rejocto¢l, 

Check 
(Btuh) 

166,081 
164,374 
164,374 
164,374 
149.396 
149.396 
149,396 
149,396 
149,396 
149,396 
149,396 
149,396 
149,398 
149,396 
149,396 
149,396 
149,396 
149,398 

Load Fe=or 
(unltless) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

CompflNlaot 
Energy Use 

(kWh) 
(kWh) 

17 
130 
861 

2,584 
3,405 
4,319 
5,422 
6,894 
8,389 
9.540 
11,460 
13,052 
13,028 
10.702 
8,080 
4,710 
1,887 
38O 

t 04.850 
16.75 

Application 
104,551 

15.8 
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MT#1, Measure #1 

Condenser Capacity 1,984,500 Btuh Btuh Capacity 
Ice Cream CCondefising Circuits 6 circuits 119,070 
LT#I Condensing Circuits 12 circuits 236,140 
LT#2 Cortden~ng Circuits 0 circuits 0 
MT#I Condemdn 9 Circuits 34 circuits 574,730 
MT#2 Condensing Circuits 13 circuits 257,985 
AC Condensing Circuits 35 circuits 694,575 
Total C4rcuits 1 O0 1,984,500 

Bn Coincident 
Tempe~ture Wet-Bulb Hour per ~n 

(°~ (=F) (hours) 
113 74 1.0 
108 72 8.0 
103 70 53.0 
98 68 159.0 
93 66 287.0 
88 66 364.0 
83 63 457.0 
78 61 581.0 
73 59 707,0 
68 56 804.0 
63 53 965.0 
58 50 1100.0 
53 47 1098.0 
48 43 902.0 
43 4O 681.0 
38 36 397.0 
33 32 159,0 
28 27 32.0 

RefrlgemUen 
CaseLoad 

(Btuh) 
367 000 
367 000 
367 000 
367 000 
367 000 
367 000 
367 000 
367 000 
367 000 
367 000 
367 000 
367 000 
367 000 
367 000 
367 000 
367000 
367,000 
367,000 

Application 
Factor 

(unitless) 

Calculated Equ~atsnt Compresen¢ 
ARoltcaUon Btuh rejected Compreasor Cenvorl~orl Btuh rWected 

Factor, Check ~r case Load Efficiency, EER CCons~nt due m work 
(unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1.4 367,000 9.92 ,3.413 126,267 
1.4 367,000 10.50 3.413 119,292 
1.4 367,000 10.50 3.413 119,292 
1.4 367.000 10.50 3.413 119,292 
1 4 367,000 10.50 3.413 119,292 
1.5 367,000 10.50 3,413 119,292 
1.5 367,000 10.50 3,413 119,292 
15 367,000 10.50 3,413 119,292 
1.5 367.000 10.50 3.413 119,292 
1.5 367,000 10.50 3,413 119,292 
1.5 367.000 10.50 3,413 119,292 
1.5 367,000 10.50 3.413 119,292 
1.5 367,000 10.50 3.413 119,292 
1.5 367,000 10.50 3.413 119,292 
1.5 367,000 10.50 3.413 119,292 
1.5 367.000 10.50 3.413 119,292 
1.5 367,000 10.50 3.413 119,292 
1.5 367,000 10.50 3.413 119,292 

Calculated 
etuh Rq*cted, 

C~eck 
(Stub) 

493 267 
488 292 
486 292 
486 292 
486 292 
454 084 
454 084 
454 084 
454 084 
454 084 
454 084 
454 084 
454 084 
454 084 
454 084 
454 084 
454 084 
454 084 

Load Factor 
(unltless) 

1.00 
1.0O 
1.00 
1.00 
1,00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0,73 

kWh= 
kWh= 

Compr~or 
Energy Use 

(kWh) 
(kWh) 

37 
28O 

1,852 
5,557 
10,031 
9,288 
11.860 
14.824 
18.039 
20.514 
24.622 
28.067 
28.016 
23.015 
t 7.376 
t0.130 
4.057 
816 

228.152 
37.00 

Application 
225,576 

37 
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MT#2, Measure #1 

Condenser Capacity 1.984.500 Btuh Btuh Capacity 
Ice Cream Coqldenldng Circuits 6 circuits 119,070 
LT#1 Conckmsing Circuits 12 circuits 238.140 
LT#2 Condemdng Circuits 0 circuits 0 
MT#I Conckmldng Circuits 34 circuits 674,730 
MT#2 Condensing Circuits 13 circuits 257.985 
AC Condefl~ng Circuits 35 circuits 694,575 
Total circuits 100 1,984.500 

Bin Coincident RMrtgeragon 
Temperature Wet-Bulb Hour per ~n Case Load 

(o~ (=F) (hours) (Btuh) 
113 74 1.0 145,200 
108 72 8.0 145,200 
103 70 53.0 145,200 
98 68 159.0 145,200 
93 66 287.0 145,200 
88 66 364.0 145,200 
83 63 457.0 145,200 
78 61 581.0 145,200 
73 59 707.0 145.200 
68 56 804.0 145,200 
63 53 965.0 145,200 
58 50 1100.0 145,200 
53 47 1098.0 145,200 
48 43 902.0 145,200 
43 40 661.0 145,200 
38 36 397;0 145.200 
33 32 159.0 145,200 
28 27 32.0 145,200 

AppllcatJon 
Factor 

(unitless) 

Cak:u~ted Equ~a~nt Compm~or 
AppliceUon Btuhmjected Compressor Convemion BtuhmJected 

Factor, Check for c.aseLoad Ef6ctency, EER Cc,n~ant due to work 
(unitless) (Btuh) {Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

14 145,200 11.97 3.413 41,401 
1.4 145,200 12.47 3.413 39,741 
1.4 145,200 12.63 3.413 39,237 
1.4 145.200 12.63 3.413 39.237 
1.4 145,200 12.63 3.413 39,237 
1.5 145.200 12.63 3.413 39,237 
1.5 145,200 12.63 3.413 39,237 
1,5 145,200 12.63 3.413 39,237 
1.5 145.200 12.63 3.413 39.237 
15 145,200 12.63 3.413 39,237 
1,5 145,200 12.63 3.413 39,237 
1.5 145,200 12.63 3.413 39,237 
1,5 145,200 12.63 3.413 39,237 
1.5 145.200 12.63 3.413 39,237 
1.5 145,200 12.83 3.413 39,237 
1.5 145,200 12.63 3.413 39,237 
1.5 145,200 12.63 3.413 39,237 
15 145,200 12.63 3.413 39,237 

Calculated 
Buh Rejectea, 

C~led¢ 
(Btuh) 

186,601 
184,941 
184,437 
184,437 
184,437 
173,843 
173,843 
173,843 
173,843 
173.843 
173,843 
173.843 
173,843 
173.843 
173,843 
173,843 
173,843 
173,843 

Load Factor 
(unltlese) 

1.00 
1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

COITtpRNN~or 
Energy Use 

(kWh) 
(kWh) 

12 
93 

609 
1,829 
3,299 
3,055 
3,835 
4,876 
5,933 
6.747 
8,099 
9,232 
9,215 
7,570 
5,715 
3,332 
1,334 
269 

75,054 
12.13 

Applicat)on 
74,145 

12.1 
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AC, Measure #1 

Coctdenser Capacity 1,984,500 Btuh 
Ice Cream Condensing Circuits 6 circuits 
LT#1 Condensing Circuits 12 circuits 
LT#2 Condensing Circuits 0 circuits 
MT#I Condensing Circuits 34 circuits 
M'r#2 Condetudng Circuits 13 circuits 
AC Condensing Circuits 35 circuits 
Total Circuits 100 

~uh Capacity 
119,070 
238,140 

0 
674,730 
257,965 
694,575 

1,984,500 

Bin Coincident 
Temperature Wet-Bulb Hour per bin 

(°F) (°F) (hours) 
113 74 1.0 
108 72 8.0 
103 70 53.0 
g8 68 159.0 
93 66 287.0 
88 66 364.O 
83 63 457.0 
78 61 581.0 
73 59 707.0 
68 56 804.0 
63 53 965.0 
58 50 1100.0 
53 47 1098.0 
48 43 902.0 
43 40 681.0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

AC Load 
(tons) 
37.00 
37,00 
37.58 
31.80 
26,02 
20.23 
14.45 
8.67 
2.89 

AC Load 
(Btuh) 

444,000 
444,000 
450,960 
381,600 
312,240 
242,760 
173,400 
104,040 
34,680 

Eq~vakmt Compreesor 
~uh rejected Compressor Conversion ~uh rejected 

f~  AC Efficiency, EER Consta~ due ~ won 
(Btuh) (Btu/WaH-hr) (Btu/Watt-hr) (Btuh) 

444,000 22.34 3,413 67,832 
444,000 23.66 3.413 64,048 
450,960 24.29 3.413 63.365 
381,600 26.83 3,413 48,543 
312,240 26.83 3,413 39,720 
242,760 26.83 3.413 30,881 
173,400 26.83 3.413 22,058 
104,040 26.63 3.413 13,235 
34,680 26.83 3.413 4,412 

Calculmed 
~uh 

Reiected. 
Ctle(~ 
(Btuh) 

511,832 
508,048 
514,325 
430,143 
351,960 
273,641 
195,458 
117,275 
39,092 

Load Factor 
(unitless) 

1,00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

Compreesor 
Energy Use 

(kWh) 
(kWh) 

2O 
150 
984 

2,261 
3,340 
3,294 
2,954 
2,253 
914 

kWh= 16,169 
kWh= 19.87 

Applicetion 
16,171 

20 

Notes 
The application assumes a lower AC load in the post-measure #2 retrofit condition. 
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Condenser, Measure #1 

Condenser Capacity 1,984,500 Btuh 
Ice Cream Condensing Circuits 6 circuits 
LT#1 Condensing Circuits 12 circuits 
LT#2 Condensing Circuits 0 circuits 
MT#1 Condensing Circuits 34 circuits 
MT#2 Condensing Circuits 13 circuits 
AC Condensing Circuits 35 circuits 
Total Circuits 100 

Btuh Capacity 
119,070 
238,140 

0 
674,730 
257,985 
694,575 

1,984,500 

Bin Coincident AC Heat 
Temperature Wet-Bulb Hour per bin Rejection 

(°F) (°F) (hours) (Btuh) 
113 74 1.0 511,832 
108 72 8.0 508,048 
103 70 53.0 514,325 
98 68 159.0 430,143 
93 66 287.0 351,960 
88 66 364.0 273,641 
83 63 457.0 195,458 
78 61 581.0 117,275 
73 59 707.0 39,092 
68 56 804.0 0 
63 53 965.0 0 
58 50 1100.0 0 
53 47 1098.0 0 
48 43 902.0 0 
43 40 681.0 0 
38 36 397.0 0 
33 32 159.0 0 
28 27 32.0 0 

Refrigeration 
Heat R~ection 

(Btuh) 
925 683 
914 755 
914 251 
914 251 
891 252 
848 449 
848 449 
848 449 
848 449 
848449  
848 449 
848 449 
848 449 
848 449 
848 449 
848 449 
848 449 
848 449 

Condenser 
Load Factor 

(unittess) 

Calculated 
Condenser 

Load Factor, 
Check 

(unitless) 
1.4 
1.4 
1.4 
1.5 
1.6 
1.8 
1.9 
2.1 
2.2 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 

Total Rejected 

Total Heat 
Rejection 

(Btuh) 
1,437,515 
1.422,803 
1,428,576 
1,344,394 
1,243,212 
1,122 090 
1.043 907 
965 724 
887 541 
848 449 
848 449 
848 449 
848 449 
848 449 
848.449 
848,449 
848,449 
848,449 

18,531,806 

Toni HeN To~l Heat 
Rejection from R~ection from 

the the 
Application Application 

(MBtuh) (Btuh) 
1,477 1,477,000 
1,473 1,473,000 
1,479 1,479,000 
1,395 1,395.000 
1,317 1,317,000 
1,238 1,238,000 
1,160 1,160,000 
1,082 1,082,000 
1,004 1,004,000 
965 965,000 
964 964,000 
964 964,000 
964 964,000 
965 965,000 
965 965,000 
965 965,000 
965 965,000 
965 965,000 

20,307 20,307,000 Heat rejection differences are significant 
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Measure #2 Summary of Findings 

Measure # Measure # 
Pre-Retrofit Post-Retrofit D e m a n d  Pre-Retroflt Post-Retrofit Energy 

Evaluation Compressor Savings D e m a n d  Demand Savings Energy Energy Savings 
Ice Cream Condensing Circuits 8.88 9.64 -0.76 56,150 48,907 7,242 
LT#1 Condensing Circuits 16.75 17.29 °0.53 104,850 92,955 11,896 
MT#1 Condensing Circuits 37.00 38.47 -1.47 228,182 195,862 32.320 
MT#2 Condensing Circuits 12.13 12.29 -0.16 75,054 64,555 10,499 
AC Condensing Circuits 19.87 19.12 0.75 16,169 15,513 656 
Total -218 kW 62,614 

Total Refer w/Compressor 85.54 458.947 
kWh 

Measure # Measure # 
Pre-Retrofit Post-Retrofit Demand  Pre-Retrofit Post-Retrofit Energy 

Application Compressor Savings D e m a n d  Demand Savings Energy Energy Savings 
Ice Cream Condensing Circuits 8.90 9.60 -0.70 56,173 48,902 7,271 
LT#1 Condensing Circuits 16.80 17,20 -0.40 104,551 93,159 11,392 
MT#1 Condensing Circuits 37.00 38.50 - 1.50 225,576 195,872 29,704 
MT#2 Condensing Circuits 12.10 12.30 -0.20 74.145 64,547 9,598 
AC Condensing Circuits 20.00 16.00 4.00 16,171 7,782 8,389 
Total 1.20 kW 66,354 kWh 

Dark Green font is an estimate because this level of detail was missing from the application. 

i ~ J r e  
Energy 

Difference in Savings per 
Measure # Pre- Post- Condenser Condenser 

Measure # Energy Condenser Condenser Heat Heat 
Pre-Retrofit Post-Retrofit D e m a n d  Pre-Retrofit Post-Retrofit Savings Rejection Rejection Rejection Rejection 

Applicaton Condenser Analysis D e m a n d  Demand Savings Energy Energy (kWh) (Btuh) (Btuh) (Btuh) (kWh/Btuh) 
Condenser Fan Use 8.00 8.00 0.00 30,435 57,732 -27,297 20,307,000 18,549,000 1,758,000 -0.02 

Measure 
Energy 

Difference in Savings per 
Pre- Post- Condenser  Condenser 

Condenser Condenser Heat Heat 
Rejection Re jec t ion  Re jec t ion  Rejection 

Evaluation Condenser Analysis (Btuh) (Btuh) (Btuh) (kWh/Btuh) Post-Energy 
Condenser Fan Use 18,531.806 18,207.311 324,494 -5,039 56,669 

Final Results for Measure #2 I 
Source Demand Impact Energy Impact I 

Evaluation -2  18 57,576 I 
Application 1.20 39r057 J 

PostDemand 
7.8526331 

0.0031124 4.3129E-07 
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Ice Cream, Measure #2 

Condenser Capacity 1,917,000 Btuh Btuh Capacity 
Ice Cream Conden=ng Circuits 3 circuits 57,510 
LT#1 Condensing Circuits 24 circuits 460.080 
LT#2 CCofldemdng Circuits 3 circuits 57,510 
MT#1 Condenming Clmuits 23 circuits 440,910 
MT#2 Condetl~dng Circuits 14 circuits 268,360 
AC CondeflcJng Circuits 33 circuits 632,610 
Total Circuits 100 1,917,000 

Bin Colnctdent Refrigeratton 
Temperature Wet-Bulb Her per bin Case load 

('F) ('F) (hours) (Btuh) 
113 74 1.0 27,150 
108 72 8.0 27,150 
103 70 53.0 27,150 
98 68 159.0 27,150 
93 66 287.0 27,150 
88 66 364.0 27,150 
83 63 457.0 27,150 
78 61 581.0 27,150 
73 59 707.0 27,150 
68 56 804.0 27,150 
63 53 965.0 27,150 
58 50 1100.0 27,150 
53 47 1098.0 27,150 
46 43  902.0 27, t 50 
43 40 681.0 27,150 
38 36 397.0 27,150 
33 32 159.0 27,150 
28 27 32.0 27,150 

Application 
Factor 

(unitless) 

Calculated Equ~alent Compressor 
Applica~on B~h r~ected Compressor Conversion Btuh rqectad 

FaVor, Check for case Load Effickmcv, EER Con~ant due to won 
(unltless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1,3 27,180 5.78 3.413 16,032 
1.4 27,150 6.00 3.413 15.444 
1.4 27,150 6.10 3.413 15,191 
1.4 27,150 6.21 3.413 14,922 
1.5 27,150 6.28 3.413 14,755 
1.5 27,150 6.43 3.413 14,411 
1.5 27,150 6.57 3.413 14.104 
1.5 27.160 6.65 3.413 13,934 
1.5 27,150 6.79 3.413 13,647 
1.6 27,150 6.94 3.413 13,352 
1~6 27,150 6.94 3.413 13,352 
1.6 27,150 6.94 3.413 13.352 
1.6 27,150 6.94 3.413 13,352 
16 27,150 6.94 3.413 13.352 
1.6 27,150 6.94 3.413 13,352 
1.6 27,150 6.94 3.413 13,352 
1.6 27,150 6.94 3.413 13,352 
1.6 27,150 6.94 3.413 13,352 

Calcu~ted 
Btuh Rejected, 

Chedc 
(Btuh) 
43,182 
42,594 
42,341 
42,072 
37,921 
37,670 
37,446 
37,322 
37,112 
36,897 
36,867 
36,897 
36,897 
36,897 
36,897 
36,897 
36,897 
36,897 

Load Factor 
(unttless) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

C o m p ~ r  
Energy Lkm 

(kWh) 
(kWh) 

5 
36 

236 
695 
906 

1,122 
1,379 
1.732 
2,064 
2,296 
2,756 
3,141 
3.135 
2,576 
1,945 
1,134 
454 
gl 

25,703 
4.70 

Application 
25,700 

4.7 
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LT#1, Measure #2 

Condenser Capacity 1,917,000 Btuh Btuh Capacity 
Ice Cream C,u~densin 9 Circuits 3 circuits 57,510 
LT#1 Condensing Circuits 24 circuits 460.080 
LT#2 Condensing Circuits 3 circuits 57,510 
MT#I Condensing Circuits 23 circuits 440.910 
MT#2 Condensing Circuits 14 circuits 288,380 
AC Con0enslng Circuits 33 circuits 632,610 
Total Circuits 100 1,917,000 

Bin Coincident Refdgeratlon 
Temperature Wet-Bulb Hour per bin Case Load 

(°F) (OF') (hours) (Btuh) 
113 74 1,0 237,900 
I08 72 8.0 237,900 
103 70 53.0 237,900 
98 68 159.0 237,900 
93 66 287.0 237,900 
88 66 364.0 237,900 
83  63 457.0 237,900 
78 61 581.0 237,900 
73 59 707.0 237,900 
68 56 804.0 237,900 
63 53 965.0 237,900 
58 50 1100.0 237,900 
53 47 1098.0 237,900 
48 43 902.0 237,900 
43 40 661. 0 237.900 
38 36 397,0 237,900 
33 32 159.0 237,900 
28 27 32.0 237,900 

Application 
Factor 

(unltless) 

Calcu~ted EquNalent Compreuor 
Application Btuh rejected Compreseor Correeraion Btuh rejected 

FaVor, C, heck ~r case Load Efficiency, EER Consent due ~ work 
(unitless) (Btuh) (Btu/Watt-hr) (Btu/Wett-hr) (Btuh) 

1.3 237,900 6.50 3.413 124,916 
1.3 237,900 6.70 3.413 121,187 
1.3 237,900 6.80 3.413 119,405 
1.3 237,900 6.80 3.413 119,405 
1.4 237,900 7.00 3.413 115,993 
1.4 237,900 7.10 3.413 114,360 
1.4 237,900 7.20 3.413 112,771 
1.4 237,900 7.40 3.413 109,723 
1.5 237,900 7,50 3.413 108,260 
1.5 237,900 7,70 3.413 105,448 
1.5 237,900 7.90 3.413 102,779 
1.5 237,900 8.00 3.413 101,494 
1.5 237,900 8.00 3.413 101,494 
1.5 237,900 8.00 3.413 101,494 
1.5 237,900 8.00 3.413 101,494 
1.5 237,900 8.00 3.413 101,494 
1.5 237,900 8.00 3.413 101,494 
1.5 237.900 8.00 3.413 101,494 

Calculated 
• ~ Rejected, 

Check 
(Btuh) 

362,816 
359,087 
357,305 
357,305 
322,575 
321,382 
320,223 
317,998 
316,930 
314,877 
312,929 
311,991 
311,991 
311,991 
311,991 
311,991 
311,991 
311,991 

Load Factor 
(unltlses) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

C.ofllpressot 
Energy Use 

(kWh) 
(kWh) 

37 
284 

1,654 
5,563 
7,120 
8,903 
11,023 
13,635 
16,371 
18,134 
21,214 
23,879 
23,836 
19,591 
14.783 
8,618 
3,452 
695 

198,982 
35 50 

Appflca(/on 
199,416 

36.7 
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LT#2, Measure #2 

Corclenser Capaaty 1.917,000 Btuh 
Ice Cream Condons~ng Circuits 3 circuits 
LT#I Conclan$1ng Circuits 24 circuits 
LT#2 Condensing Circuits 3 circuits 
MT#1 Condeflsing Circuits 23 circuits 
M't't2 Cof~teftsthg Citer.lira 14 circuits 
AC Condemdng CJrcuits 33 circuits 
Total Circuits 100 

Btuh Capaci~ 
57.510 

460,060 
57.510 

440,910 
266,380 
632,610 

1,917,000 

~n Coincident 
Temperature Wet-Bulb Hour per ~n 

(o~ (°~ (hours) 
113 74 1.0 
108 72 8.0 
103 70 53.0 
98 68 159.0 
93 66 287.0 
88 66 364.0 
83 63 457.0 
78 61 581.0 
73 59 707.0 
68 56 804.0 
63 53 965.0 
58 50 1100.0 
53 47 1098.0 
48 43 902.0 
43 40 681.0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

Refrigeration 
Case Load 

(Btuh) 
28,500 
28,500 
28,500 
28,500 
28,500 
28,500 
28,500 
28,500 
26,500 
28.500 
28,500 
28,500 
28,500 
28,500 
28.500 
28,500 
28,500 
28,500 

Application 
Factor 

(uniUess) 

Calculated Equ~alent CCompres~or 
Application Btuh rejected Compressor Conversion Btuh rejected 

Fac~r. Check for case Load Efficiency, EER Constant due to work 
(unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1.3 28.500 6.80 3.413 14,304 
1.4 28,500 7.00 3.413 13,896 
1.4 28,500 7.00 3.413 13.896 
1.4 28.500 7.10 3.413 13,700 
1,5 28,500 7.20 3.413 13.510 
1.5 28.500 7.40 3.413 13,145 
1,5 28,500 7.50 3.413 12,969 
1.5 28,500 7.60 3.413 12,799 
1.5 28.500 7.80 3.413 12,471 
1.5 28,500 8.00 3.413 12,159 
1.5 28,500 8.00 3.413 12,159 
1.5 28,500 8.00 3.413 12,159 
1.5 28,500 8.00 3.413 12,159 
1.5 28.500 8.00 3.413 12,159 
1.5 28,500 8.00 3.413 12.159 
1.5 28,500 8.00 3.413 12,159 
1,5 28,500 8.00 3.413 12,159 
1,5 28,500 8.00 3.413 12.159 

CalouWted 
Btuh Rejected, 

Check 
(Btuh) 
42,604 
42,396 
42,396 
42.20Q 
38,362 
38,096 
37,968 
37,843 
37.604 
37,376 
37,376 
37,376 
37,376 
37.376 
37.376 
37.376 
37,376 
37,376 

Load Factor 
(unltless) 

1.00 
1,00 
1.00 
1.00 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Compressor 
Energy Use 

(kWh) 
(kWh) 

4 
33 

216 
638 
829 

1.023 
1,268 
1,590 
1,886 
2,091 
2,510 
2,861 
2,855 
2,346 
1,771 
1,032 
413 
83 

23.450 
4.19 

Application 
23,507 

4.2 
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MT#I, Measure #2 

Condenser Capacity 1,917,000 Btuh Btuh Capacity 
Ice Cream C,ondqmsing Circuits 3 circuits 57,510 
LT#1 Conclectslng Circuits 24 circuits 460.080 
LT#2 Condensing Circuits 3 circuits 57,510 
MT#I Condensing Circuits 23 circuits 440,910 
MT#22 Con~Nlsing Circuits 14 circuits 268.380 
AC Conden~ng Circuits 33 circuits 632,610 
Total Circuits 100 1,917,000 

Bin Coln¢0ent 
Temge~ture Wet-Bulb Hour per ~n 

(°~ (°r  (hours) 
113 74 1.0 
108 72 8.0 
103 70 53.0 
98 68 159.0 
93 66 287.0 
88 66 364.0 
83 63 457.0 
78 61 581,0 
73 59 707.0 
66 56 804.0 
63 53 965.0 
58 50 1100.0 
53 47 1098.0 
48 43 902.0 
43 40 681.0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

Refdgeration 
Case Load 

(Btuh) 
288 585 
288 585 
288 585 
288 585 
288 585 
288 585 
288 585 
288 585 
288 585 
288 585 
288 585 
288 585 
288 585 
288 585 
288.585 
288,585 
288,585 
288.585 

Application 
Factor 

(unitless) 

Calculated EquN=ent 
Application Btuh rejected Cornweseor 

Factor, Check for case Load Efficiency, E.IER 
(unitless) (Btuh) 

1.2 288 585 
1.2 288 585 
1.2 288 585 
1.2 288 585 
1.3 288 585 
1.3 288 585 
1.3 288 585 
1.3 288 585 
1.3 288 585 
1.3 288 585 
1.3 288 585 
1.3 288 585 
1.3 288 585 
1.3 288 585 
1.3 268 565 
1.3 288 585 
1.3 288 585 
1.3 288 585 

Compressor 
Corlversi0n ~uh mjOct~:l 
Con=ant due ~ work 

(Btu/Watt-hr) (Btu/Wett-hr) (Btuh) 
11,97 3.413 82.284 
12.47 3.413 78,985 
12.63 3.413 77,984 
12.63 3.413 77.984 
12.96 3,413 75,999 
13.13 3,413 75.015 
13.46 3.413 73,175 
13,67 3.413 72,051 
14.08 3.413 89.953 
14.49 3.413 67.974 
14.90 3.413 66.103 
15,31 3.413 64,333 
15.51 3.413 63,504 
15.51 3.413 63.504 
15.51 3.413 63,504 
15,51 3.413 63,504 
15.51 3.413 63,504 
15.51 3.413 63.504 

Calculated 
Btuh Rejected, 

Cl~ecJ¢ 
(Btuh) 

370,869 
367,570 
366.569 
366.569 
344,064 
343,346 
342,003 
341,182 
339.651 
338,206 
336.840 
335,548 
334,943 
334,943 
334,943 
334,943 
334,943 
334,943 

Load Factor 
(unitless) 

1.00 
1.00 
1.00 
1.00 
0,73 
0,73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 

kWh= 
kWh= 

Comon~or 
Energy LhJe 

(kWh) 
(kWh) 

24 
185 

1,211 
3,633 
4,665 
5,840 
7,153 
8,954 
10,576 
11,689 
13,644 
15,136 
14,914 
12,252 
9.250 
5,392 
2,160 
435 

127,114 
24.11 

Application 
127,119 

24.1 
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MT#2, Measure #2 

Conc~tl~r C~oadty 1,917,000 Btuh Btuh Capacity 
Ice Cream Conde~dng Cimults 3 circuits 57,510 
LT#1 Cot'~d~mslng Circuits 24 circuits 460,080 
LT#2 C, onden~ng Circuits 3 circuits 57,510 
MT#I Cond~ldng Circuits 23 circuits 440, 910 
MT#2 Condemdng Circuits 14 circuits 268,380 
AC Condensing Circuits 33 circuits 632,610 
Total Circuits 100 1,917,000 

~n Coincident Refrigeration 
Temperature Wet-Bulb Hour per ~n ~ Loed 

(=~ (°F) (hours) (Btuh) 
113 74 1.0 164,124 
108 72 8.0 164,124 
103 70 53.0 164,124 
98 68 159.0 164,124 
93 66 287.0 164,124 
88 66 364.0 164,124 
83 63 457.0 164,124 
78 61 581.0 164,124 
73 59 707.0 164,124 
68 56 804.0 164,124 
63 53 965.0 164,124 
58 50 1100.0 164,124 
53 47 1098.0 164,124 
48 43 902.0 164,124 
43 40 681.0 164,124 
38 36 397,0 164,124 
33 32 159.0 164,124 
28 27 32.0 164,124 

Application 
Factor 

(unitless) 

Calculated Equwalent Comprmor 
At~oIIcation ~uh rejected Compressor Conversion Btuh rejected 

Facet, Chect( mr calm Load Efficiency, EER Constant due to work 
(unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

12 164.124 10.11 3.413 55,406 
1.2 164,124 10.69 3.413 52,400 
1,2 164,124 10.69 3.413 52,400 
1.2 I64.124 10.88 3.413 61.485 
1.3 164,124 11.26 3.413 49,747 
1.3 164,124 11.61 3.413 48.248 
1.3 164,124 11.76 3,413 47,632 
1,4 164,124 12.07 3.413 46,409 
1.4 164,124 12.38 3.413 45.247 
1.4 164,124 12.69 3.413 44,141 
1.4 164,124 13.00 3.413 43,089 
1.4 164,124 13.00 3.413 43,089 
1.4 164,124 13.00 3.413 43,089 
1.4 164,124 13,00 3.413 43,089 
1.4 164,124 13.00 3.413 43,089 
1.4 164,124 13.00 3.413 43,089 
1.4 164,124 13.00 3.413 43,089 
1,4 164,124 13.00 3.413 43,089 

Calculated 
Btuh Rejected, 

Check 
(Btuh) 

219,530 
216,524 
216,524 
215,609 
200,440 
199,345 
198,896 
198,002 
197,154 
196,347 
195,579 
195,579 
195,579 
195,579 
195,579 
195,579 
195,579 
195,579 

Load Factor 
(unttless) 

1.00 
1,00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Compr~or 
Energy 

(kWh) 
(kWh) 

16 
123 
814 
2,399 
3,054 
3,756 
4,656 
5.767 
6,842 
7.591 
8,894 
10,138 
10,119 
8,313 
6.276 
3,659 
1,465 
295 

84,177 
16.23 

Application 
84,182 

18.2 
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AC, Mea.sum #2 

Condenser Capacity 1,917,000 Btuh 
Ice Cream CondensVIg Circuits 3 circuits 
LT#1 Conden~dng Circuits 24 circuits 
LT#2 Condensing Circuits 3 circuits 
M'r#1 Condemdng Circuits 23 circuits 
MT#22 Condensing Cimutts 1 4 circuits 
AC Condensing Circuits 33 circuits 
Total Circuits 100 

Btuh Capacib/ 
57,510 

460,080 
57,510 

440,910 
268,380 
632,610 

1,917,000 

Bin Coincident 
Temperature Wet-Bulb Hour per bin 

(°F) (°F) (hours) 
113 74 1.0 
108 72 8.0 
103 70 53.0 
98 68 159,0 
93 66 287.0 
88 66 364.0 
83 63 457,0 
78 61 581.0 
73 59 707.0 
68 56 804.0 
63 53 965.0 
58 50 1100.0 
53 47 1098.0 
48 43 902.0 
43 40 681.0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

ACLoad 
(tons) 
40.00 
40.00 
40.63 
34.38 
28.13 
21.88 
15.63 
9.38 
3.13 

AC Load 
(Btuh) 

480,000 
480,000 
487,560 
412,560 
337,560 
262,560 
187,560 
112,560 
37,560 

Equtvakmt Compre~or 
~uh rejected Compressor Conversion ~uh rejected 

for AC Efficiency, EER Consta~ due to won 
(Btuh) (Btu/Wa~-hr) (Btu/Wa~-hr) (Btuh) 

480,000 26,24 3.413 62,433 
480,000 27.56 3,413 59,443 
487,560 27.56 3.413 60,379 
412,560 31.52 3,413 44,672 
337,560 36.05 3.413 31,958 
262,560 44.28 3,413 20,238 
187,560 48.39 3,413 13,229 
112,560 32.31 3,413 11,890 
37,560 33.10 3.413 3,873 

C~cuimed 
Btuh 

Rejected, 
Check 
(Btuh) 

542,433 
539,443 
547,939 
457,232 
369,518 
282,798 
200,789 
124,450 
41,433 

Load Factor 
(unitless) 

1.00 
1.00 
1,00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

kWh= 
kwh= 

Compressor 
E.n~/Ueo 

(kWh) 
(kWh) 

18 
139 
938 

2,081 
2,687 
2,158 
1,771 
2,024 
8O2 

12,620 
18.29 

Application 
7,943 

'16 
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Condenser, Measure #2 

Condenser Capacity 1,917,000 Btuh 
Ice Cream Condensing Circuits 3 circuits 
LT#1 Condensing Circuits 24 circuits 
LT#2 Condensing Circuits 3 circuits 
MT#1 Condensing Circuits 23 circuits 
MT#2 Condensing Circuits 14 circuits 
AC Condensing Circuits 33 circuits 
Total Circuits 100 

Btuh Capacity 
57,510 

460,080 
57,510 

440,910 
268,380 
632,610 

1,917,000 

Bin Coin~dent 
Temperature Wet-Bulb Hour per bin 

(°F) (°F) (hours) 
113 74 1.0 
108 72 8.0 
103 70 53.O 
98 68 159.0 
93 66 287.0 
88 66 364.0 
83 63 457.0 
78 61 581.0 
73 59 707.0 
68 56 604,0 
63 53 965.0 
58 50 1100.0 
53 47 1098.0 
48 43 902.0 
43 40 681.0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

AC Heat 
Rejection 

(Btuh) 
542 433 
539 443 
547 939 
457 232 
369 518 
282 798 
200 789 
124 450 
41 433 

0 
0 
0 
0 
0 
0 
0 
0 
0 

Refdgemtion 
Heat Rejection 

(Btuh) 
996 397 
985 775 
982 739 
981 554 
905 000 
901 743 
898 567 
894 505 
890 847 
886 327 
882 245 
88O 015 
879 409 
879 409 
879 409 
879 409 
879 409 
879 409 

Condenser 
Load Factor 
(unitless) 

Calculated 
Condenser 

Load Factor, 
Check 

(unitless) 
1.2 
1.3 
1.3 
1.3 
1.5 
1.6 
1.7 
1.9 
2.1 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 

Total Rejected 

T o i l  Heat 
Rejection 

(Btuh) 
1,538,830 
1.525,217 
1,530,677 
1,438,787 
1,274,518 
1,184,540 
1,099,356 
1,018,955 
932,280 
886,327 
882,245 
880,015 
879,409 
879,409 
879,409 
879,409 
879,409 
879,409 

19,468,203 

Total Heat Total Heat 
Rejection from Rejection from 

the the 
Application Application 

(MBtuh) (Btuh) 
1,526 1,525,000 
1,517 1,517,000 
1,525 1,525,000 
1,435 1,435,000 
1,342 1,342,000 
1,253 1,253,000 
1,169 1,169,000 
1,024 1,024,000 
1,020 1,020,000 
1,015 1,015,000 
1,012 1,012,000 
1,011 1,011,000 
1,011 1,011,000 
1,011 1,011,000 
1,011 1,011,000 
1,011 1,011,000 
1,011 1,011,000 
1,011 1,011,000 

20,914 20,914,000 Heat rejection differences are significant 

61061.XLS 



Ice Cream, Measure #1 

C, ondenset" Capacity 1,917,000 Btuh Btuh Capacity 
Ice Cream Condettcdng Circuits 3 circuits 57.510 
LT#1 Condensing Circuits 24 circuits 460,080 
LT#2 Cor~laing Circuits 3 circuits 57,510 
MT#I Cor~enJng Circuits 2 3 circuits 440,910 
MT#22 Co~emdng Circuits 1 4 circuits 268,380 
AC Condensing Citouits 3 3 circuits 632,610 
Total Circuits 100 1,917,000 

Calculated EoNivalent Compre¢~" 
Bin Coincident Refrigeration Application Al~olication Btuh rejected Compressor Converslo~'l Btuh rejected 

Temperature Wet-Bulb Hour per bin Case LOEKI Factor Factor, Check for calm Load Efficacy, EER Constant due to work 
(°~ ('F) (hours) (Btuh) 
113 74 1.0 27,150 
108 72 8.0 27,150 
103 70 53.0 27,150 
98 68 159.0 27,150 
93 66 287.0 27,150 
88 66 364.0 27,150 
83 63 457.0 27,150 
78 61 581.0 27,150 
73 59 707.0 27,150 
68 56 804.0 27,150 
63 53 965.0 27,150 
58 50 1100.0 27,150 
53 47 1098.0 27,150 
48 43 902.0 27,150 
43 40 681.0 27,150 
38 36 397.0 27,150 
33 32 159.0 27,150 
28 27 32.0 27,150 

(unltless) (unltless) 
1,3 
1.3 
1.3 
1.3 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1,4 

(Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 
27,150 5.06 3.413 18,313 
27,150 5.06 3.413 18,313 
27,150 5.06 3.413 18,313 
27,150 5.06 3.413 18,313 
27.150 5.06 3.413 18,313 
27,150 5.06 3.413 18,313 
27,150 5.06 3.413 18,313 
27,150 5.06 3.413 18,313 
27,150 5.06 3.413 18.313 
27.150 5.06 3.413 18,313 
27,150 5.06 3.413 18.313 
27,150 5.06 3.413 18,313 
27,150 5.06 3.413 18,313 
27,150 5.06 3.413 18,313 
27.150 5.06 3.413 18,313 
27,150 5.06 3.413 18,313 
27,150 5.06 3.413 18,313 
27,150 5.06 3.413 15,31 3 

calculated CCompre~or 
Btuh Rejected, Energy Use 

Check Load Factor (kWh) 
(Btuh) (unltless) (kWh) 
45,463 1.00 5 
45.463 1.00 43 
45,463 1.00 284 
45,463 1.00 853 
40,515 0.73 1.124 
40,518 0.73 1,426 
40,518 0.73 1,790 
40,518 0.73 2,276 
40,518 0.73 2,769 
40.518 0.73 3,149 
40,518 0.73 3,780 
40,518 0.73 4,309 
40,518 0.73 4,301 
40,518 0.73 3,533 
40,518 0.73 2,667 
40,518 0.73 1,555 
40,515 0.73 623 
40,518 0.73 125 

kWh= 34,613 
kWh= 5.37 

Application 
34,614 

5.4 
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LT#1, Measure #1 

Cor,~erJlt.~r Capscib/ 1,917,000 Btuh 
Ice Cream Condensing Circuits 3 circuits 
LT#1 Condensing Circuits 24 circuits 
LT#2 Cond4msing Clrouits 3 circuits 
MT#1 Condemldng Circuits 23 circuits 
MT#2 C, ortdefising Circuits 14 circuits 
AC Conckmsing Circuits 33 circuits 
Total Circuits 100 

Btuh Capaci~ 
57,510 

460,080 
57,510 

440,910 
268,380 
532,610 

1,917,000 

Bn Coincident 
TemDerature Wet-Bulb Hour per bin 

(°F) (°F) (hours) 
113 74 1.0 
108 72 8.0 
103 70 53.0 
98 68 159.0 
93 66 287.0 
88 56 364.0 
83 63 457.0 
78 61 561.0 
73 59 707,0 
68 56 804.0 
63 53 955.0 
58 50 1100.0 
53 47 1098.0 
48 43 902.0 
43 40 681.0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

RefdgoraUocl 
Case Lcad 

(Btuh) 
237,900 
237,900 
237,900 
237,900 
237,900 
237,900 
237,900 
237,900 
237,900 
237,900 
237,900 
237,900 
237,900 
237,900 
237,900 
237,900 
237,900 
237,900 

App|Ica6on 
Factor 

(unitless) 

Calcu~ted EquNalent Es~rnated Compm,ssor 
App(tcaUon Btuh rejected Compressor Co¢~vemon Btuh rejected 

Factor, Ched~ for case Load Elllc,~cy, EER Con=ant due to 
(unltless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1.2 237.900 6,00 3.413 135,325 
1.2 237,900 6,00 3.413 135,325 
1.2 237,900 6.00 3.413 135,325 
t.2 237,900 6.00 3.413 135,325 
1.4 237,900 6.00 3.413 135,325 
1.4 237,900 6.00 3.413 135,325 
1.4 237,900 6.00 3.413 135,325 
1,4 237,900 6.00 3.413 135,325 
1.4 237.900 6.00 3.413 135,325 
1.4 237,900 6.00 3.413 135,325 
1.4 237,900 6.00 3,413 135,325 
1,4 237,900 6.00 3.413 135,325 
1.4 237,900 6.00 3.413 135,325 
1.4 237.900 6.00 3.413 135,325 
1.4 237,900 6.00 3.413 135,325 
1.4 237,900 6.00 3.413 135,325 
1.4 237,900 6.00 3.413 135,325 
1.4 237.900 6.00 3.413 135,325 

Ca JouSted 
Btuh Rejected, 

Ctleck 
(Otuh) 

373,225 
373 225 
373 225 
373 225 
336 688 
336 688 
336 688 
336 688 
336 688 
336 688 
336 688 
336 688 
336 668 
336 688 
335 688 
336 688 
336 688 
336 888 

Load Factor 
(unltless) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Comprmor 
Envy U~ 

(kWh) 
(kWh) 

4O 
317 

2,101 
6,304 
8.307 
10,536 
13,228 
16,817 
20,464 
23,271 
27,931 
31,839 
31,781 
26,108 
19,711 
11,491 
4,602 
926 

255.775 
39.65 

Application 
256,243 

39.7 
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LT#2, Measure #1 

Condenser Capacity 1,917,000 Btuh Btuh Capacity 
Ice Cream C.ondenoing Circuits 3 cl rcults 57,510 
LT#1 Co~nsklg Circuits 24 circuits 460,080 
LT#2 Condensing Circuits 3 circuits 57,510 
MT#1 Condensing Circuits 23 circuits 440,910 
MT#22 Condensing Circuits 14 circuits 266,380 
AC Condenldng Circuits 33 circuits 632,610 
Total Circuits 100 1,917,000 

Bn Coincident RefdgeraUon 
Temper~ure Wet-Bulb Hocff ger ~n CC,4um LOiKI 

(°F) (°~ (hour) (Btuh) 
113 74 1.0 26,500 
108 72 8.0 28,500 
103 70 53.0 28,500 
98 68 159.0 28,500 
93 66 287.0 28,500 
88 66 364.0 28,500 
83 63 457.0 28,500 
78 61 581.0 28,500 
73 59 707.0 28,500 
68 56 804.0 28,500 
63 53 965.0 28,500 
58 50 1100.0 28,500 
53 47 1098.0 28,500 
48 43 902.0 28,500 
43 40 681.0 26,500 
38 36 397.0 28,500 
33 32 159.0 28,500 
28 27 32.0 28,500 

Application 
Factor 

(unitless) 

Calculated EquNalent CompreNor 
Application Btuh rejected Compmuor Conversion Btuh re,jecto¢l 

Factor, Check ~r case Load Efficiency, EER Cofls~nt due to work 
(unltlass) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.0 28,500 5.90 3.413 16,487 
1.3 28,500 6.00 3.413 16,212 
1.3 28,500 6.00 3.413 16.212 
1.3 28.500 6.00 3.413 16,212 
1.4 26,500 6.00 3.413 16,212 
1.4 26,500 6.00 3.413 16,212 
1.4 28,500 6.00 3.413 16,212 
1.4 28,500 6.00 3.413 16.212 
14 28,500 6.00 3.413 16,212 
t 4  28,500 6.00 3.413 16,212 
1.4 28,500 6.00 3.413 16,212 
1.4 28,500 6.00 3.413 16,212 
1,4 28,500 6.00 3.413 16,212 
1.4 28.500 6.00 3.413 16.212 
1.4 28,500 6.00 3.413 16,212 
1.4 28,500 6,00 3.413 16,212 
1.4 28,500 6.00 3.413 16,212 
1.4 28,500 6.00 3.413 16,212 

Calculato¢l 
Slub Rejects0. 

Cl~eck 
(Btuh) 
44,987 
44,712 
44,712 
44,712 
40,335 
40,335 
40,335 
40,335 
40.335 
40,335 
40,335 
40,335 
40,335 
40,335 
40,335 
40,335 
40,335 
40,335 

Load Factor 
(unltless) 

1 +00 
1.00 
1.00 
1.00 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0+73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

CocttprlNulor 
Energy Use 

(kWh) 
(kWh) 

5 
38 

252 
755 
995 

1.262 
1,585 
2,015 
2.452 
2,788 
3,346 
3,814 
3,807 
3,128 
2,361 
1,377 
551 
111 

30.641 
4.83 

Application 
30,697 

4.8 
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MT#1, Measure #1 

ConOenser Capadty 1,917,000 Btuh Btuh Capacity 
Ice Cream Corldenldng Circuits 3 circuits 57,510 
LT#1 Condensing Circuits 24 circuits 460,080 
LT#2 Condensing Circuits 3 circuits 57,510 
MT#1 Condensing Circuits 23 circuits 440.910 
MT#2 Condensing Circuits 14 circuits 268,380 
AC Condensing Circuits 33 circuits 632,610 
Total Circuits 100 1,917,000 

~n Co4nck:z~ent 
Temperature Wet-Bulb Hour i~r ~n 

(°~ (°~ (hours) 
113 74 1.0 
108 72 8.0 
103 70 53.0 
98 68 159.0 
93 66 287.0 
88 66 364.0 
83 63 457.0 
78 61 581.0 
73 59 707.0 
68 56 804.0 
63 53 965,0 
58 50 1100,0 
53 47 1098.0 
48 43 902.0 
43 40 681.0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

RefrlgeraUon 
Case Load 

(Btuh) 
288 585 
288 585 
288 585 
288 585 
288 585 
288 585 
288 585 
288 585 
288 585 
288 585 
288 585 
288 585 
288 585 
288 585 
285 565 
288 585 
288 585 
288 585 

Application 
Factor 

(unitlsss) 

Catcu~ted Equ~alent CCornp~llmor 
Application Buh rejected Compressor C, orm'erelon Btuh rs~ected 

Facet, Check for case Load E f f k ~ y ,  EER CCons~nt due to work 
(unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1.2 288,585 11.12 3.413 88.574 
1.2 288,585 11.12 3.413 88,574 
~.2 288,585 11.12 3,413 88,574 
1.2 288,585 11.t2 3.413 88,574 
1.2 288,585 11.12 3.413 88,574 
12 288.585 11.12 3.413 88,574 
1.2 288,585 11.12 3.413 88,574 
1.2 288,585 11.12 3.413 88,574 
1.2 288.585 11.12 3.413 88.574 
1,2 288,585 11.12 3.413 88,574 
1.2 288,585 11.12 3.413 88,574 
1.2 288,585 11.12 3.413 88,574 
1.2 288,585 11.12 3.413 88,574 
1.2 288.585 11.12 3.413 88.574 
1.2 288,585 11.12 3.413 55,574 
t.2 288,585 11.12 3.413 88,574 
1.2 288,585 11.12 3.413 88,574 
1.2 288,585 11.12 3.413 88,574 

Calculated 
Btuh Rejected, 

Check 
(Btuh) 

377,159 
377,159 
377,159 
377,159 
353,244 
353,244 
353,244 
353,244 
353,244 
353,244 
353,244 
353,244 
353,244 
353,244 
353,244 
353,244 
353,244 
353,244 

Load Factor 
(unltless) 

1.00 
1.00 
1.00 
1.00 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh = 

Compreszmr 
Energy Use 

(kWh) 
(kWh) 

25 
2O8 

1,375 
4,126 
5,437 
6,896 
8,658 
11,007 
13,394 
15,232 
18,282 
20,839 
20,801 
17,088 
12,901 
7,521 
3,012 
606 

167.411 
25.95 

Application 
167,448 

26 
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MT#2, Measure #I 

CCor~:kmser Capadty 1,917,000 Btuh 
Ice Cream Condensing Circuits 3 circuits 
LT#1 Condensing Circuits 24 circuits 
LT#2 Condep.sing Circuits 3 circuits 
MT#1 Condensing Circuits 23 circuits 
MT#2 Condensing Circuits 14 circuits 
AC Condenldng Ctroui~ 33 circuits 
Total Circuits 100 

Btuh Cape,=~ 
57,510 

460,080 
57,510 

440,910 
268,380 
632,610 

1,917,000 

I~n Coincident 
Temperature Wet-Bulb Hour per bin 

(°F) (°F) (hours) 
113 74 1.0 
108 72 8.0 
103 70 53.0 
98 68 159.0 
93 66 287.0 
88 66 364.0 
83 63 457.0 
78 61 581.0 
73 59 707,0 
68 56 804.0 
63 53 965.0 
58 50 1100,0 
53 47 1096.0 
48 43 902.0 
43 40 661.0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

RefrtgeraUon 
C, MeLcad 

(Btuh) 
164,124 
164,124 
164,124 
164,124 
164,124 
164,124 
164,124 
164,124 
164,124 
164,124 
164,124 
16,4,124 
164,124 
164,124 
18,4,124 
164,124 
184,124 
164,124 

Calculated Equivalent 
Application Application Btuh rejected Compressor Convention 

Factor FactO¢, Check for case Load Efficiency, EER Constant 
(unttless) (unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) 

Comprelaor 
Btuh relects<l 
due to wod( 

(Btuh) 
1.2 164,124 9.30 .3.413 60,232 
1.2 164,124 9.30 3.413 60,232 
1.2 164,124 9.30 3.413 60,232 
1.2 164, t 24 9.30 3.413 80,232 
1.3 164,124 9.30 3.413 60,232 
I 3 164. t 24 9.30 3.413 60,232 
1.3 164,124 9.30 3.413 50,232 
1.3 164,124 9.30 3.413 60,232 
t. 3 164,124 9.30 3.413 60,232 
1.3 164,124 9.30 3.413 60,232 
1.3 164,124 9.30 3.413 60.232 
1.3 164,124 9.30 3.413 60,232 
1,3 164,124 9.30 3.413 60,232 
1.3 t 54. t 24 9.30 3.413 60.232 
1.3 164,124 9.30 3.413 60,232 
1.3 164,124 9.30 3.413 60,232 
1.3 164,124 9.30 3.413 60,232 
1.3 164,124 9.30 3.413 60,232 

Calculated 
Btuh Rejects, 

Check 
(Btuh) 

224 356 
224 356 
224 356 
224 356 
206 093 
208 093 
208 093 
208 093 
206 093 
208 093 
208 093 
208 093 
208 093 
208 O93 
208093 
206 093 
208 093 
208 093 

Load Factor 
(unltlses) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 

kWh= 
kWh= 

Compfet~or 
Energy Use 

(kWh) 
(kWh) 

18 
141 
935 

2,806 
3,697 
4,689 
5,887 
7,485 
9,108 
10,358 
12,432 
14,171 
14,145 
11,620 
8.773 
5,114 
2,048 
412 

113.842 
17.65 

Application 
113,889 

17.7 
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AC, Measure #1 

Condenser Capacity 1,917,000 Btuh Btuh Capacity 
Ice Cream Condensing Circtdts 3 circuits 57,510 
LT#1 Condensing Circuits 24 circuits 460,080 
LT#2 Condenlming Circuits 3 circuits 57.510 
MT#1 Conden~dng Circuits 23 circuits 440,910 
MT#2 Condensing Circuits 14 circuits 268.380 
AC Condensing Circuits 33 circuits 632,610 
Total Circuits 100 1,917,000 

~n Coincident 
Tempemture W~-B~b Hour per~n 

(° r (°~ (hours) 
113 74 1.0 
108 72 8.O 
103 70 53.0 
98 68 159.0 
93 66 287.0 
88 66 364.0 
83 63 457.0 
78 61 581.0 
73 59 707.0 
68 56 804.0 
63 53 965.0 
58 50 1100.0 
53 47 1098.0 
48 43 902.0 
43 40 681.0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

Equivalent Compre~Or 
Btuh rejected Compressor Convemion Btuh rejected 

AC Load AC Load f~  AC Efficiency, EER Constant due to won 
(tons) (Btuh) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 
40,00 480,000 480,000 24.11 3,413 67,949 
40.00 480,000 480,000 24.11 3.413 67,949 
40.63 487,560 487,560 24.11 3.413 69,019 
34.38 412,560 412,560 24.11 3.413 58,402 
28.13 337,560 337,560 24.11 3.413 47,785 
21.88 262,560 262,560 24.11 3.413 37.168 
15.63 187,560 187,560 24.11 3.413 26,551 
9.38 112,560 112,560 24.11 3.413 15,934 
3.13 37,560 37,560 24.11 3,413 5,317 

Calculated 
Btuh 

R~ected, 
Check 
(Btuh) 

547,949 
547,949 
556,579 
470,962 
385,345 
299,728 
214,111 
128,494 
42.877 

Load Factor 
(unitlees) 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

Comp, niN~o r 
Energy Use 

(kWh) 
(kWh) 

2O 
159 

1,072 
2,721 
4,018 
3,964 
3,555 
2,712 
1,101 

kWh= 19,323 
kWh= 19.91 

Applic~ion 
19,318 

20 

Notes 
The application assumes a lower AC load in the post-measure #2 retrofit condition. 
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Condenser, Measure #1 

Condenser Capacity 1,917,000 
Ice Cream Condensing Circuits 3 
LT#1 Condensing Circuits 24 
LT#2 Condensing Circuits 3 
MT#1 Condensing Circuits 23 
MT#2 Condensing Circuits 14 
AC Condensing Circuits 33 
Total Circuits 100 

Btuh 
circuits 
circuits 
circuits 
circuits 
circuits 
circuits 

~uh Capacity 
57,510 

460,080 
57,510 

440,910 
268,380 
632,610 

1,917,000 

Bin Coincident AC Heat 
Temperature Wet-Bulb Hour per bin R~ection 

(°F) (°F) (hours) (Btuh) 
113 74 1.0 547,949 
108 72 8.0 547,949 
103 70 53.0 556,579 
98 68 159.0 470,962 
93 66 287.0 385,345 
88 66 364.0 299,728 
83 63 457.0 214,111 
78 61 581.0 128,494 
73 59 707.0 42,877 
68 56 804.0 0 
63 53 965.0 0 
58 50 1100.0 0 
53 47 1098.0 0 
48 43 902,0 0 
43 40 681.0 0 
38 36 397.0 0 
33 32 159.0 0 
28 27 32.0 0 

Refrigemtion 
Heat Rejection 

(Btuh) 
1,020,203 
1,020,203 
1,020,203 
1,020,203 
938 543 
938 543 
936 543 
938 543 
938 543 
938 543 
938 543 
936 543 
938 543 
938 543 
938 543 
938 543 
938 543 
938 543 

Condenser 
Load Factor 
(unitless) 

Calculated 
Condenser 

Load Factor, Total Heat 
Check R~ection 

(unitless) (Btuh) 
1.2 1,568,151 
1.2 1,568,151 
1.2 1,576,782 
1.3 1,491,165 
1.4 1,323.888 
1.5 1,238 271 
1.7 1.152 654 
1.8 1,067 037 
2.0 981 420 
2.0 938 543 
2.0 938 543 
2.0 938 543 
2.0 935 543 
2.0 938 543 
2.0 938 543 
2.0 938 543 
2.0 938 543 
2.0 938 543 

Total Rejected 20,414,405 

Total Heat Total Heat 
Rejection from Rejection from 

the 
Application 

(MBtuh) 
1 642 
1 642 
1 651 
1 565 
1 479 
1 394 
1 308 
1 222 
1 137 
1 094 
1 094 
1 094 
1 094 
1 094 
1 094 
1 094 
1 094 
1,094 

the 
Application 

(Btuh) 
1,642,000 
1,642,000 
1,651,000 
1,565,000 
1,479,000 
1,394,000 
1,308,000 
1,222,000 
1,137,000 
1,094,000 
1,094,000 
1,094,000 
1,094,000 
t ,094,000 
1,094,000 
1,094,000 
1,094,000 
1,094,000 

22,886 22,886,000 Heat rejection differences are significant 
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Measure #22 Summary of Findings 

Measure # Meesum # 
Pre-Retrofit Post-Retrofit Demand Pre-Retrofit Post-Retrofit Energy 

Evaluation Compressor Savings D e m a n d  Demand Savings Energy Energy Savings 
Ice Cream Condenelng Circutts 5.37 4.70 0.67 34,613 25.703 8,910 
LT#1 Condensing Circuits 39.65 36.60 3.05 255,775 198,982 56,793 
LT#2 Condensing Circuits 4.83 4.19 0.64 30,641 23,450 7,191 
MT#t Conclensing Circuits 25.95 24.11 1.84 167,411 127,114 40,297 
MT#2 Condensing Circuits 17.65 16.23 1.41 113,842 84,177 29,666 
AC Condensing Cimuits 19.91 18 29 1 62 19,323 12.620 6,703 
Total 9 23 kW 149,560 

Total Refer w/Compressor 97.00 519,727 
kWh 

Measure # Measure # 
Pre-Retrofit Post-Retrofit Demand Pre-Retrofit PosFRetrofit Energy 

Application Compressor Savings D e m a n d  Demand Savings Energy Energy Savings 
Ice Cream Condensing Circuits 5.40 4.70 0.70 34,614 25,700 8,914 
LT#I Condensing Circuits 39.70 36.70 3.00 256,243 199,416 56,827 
LT#2 Condensing Circuits 4,80 4.20 0.60 30,697 23,507 7,190 
MT#1 Condensing Circuits 26.00 24.10 1.90 167,446 127,119 40,329 
MT'#22 Condensing Circuits 17.70 16.20 1.50 113,889 84,182 29,707 
AC Condensing Circuits 20,00 16.00 4.00 19,316 7,943 11,375 
Total t 1.70 kW 154,342 

Dark Green font is an estimate because this level of detail was missing from the application. 

kWh 

Measure 
Energy 

Difference in Savings per 
Pre- Post- Condenser Condenser 

Measure # Measure # Condenser Condenser Heat Heat 
Pre-Retrofit Post-Retrofit Demand Pre-Retrofit Post-Retrofit Energy Re jec t i on  Rejection Rejection Rejection 

Applioaton Condenser Analysis D e m a n d  Demand Savings Energy Energy Savings (kWh) (Btuh) (Btuh) (Btuh) (kWh/Btuh) 
Condenser Fan Use 12.00 12.00 0.00 33,645 64,760 -31,135 22,886.000 20,914,000 1,972,000 -0.02 

Measure 
Energy 

Difference in Savings per 
Pre- Post- Condenser Condenser 

Condenser Condenser Heat Heat 
Rejection Rejection Rejection Rejection 

Evaluation Condenser Analysis (Btuh) (Btuh) (Btuh) (kWh/Btuh) Post-Energy 
Condenser Fan Use 20.414,405 19,468,203 946,203 -14.939 60,302 

Final Source Results for Demand Measure Impact #2 Energy Impact 

Evaluation 9.23 134,621 
Application 11.70 123~207 

Post Demand 
11.1704328 

0.00309745 5.7378E-07 
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Ice Cream, Measure #2 

Condenser Capacity 1,300,000 Btuh Btuh Capacity 
Ice Cream Co~ldenstng Circuits 2 circuits 26,263 
LT#I Condemdng Circuits 7 circuits 91,919 
MT#1 Condensing Circuits 18 circuits 236,364 
MT#2 Condensing Circuits 27 circuits 354,545 
AC Co~'ttdn 9 CJmuits 45 circuits 590,909 
Total Circuits 99 

Total Refer w/Compressor 6.50 

Bin C~n~de~t Ref rkjeratlon AppllcaUon 
Temperature W~-Bulb Hour per ~n Cue Load Fa=or 

(o~ (°~ (hours) (Btuh) (unitlees) 
113 74 1.8 26,000 1.2 
108 72 27.6 26,000 1.3 
103 70 138.8 26,000 1.2 
98 68 248.9 26,000 1.2 
93 66 322.0 26,000 1.2 
98 66 380.8 26,000 1.2 
83 63 526.0 26,000 1.1 
78 61 530.6 28,000 1.1 
73 59 671.0 26,000 1.1 
68 56 683.7 26.000 1.1 
63 53 851.7 26,000 1.1 
58 50 871.3 26,000 1.1 
53 47 1041.7 26,000 1.1 
48 43 854.2 26,000 1.1 
43 40 754.1 26,000 1.1 
38 36 488.9 26,000 1.1 
33 32 258.7 26,000 t.1 
26 27 87.2 26,000 1.1 

Calcu~ted Equ~ent Compre~or 
Ap~lcation Btuh r~ected Compressor Conversion B~h rej~mto¢l 

Factor, Check for case Load Efficiency, EER Consent due to woCK 
(unlUees) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.6 26,000 5.04 3.413 17,607 
0.6 26,000 5.06 3.413 17.537 
0.8 26,000 5,08 3.413 17.488 
0.6 26,000 5.11 3.413 t7,366 
0.7 26,000 5.13 3.413 17,298 
0,7 26,000 5.13 3.413 17,298 
0.7 26,000 5.13 3.413 17,298 
07  26,000 5.15 3.413 17.231 
0.7 26.000 5.25 3.413 16,902 
0.7 26,000 5.47 3.413 16.223 
0.7 26,000 5.68 3.413 t5,623 
0.7 26,000 5~89 3.413 15,066 
0.7 26,000 5,89 3.413 15,066 
0~7 26,000 5.89 3.413 15,066 
0.7 26,000 5.89 3.413 15,066 
0.7 26.000 5.89 3.413 15,066 
0.7 26,000 5.89 3.413 15,066 
0.7 26,000 6,50 3.413 13.652 

Calou~ted 
Btuh ReiecteO, 

(Btuh) 
43,607 
43,537 
43,468 
43.366 
38,627 
38.627 
38,627 
38,578 
38.339 
37.843 
37,405 
36,998 
36,998 
36,998 
36,998 
36,998 
38,998 
35,966 

Load Factor 
(unlUess) 

1.00 
1.00 
1.00 
1.00 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Compressor 
Energy Use 

(kWh) 
(kWh) 

9 
142 
710 

1.256 
1,191 
1,409 
1,946 
1,955 
2.426 
2.372 
2.846 
2,808 
3,357 
2,753 
2,430 
1.575 
934 
255 

30.274 
5.16 

Application 
16,375 

2.5 
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LT#1, Measure #2 

C.otu:tsnser Cape.city 1,300,000 Btuh Btuh C,8pacl~ 
Ice Cream CondenCng Circuits 2 circuits 26,263 
LT#1 Condensing Circuits 7 circuits 91,919 
MT#I Conden~dng Circuits 18 circuits 236,364 
MT#2 Condensing Circuits 27 circuits 354,545 
AC ConOenslng Circuits 45 circuits 590,909 
Total Circuits 99 

Total Refer w/Compressor 7,70 116,249 

Bn Coincident Refftgeratlen ApplCation 
Temperature Wet-Bulb Hour per bln Case Load Factor 

(°F) (°F) (hours) (Btuh) (unttless) 
113 74 1.8 116,249 1.2 
108 72 27,5 116,249 1.1 
103 70 138.6 116,249 1.1 
9 B 68 246.9 116,249 1.1 
93 66 322.0 116,249 1.1 
88 66 380.8 116,249 1.1 
83 63 526.0 116,249 1.1 
78 61 530.6 116,249 1.1 
73 59 671.0 116,249 1.1 
68 56 683.7 116,249 1.0 
63 53 651.7 116,249 1.0 
58 50 871.3 116,249 1.0 
53 47 1041.7 116,249 1.0 
48 43 654.2 116,249 1.0 
43 40 754.1 116,249 0.9 
38 36 488.9 116,249 0.9 
33 32 258.7 116,249 0.9 
28 27 87.2 116,249 0.9 

Caloulatad Equivalent Compreseo¢ 
Applloallon Btuh rejected Con~orsesor CocNer¢on Btuh rejected 

Factor, Check for case Load Effldency, EER Constant due to work 
(unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.5 116,249 6.80 3.413 58,347 
0.5 115,249 6.20 3.413 63,993 
0.5 116,249 6.30 3.413 62,977 
0.5 116,249 6.40 3.413 61,993 
0.6 116,249 6.50 3.413 61,040 
0.6 116,249 6.50 3.413 61,040 
0.6 115,249 6.60 3,413 60,115 
0.5 116,249 6.70 3.413 59,218 
0.6 116.249 6.80 3.413 58,347 
0.6 116,249 6.80 3.413 58,347 
0.6 116.249 6.50 3.413 56,347 
0.6 116,249 7.00 3.413 56,680 
0.6 116,249 7.00 3.413 56,680 
0.6 116,249 7.00 3.413 58,580 
0-6 116,249 7.00 3.413 56,630 
0.8 116,249 7.00 3.413 58.680 
0.6 116,249 7+00 3.413 56,680 
05 116,249 7.70 3.413 51,527 

Calculated 
Btuh P.alent~, 

Ctleck 
(Btuh) 

174,596 
180,242 
179,226 
175,242 
158,977 
158.977 
158,329 
157,701 
157,092 
157,092 
157,092 
155,925 
155,925 
155,925 
155,925 
155,925 
155,925 
152,315 

Load Factor 
(unlUese) 

1.00 
1.00 
1.00 
1.00 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0,70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 

kWh= 
kWh= 

C,~oreseor 
Energy Use 

(kWh) 
(kWh) 

31 
517 

2,561 
4,485 
4,031 
4,767 
6,485 
6,444 
8,030 
8,182 
10,192 
10,129 
12,110 
9,930 
5,766 
5,683 
3,007 
922 

1066.273 
17.10 

Application 
57,258 

8.6 
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MT#I, Measure #2 

Condenser Capacity 1,300,000 Btuh Btuh Capacity 
Ice Cream Condensing Circuits 2 circuits 26,263 
LT#1 Condensing Circuits 7 circuits 91,919 
MT#1 Condensing Circuits 18 circuits 236,364 
MT#2 Corldetlsing Circuits 27 circuits 354,545 
AC Corldensing Circuits 45 circuits 590,909 
Total Circuits 99 

Total Refer w/Compressor 13 00 151.600 

~n Coincident Refrfgora~on ApplioaUon 
Temperature Wet-Bulb Hour per ~n Came L0ad Factor 

(o~ (°~ (hours) (Btuh) (unltless) 
113 74 1.8 151,600 1.1 
108 72 27.6 151,600 1.1 
103 70 136.8 151,600 1.1 
98 68 246.9 151,600 1.1 
93 66 322.0 151,600 1.1 
88 66 360.8 151,600 1.1 
83 63 526.0 151,600 1.1 
78 61 530.6 151,600 1.1 
73 59 671.0 151,600 1.1 
68 56 683.7 151,600 1.2 
63 53 851.7 151,600 1.2 
58 50 871.3 151,600 1.2 
53 47 1041.7 151,600 1.2 
48 43 854.2 151,600 1.2 
43 40 754.1 151.600 1.2 
38 36 488.9 151,600 1.2 
33 32 258.7 151,600 1.2 
28 27 87.2 151,600 1.2 

Calcu~te¢l EquNalent Compm~or 
Application Btuh m)ected Compressor Conversion Bluh rejected 

Factor, Check for case Load Efficiency, EER Constant due to work 
(unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1.1 151.600 9.15 3.413 56,548 
1.1 151,600 9.15 3.413 56,548 
1,1 151,600 9.25 3.413 55,936 
1.1 151.600 9.34 3,413 55.397 
1.2 151,600 9.39 3.413 55,102 
1.2 151,600 9.39 3.413 55,102 
1.2 151,600 9.49 3.413 54,522 
1.2 151,600 9.54 3,413 54,236 
1.2 151.600 9.73 3.413 53.177 
1~3 151,600 10.11 3.413 51,178 
1.3 151,600 10.69 3.413 48.401 
1.3 151,600 11.07 3.413 46,740 
1.3 151,600 11.07 3.413 46,740 
1.3 151.600 11.07 3,413 46.740 
1.3 151,600 11.07 3.413 46,740 
1.3 151,600 11.07 3.413 46,740 
1.3 151,600 11.07 3.413 46,740 
1.3 151,600 13.00 3.413 39,801 

CaJcu~ted 
Btuh P, qect~. 

Check 
(Btuh) 

208,148 
208,148 
207,536 
206,997 
191,825 
191,B25 
191,401 
191 192 
190 419 
188 960 
186 933 
185 720 
185 720 
185 720 
185 720 
185 720 
185 720 
180 655 

Load Factor 
(unitleas) 

1,00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Comprmmor 
Energy Use 

(kWh) 
(kWh) 

30 
457 

2,275 
4,007 
3,795 
4,488 
6,134 
6,155 
7,632 
7.484 
8,817 
8,710 
10,414 
8,540 
7.539 
4,888 
2.586 
742 

94,694 
16.57 

Ap~Icatlon 
91,310 

16.6 
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239.371 

CorKiest Cop, ac~ty 1,300,000 Btuh Btuh Capacity 
Ice Cream Condensing Circuits 2 circuits 26.263 
LT#1 Condensing Circuits 7 circuits 91,919 
MT#I Condenldng Circuits 18 circuits 236,364 
MT#2 Condemdng Clmuits 27 circuits 354,545 
AC Condensing Circuits 45 circuits 590,909 
Total Circuits 99 

Total Refer w/Compressor 15 51 

i 

~n ColnOdent Refrlgem6on Application 
Temperature Wet-Bulb Hour Per ~n Case Load Factor 

(0 r (°F) (hours) (Btuh) (unitlees) 
113 74 1.8 239,371 1.1 
105 72 27.6 239,371 1.1 
103 70 138.8 239,371 1.1 
98 68 246.9 239,371 1.1 
93 66 322.0 239,371 1.1 
88 66 380.8 239,371 1.1 
83 63 526.0 239,371 1.1 
78 61 530.6 239,371 1.1 
73 59 671,0 239,371 1.1 
68 56 683.7 239,371 1.1 
63 53 851.7 239,371 1.1 
58 50 871.3 239,371 1.2 
53 47 1041.7 239,371 1.2 
48 43 854.2 239,371 1.2 
43 40 764.1 239,371 1.2 
38 36 488.9 239,371 1.2 
33 32 256.7 239,371 1.2 
28 27 87.2 239,371 1.2 

C~cu~ted Equivalent Comprmor 
Apptlcation BtuhmJected Compressor Convendon Btuh mJected 

Faclor, C he¢~ for caseLoad Efficiency, EER Con~ent due~work 
(untlless) (Btuh) (Btu/Watt-hr) (Btu/Watt-br) (Btuh) 

1.1 239,371 10.57 3,413 77,292 
1.1 239,371 10.70 3.413 76,353 
1.1 239,371 10.84 3.413 75,367 
1.1 239.371 11.26 3.413 72,555 
1.2 239,371 11.39 3.413 71,727 
12 239,371 11.39 3.413 71,727 
1.2 239,371 11.67 3.413 70.006 
1.2 239,371 11.81 3.413 69,176 
1.2 239,371 11.97 3.413 68.252 
1.2 239,371 12.30 3.413 66,421 
12 239,371 12.63 3.413 64,685 
1.2 239,371 12.96 3.413 63,038 
1.2 239,37t 12.96 3.413 63,038 
1.2 239,371 12.96 3.413 63,038 
1.2 239,371 12.96 3.413 63,038 
1.2 239,371 12.96 3,413 63,038 
1.2 239,371 12.96 3.413 63,038 
1.3 239,371 15.51 3.413 52,674 

MT#2, Measure #2 

Calculated 
Btuh Rejected, 

Check 
(Btuh) 

316,663 
315,724 
314,736 
311,926 
291,732 
291,732 
290,476 
289,870 
289,195 
287,858 
286,591 
285,389 
285,389 
285,389 
286,389 
285,389 
285,389 
277,823 

Load Factor 
(unitles$) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Compmtmor 
Energy Use 

(kWh) 
(kWh) 

41 
617 

3,065 
5,249 
4.940 
5,842 
7,876 
7,851 
9,795 
9.713 
11.784 
11,748 
14,045 
11,517 
10,168 
6,592 
3,488 
982 

125.313 
22.65 

Application 
121,005 

22.8 
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AC, Measure #2 

Condenser Capacity 1,300,000 Btuh Btuh Capacity 
Ice Cream Coqldensing Circuits 2 circuits 26,263 
LT#1 Condertsir~g Circuits 7 circuits 91,919 
MT#1 Condensing Circuits 1 8 circuits 236,364 
MT#2 Condensing Circuits 27 circuits 354,545 
AC Condensing Circuits 45 circuits 590,909 
Total Circuits 99 

TotaJ Refer w/Compressor 000 

Bin Coinddent 
Temperature Wet-Bulb Hour ~ bin 

(OF) (oF) (hours) 
113 74 1.8 
108 72 27.6 
103 70 138.8 
98 68 246,9 
93 66 322.0 
88 66 380.8 
83 63 526.0 
78 61 530.6 
73 59 671.0 
68 56 683.7 
63 53 851.7 
58 50 871.3 
53 47 1041.7 
48 43 854.2 
43 40 754.1 
38 36 488.9 
33 32 258.7 
28 27 87.2 

EquivJent Compressor 
B1uh rqected Compressor Conversion Btuh rejectad 

AC Load AC Load f~  AC Efficiency, EER Constant due ~ wo~ 
(tons) (Btuh) (Btuh) (Btu/Wa~-hr) (Btu/Watt-hr) (Btuh) 
30.00 360,000 360,000 21.90 3.413 56,104 
30.00 360,000 360,000 22.34 3.413 54,999 
28.68 344,160 344,160 24.93 3.413 47,117 
24.26 291,120 291,120 28.73 3.413 34,584 
19.85 238,200 238,200 35.06 3.413 23,188 
15.44 185,280 185,280 36.07 3.413 17,531 
11.03 132,360 132,360 40.12 3.413 11,260 
6.62 79,440 79,440 40.12 3,413 6,758 
2.21 26,520 26,520 23,66 4.413 4,946 

Calcul=ad 
Btuh 

Relectad, 
Ched¢ 
(Btuh) 

416,104 
414,999 
391,277 
325.704 
261,388 
202,811 
143,620 
86,198 
36,413 

Load Factor 
(unitless) 

1.00 
1,00 
1.00 
1.00 
1.00 
1.00 
1.00 
1,00 
2.00 

kWh= 
kWh= 

Compre~,or 
Energy Use 

(kWh) 
(kWh) 

3O 
445 

1,916 
2,502 
2,188 
1,956 
1,735 
1,051 
1,504 

13,326 
16.44 

Application 
9,084 

16 
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Condenser, Measure #2 

Condenser Capacity 1,300,000 Btuh 
Ice Cream Condensing Circuits 2 circuits 
LT#1 Condensing Circuits 7 circuits 
MT#1 Condensing Circuits 1 8 circuits 
MT#2 Condensing Circuits 27 circuits 
AC Condensing Circuits 45 circuits 
Total Circuits 99 

Total Refer w/Compressor 646761.46 

Btuh Capacity 
26,263 
91,919 

236,364 
354,545 
590,909 

1,300,000 

Bin Coincident AC Heat 
Temperature Wet-Bulb Hour per bin Reaction 

(°F) (°F) (hours) (Btuh) 
113 74 1.8 416,104 
108 72 27.6 414,999 
103 70 138.8 391,277 
98 68 246.9 326,704 
93 66 322.0 261,388 
88 66 380.8 202,811 
83 63 526.0 143,620 
78 61 530,6 88,198 
73 59 671,0 36,413 
68 56 683.7 0 
63 53 851.7 0 
58 50 871.3 0 
53 47 1041.7 0 
48 43 854.2 0 
43 40 754.1 0 
38 36 488.9 0 
33 32 258.7 0 
28 27 87.2 0 

Refrigeration 
Heat R~ection 

(Btuh) 
743,013 
747,651 
744,968 
740,532 
681 161 
681 161 
678 833 
677 342 
675 044 
671 752 
668 021 
664 032 
664 032 
664 032 
664 032 
664 032 
664 032 
646 761 

Condenser 
Load Factor 
(unitless) 

1.3 
1.2 
1.3 
1.4 
1.6 
1.7 
1.8 
2.0 
2.1 
2.1 
2.1 
2.1 
3.1 
4.1 
5.1 
6.1 
7.1 
2.1 

Ca~ulated 
Condenser 

Load Factor, To~l Heat the 
Check Rejection Application 

(unitless) (Btuh) (MBtuh) 
1.1 1,159,117 1,038 
1.1 1,162,650 1,045 
1.1 1=136,245 968 
1.2 1,066,235 901 
1.4 942,549 837 
1.5 883,972 778 
1.6 822,453 720 
1.7 763,540 661 
1.8 711,457 623 
1.9 671,752 626 
1.9 668,021 621 
2.0 664,032 618 
2.0 664,032 619 
2.0 664,032 620 
2.0 664,032 621 
2.0 664,032 622 
2.0 664,032 623 
2.0 646,761 610 

Total Heat Total Heat 
Rejection from Rejection from 

the 
Application 

(Btuh) 
1,038,000 
1,045,000 
968,000 
901 000 
837 000 
778 000 
720 000 
661 000 
623 000 
626 000 
621 000 
618 000 
619 000 
620,000 
621,000 
622,000 
623,000 
610,000 

Total Rejected 14,618,943 13,151 13,151,000 Heat rejection differences are significant 
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Ice Cream, Measure #1 

Corl, dm'lser Capacity 1,300,000 Btuh Btuh Capacity 
Ice Cream CConden~ng Circuits 2 circuits 25.263 
LT#I Condensing Circuits 7 circuits 91,919 
MT#1 Conde/'tslng Circuits 18 circuits 236,364 
MT#2 Condenldng Circuits 27 circuits 354,545 
AC CondenrJng Circuits 45 circuits 590,909 
Total Circuits 99 1,300,000 

Total Refer w/Compressor 506 26.000 

Bin Coln~dent R~dgeraUon Application 
Teml=e~tu~ Wet-Bulb Hour I~" ~n Case Load Factor 

(°F) (°F) (hours) (Btuh) (unitless) 
113 74 1.8 26,000 1.3 
108 72 27.6 26,000 1.3 
103 70 138.8 26,000 1.2 
98 68 246.9 26,000 1.2 
93 66 322.0 26,000 1.2 
88 65 350.8 26,000 1.2 
83 63 526.0 26,000 1.2 
78 61 530.6 26,000 1.2 
73 59 671.0 26,000 1.2 
68 56 683.7 26,000 1.2 
63 53 851.7 25,000 1.2 
58 50 871.3 26,000 1.2 
53 47 1041.7 26,000 1.2 
48 43 854.2 26,000 1,2 
43 40 754.1 26,000 1.2 
38 36 488.9 26,000 1.2 
33 32 258.7 26,000 1.2 
28 27 67.2 26,000 1.2 

Calcu~ted EquNalant Comprmor 
App, ca~on Btuh rejected Compressor Conversion ~uh rqecte¢l 

Fac~r, Chedx for case Load Efficiency, EER Constant due to won 
(unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.6 26,000 5.04 3,413 17,607 
0.6 26,000 5.06 3.413 17,537 
0.6 26,000 5.06 3.413 17,537 
0.6 26,000 5.06 3.413 17.537 
0.6 26.000 5.06 3.413 17,537 
0.7 25,000 5.06 3.413 17.537 
0.7 26,000 5,06 3.413 17,537 
0.7 26,000 5.06 3.413 17,537 
0.7 26,000 5.06 3.413 17.537 
0.7 26.000 5.06 3.413 17,537 
0.7 26,000 5,06 3.413 17,537 
0.7 26,000 5.06 3.413 17,537 
0.7 26,000 5,06 3.413 17,537 
0.7 26,000 5.06 3.413 17.537 
0.7 26.000 5.06 3.413 17,537 
07 26,000 5.06 3.413 17,537 
0.7 26,000 5.06 3.413 17,537 
0.7 26,000 5.06 3.413 17,537 

Calculated 
atuh Rejected, 

Chad< 
(Btuh) 
43,607 
43,537 
43,537 
43,537 
43.537 
38,802 
38,802 
38,802 
38,802 
38,802 
38,802 
38,802 
38,802 
38,502 
38,802 
38,802 
38,802 
38,802 

Load Factor 
(unltlass) 

1.00 
1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0,73 
0.73 

kWh= 
kWh= 

Compressor 
Eoan~y Use 

(kWh) 
(kWh) 

9 
142 
713 

1,269 
1.655 
1,428 
1,973 
1,990 
2,517 
2.565 
3,195 
3,268 
3,907 
3,204 
2.829 
1,834 
970 
327 

33,795 
5.16 

Application 
16,000 

2.5 
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LT#1, Measure #1 

Conckmser Cape.city 1,300,000 Btuh Btuh Capacity 
Ice Cream Condensing Circuits 2 circuits 26.263 
LT#1 Condensing Circuits 7 circuits 91,919 
MT#1 Cortdenzdng Circuits 18 circuits 236,364 
MT#2 Condensing Circuits 27 circuits 354,545 
AC Coctden~ng Circuits 45 circuits 590,909 
Total Circuits 99 1,300,000 

Total Refer w/Cornweseor 6.50 116,249 

Bin Coincident RefdgeraUor~ Application 
Temperature Wet-Bulb Hour per bin Case Load Factor 

(°F) (=F) (hours) (Btuh) (unitless) 
113 74 1.8 116,249 1.1 
108 72 27,6 116,248 1.1 
103 70 138.8 116,249 1.1 
98 68 246.9 116,249 1.1 
93 66 322.0 116,249 1.1 
88 66 380.8 116,249 1.1 
83 63 526,0 116,248 1.1 
78 61 530.6 116,249 1.1 
73 59 671.0 116,249 1.1 
68 56 683.7 116,249 1.1 
63 53 851.7 116,249 1.1 
58 50 871.3 116,249 1.1 
53 47 1041.7 116,249 1.1 
48 43 854.2 116,249 1.1 
43 40 754.1 116,249 1.1 
38 36 488.9 116,249 1.1 
33 32 258.7 116,249 1.1 
28 27 87.2 116,249 1.1 

Calculated Equwalent Es~mated Compressor 
,Apl:dlcaUon Btuh rejected Compressor Conversion BttJh ~Jected 

Factor, Check for case Load Efficiency, EER Consent due ~ won 
(unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.5 116.249 6.30 3.413 62,977 
0.5 116,249 6.20 3,413 63,993 
0.5 116,249 6.30 3,413 62,977 
0.5 116,249 6.40 3.413 61.993 
0.5 116,249 6.50 3.413 61,040 
0.6 116,249 6.50 3.413 61,040 
0.6 116,249 6.50 3.413 61,040 
0.6 116,249 6.50 3.413 61,040 
0.6 116,249 6.50 3.413 61,040 
0.6 116,249 6.50 3,413 61,040 
0.6 116,249 6.50 3.413 61,040 
06 116,249 6.50 3,413 61,040 
0.6 116,249 6.50 3,413 61,040 
0.6 116,249 6.50 3.413 61,040 
06  116,249 6.50 3,413 61,040 
0.6 116,249 6.50 3,413 61,040 
0.6 116,249 6.50 3.413 61,040 
0.6 116,249 6.50 3,413 61,040 

Calcu~ted 
BtuhRelected, 

Check 
(Btuh) 

179,226 
180,242 
179,226 
176.242 
177,289 
158,977 
158,977 
158,977 
158,977 
158,977 
158,977 
156,977 
158,977 
158,977 
158,977 
158,977 
158,977 
158,977 

LcaO Factor 
(unltless) 

1 +00 
1.00 
1.00 
1 r00 
1.00 
0.70 
0.70 
0.70 
0.70 
0.70 
0+70 
0.70 
0.70 
0,70 
0.70 
0.70 
0.70 
0.70 

kWh = 
kWh= 

Compteseor 
Energy Use 

(kWh) 
(kWh) 

33 
617 

2,561 
4,465 
5.758 
4,767 
6,585 
6,643 
8,40O 
8,559 
10.663 
10,908 
13,041 
10,694 
9,441 
6,121 
3,239 
1,092 

113.507 
16.45 

Application 
55,770 

8.6 
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MT#1, Measure #1 

Condenser Capadty 1,300,000 Btuh Btuh Capacity 
Ice Cream Condensing Circuits 2 circuits 26.263 
LT#I Condensing Circuits 7 circuits 91,919 
MT#1 Condensing Circuits 18 circuits 236,364 
MT#2 Condensing Circuits 27 circuits 354,545 
AC Condensing Circuits 45 circuits 590,909 
Total Circuits 99 1,300,000 

Total Refer w/Compreuor 9.30 151,600 

• n Coincident RefdgeraUo+l AppiicaUon 
Temperature Wet-Bulb Hour ~ ~n Case Load Favor 

(°~ (°~ (hours) (Btuh) (unitless) 
113 74 1.8 151,600 1.1 
108 72 27.6 151,600 1.1 
103 70 138.8 151,600 1.1 
98 68 246.9 151,600 1,1 
93 66 322.0 151,600 1.1 
88 66 380.8 151,600 1.1 
83 63 526+0 151,600 1.1 
78 61 530.6 151,600 1.1 
73 59 671.0 151,600 1.1 
68 56 683.7 151,600 1.1 
63 53 851.7 151,600 1.1 
58 50 871.3 151,600 1.1 
53 47 1041.7 151,800 1.1 
48 43 854.2 151,600 1.1 
43 40 754.1 151,600 1.1 
38 36 468.9 151,600 1.1 
33 32 258.7 151,600 1,1 
28 27 87.2 151,600 1.1 

Calculated Equivalent 
Applloadon Btuh rejected Compressor 

Factor, Check for case Load Efficiency, EER 
(uniUess) 

1.1 
1.1 
1.1 
1.1 
1.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 
2 
.2 

1.2 
1.2 
1.2 
1.2 

ComprNaor 
Converalon Btuh ne~cte(I 
Con~ant due to work 

(Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 
151.600 9.15 3.413 56,548 
151,600 9.15 3,413 56,548 
151,600 9.25 3.413 55,936 
151,600 9.30 3.413 55.636 
151,600 9.30 3,413 55,636 
151.600 9+30 3.413 55,636 
151,600 9.30 3.413 55,636 
151,600 9.30 3,413 55,636 
151.600 9.30 3.413 55,636 
151,600 9.30 3.413 55,636 
151,600 9.30 3.413 55,636 
151,600 9.30 3.413 55,636 
151,600 9.30 3.413 55,636 
151,600 9.30 3.413 55,636 
151,600 9.30 3.413 66,636 
151,600 9,30 3.413 55,836 
151,600 9.30 3.413 55,636 
151,600 9.30 3.413 55,636 

Calculated 
Btuh Rejected, 

Check 
(Btuh) 

208,148 
208,148 
207,536 
207,236 
192,214 
192,214 
192,214 
192,214 
192,214 
192,214 
192,214 
192,214 
192,214 
192,214 
192,214 
192,214 
192,214 
192,214 

Load Factor 
(unltless) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

CornpreBor 
Energy Use 

(kWh) 
(kWh) 

3O 
457 

2,275 
4,025 
3,832 
4,531 
6,259 
6,314 
7,985 
8,136 
10,135 
10,368 
12,396 
10,165 
8.974 
5,818 
3,078 
1,038 

105.815 
16.57 

Application 
105,858 

16.6 
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MT#2, Measure #1 

Condenser Capacity 1,300,000 Btuh Btuh Capacity 
Ice Cream CC, o41densing Circ=ts 2 circuits 26,263 
LT#1 Condectsing Circuits 7 circuits 91,919 
MT#1 Condensing Circuits 18 circuits 236,364 
MT#2 Condensing Circuits 27 circuits 354,545 
AC Condensing Circuits 45 circuits 590,909 
Total Circuits 99 1,300,000 

Total Refer wl Compressor 11 12 240.600 

~n Coincident P, ofrigeraHon Appltcat~n 
Tef'rkoe~tum Wet-Bulb Hour per ~n Case Load Factor 

(°F) (°~ (hours) (Btuh) (unitless) 
113 74 1.8 240,600 1.1 
108 72 27.6 240,600 1.1 
103 70 138.8 240,600 1.1 
98 68 246.9 240,600 1.1 
93 66 322.0 240,600 1.1 
88 66 380.8 240,600 1.1 
83 63 526.0 240,600 1.1 
78 61 530.6 240,600 1.1 
73 59 671.0 240,600 1.1 
68 56 683.7 240,600 1.1 
63 53 851.7 240,600 1.1 
58 50 871.3 240,600 1.1 
53 47 1041.7 240,600 1.1 
48 43 854.2 240,600 1.1 
43 40 754.1 240,600 1.1 
38 36 488.9 240,600 1.1 
33 32 258.7 240,600 1.1 
28 27 87.2 240,600 1.1 

CaJculated Equivalent C o m p r ~ r  
Application Btuh rejected Compressor Convermon Btgh 

Factor', Check for case Load Ef'Ik~ency, EER Constant due ~ work 
(unitless) (Btub) (Btu/Watt-hr) (Btu/Wett-hr) (Btuh) 

1.1 240,600 10.57 3.413 77,689 
1.1 240,600 10.70 3.413 76,745 
1.1 240,600 10.84 3.413 75,753 
1.1 240,600 11.12 3.413 73.846 
1.2 240,600 11.12 3.413 73,846 
1.2 240,600 11.12 3.413 73,846 
1.2 240,600 11.12 3.413 73,846 
1.2 240,600 11.12 3.413 73,846 
1.2 240,600 11.12 3.413 73,846 
1.2 240,600 11.12 3.413 73,846 
1.2 240,600 11.12 3.413 73,846 
1.2 240,600 11.12 3.413 73,846 
1.2 240,600 11,t2 3.413 73,846 
1.2 240,600 11.12 3.413 73,846 
1.2 240,600 11.12 3.413 73,846 
1.2 240.600 11.12 3.413 73,846 
1.2 240,600 11.12 3.413 73,846 
1.2 240,600 11.12 3.413 73,846 

Calculat~:l 
B1uh Rejected, 

Check 
(Btuh) 

316 289 
317 345 
316 353 
314 446 
294 508 
294 508 
294 508 
294 508 
294 508 
294 508 
294 508 
294 508 
294 508 
294508 
294 508 
294 508 
294508 
294 508 

Load Factor 
(unltlses) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Compressor 
Energy Use 

(kWh) 
(kWh) 

41 
821 

3,061 
5,342 
5.086 
6,015 
8,308 
8,381 
10,598 
10,799 
13,452 
13,762 
16,453 
13,492 
11,911 
7,722 
4,086 
1,377 

140.527 
22.76 

Appllca6on 
140,557 

22.8 
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AC, Measure #1 

Condenser C a t t y  1,300,000 Btuh Btuh Capacity 
Ice Cream Condensing Circuits 2 circuits 26,263 
LT# 1 Condensing Circuits 7 circuits 91,919 
MT#1 Condensing Circuits 1 8 circuits 236.364 
MT#2 Condensing Circuits 27 circuits 354,545 
AC Condensing Circuits 45 circuits 590,909 
Total Circuits 99 1,300,000 

Total Refer w/Compressor 000 

Bin Co~nck:lent 
Temperature Wet-Bulb Hour ~ bin 

(OF) (oF) (hours) 
113 74 1.8 
108 72 27.6 
103 70 138.8 
98 68 246.9 
93 66 322.0 
88 66 380.8 
83 63 526.0 
78 61 530.6 
73 59 671.0 
68 56 683.7 
63 53 851.7 
58 50 871.3 
53 47 1041.7 
48 43 854.2 
43 40 754.1 
38 36 488.9 
33 32 258.7 
28 27 87.2 

Equivalent Compreasor 
~uh r~ected Compressor Conversion Btuh rejected 

AC Load AC Load 1~ AC Efficiency, EER Constam due to work 
(tons) (Btuh) (Btuh) (Btu/Wett-hr) (Btu/Watt-hr) (Btuh) 
30.00 360,000 360,000 21.47 3.413 57,228 
30.00 360,000 360,000 21.47 3,413 57,228 
28.68 344,160 344,160 21.47 3.413 54,710 
24.26 291,120 291,120 21.47 3.413 46.278 
19.85 238,200 238,200 21.47 3.413 37,866 
15.44 185,280 185,280 21.47 3.413 29,453 
11.03 132,360 132,360 21.47 3.413 21,041 
6.62 79,440 79,440 21.47 3.413 12,628 
2.21 26,520 26.520 21.47 3.413 4,216 

CaJcuJatad 
Btuh 

Rqeclad, 
Check 
(Btuh) 

417,228 
417,228 
398,870 
337,398 
276,066 
214,733 
153,401 
92,068 
34,952 

Load Factor 
(unitleas) 

1.00 
1.00 
1,00 
1.00 
1.00 
1.00 
1.00 
1.00 
2.00 

Compreesor 
Energy Use 

(kWh) 
(kWh) 

30 
463 

2,225 
3,348 
3,572 
3,286 
3,243 
1,963 
1,658 

kWh= 19,788 
kWh= 16.77 

Application 
18,970 

17 

Notes 
The application assumes a lower AC load in the post-measure #2 retrofit condition. 
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Condenser, Measure #1 

Condenser Capacity 1,300,000 Btuh 
Ice Cream Condensing Circuits 2 circuits 
LT#1 Condensing Circuits 7 circuits 
MT#1 Condensing Circuits 18 circuits 
MT#2 Condensing Circuits 27 circuits 
AC Condensing Circuits 45 circuits 
Total Circuits 99 

Total Refer w/Compressor 684500.45 

Btuh Capacity 
26,263 
91,919 

236,364 
354,545 
590,909 

1,300,000 

Bin Coincident AC Heat 
Temperature Wet-Bulb Hour per bin Rejection 

(°F) (°F) (hours) (Btuh) 
113 74 1.8 417,228 
108 72 27.6 417,228 
103 70 138.8 398,870 
98 68 246.9 337,398 
93 66 322.0 276,066 
88 66 380.8 214,733 
83 63 526.0 153,401 
78 61 530.6 92,068 
73 59 671.0 34,952 
68 56 683.7 0 
63 53 851.7 0 
58 50 871.3 0 
63 47 1041.7 0 
48 43 854.2 0 
43 40 754.1 0 
38 36 488.9 0 
33 32 258.7 0 
28 27 87.2 0 

Refrigeration 
Heat Rejection 

(Btuh) 
749 269 
749 272 
746 653 
743 461 
707 547 
684 500 
684 500 
684 500 
684 500 
684 500 
684 500 
684 500 
684 500 
684 500 
684 500 
684 500 
684 500 
684 500 

Condenser 
Load Factor 

(unitless) 
1.2 
1.2 
1.3 
1.3 
1.4 
1.5 
1,7 
1.8 
2.0 
2.1 
2.1 
2.1 
3.1 
4.1 
5.1 
6.1 
7.1 
2,1 

Calculated Toni  Heat To~l HeM 
Condenser Reject~n from Rejection from 

Load Factor, ToNI Heat the the 
Check Rejection Application Application 

(unitless) (Btuh) (MBtuh) (Btuh) 
1.1 1,166,497 1,049 1,049,000 
1.1 1.166,499 1,047 1,047,000 
1.1 1,145,523 1,027 1,027,000 
1.2 1,080,859 965 965,000 
1.3 983.613 903 903,000 
1.4 899,234 842 842,000 
1.6 837,901 781 781,000 
1.7 776,569 719 719,000 
1.8 719,452 658 658,000 
1.9 684,500 627 627,000 
1.9 684,500 627 627,000 
1.9 684,600 627 627,000 
1.9 684,500 628 628,000 
1.9 684,500 629 629,000 
1.9 684,500 630 630,000 
1.9 684,500 631 631,000 
1.9 684,500 632 632,000 
1.9 684,500 627 627,000 

Total R~e~ed 14,936,652 13.649 13,649,000 Heat rejection differences are significant 
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Measure #2 Summary of Findings 

Measure # Measure # 
Pre-Retrofit Post-Retrofit D e m a n d  Pre-Retrofit Post-Retrofit Energy 

Evaluation Compressor Savings D e m a n d  Demand Savings Energy Energy Savings 
Ice Cream Condensing Circuits 5.16 5.16 0.00 33,795 30, 274 3,521 
LT#1 Condensing Circuits 18.45 17.10 1.36 113,507 106,273 7,234 
MT#1 Condensing Circuits 16.57 16.57 0.00 105,815 94,694 11,122 
MT#2 Condensing Circuits 22.76 22.65 0.12 140,527 125,313 15,214 
AC Condensing Circuits 16.77 16.44 0.33 19,788 13,326 6,462 
Total 1.80 kW 43,552 

Total Refer w/Compressor 61.47 356,563 
kWh 

Measure # Measure # 
Pre-Retrofit Post-Retrofit D e m a n d  Pre-Retrofit Post-Retrofit Energy 

Application Compressor Savings D e m a n d  Demand Savings Energy Energy Savings 
Ice Cream Condensing Circuits 2.50 2.50 0.00 16,000 16,375 -375 
LT#1 Condensing Circuits 8.80 8.80 0.00 55,770 57,258 -1,488 
MT#1 Condensing Circuits 16.60 16.60 0.00 105,858 91,310 14,548 
MT#2 Condensing Circuits 22.80 22.80 0.00 140,557 121,005 19,552 
AC Condensing Circuits 17.00 16.00 1.00 18,970 9,084 9,886 
Total 1.00 kW 42,123 kWh 

Dark Green font is an estimate because this level of detail was missing from the application. 

M6asure 
Energy 

Difference in Savings per 
Post- Condenser Condenser 

Measure # Measure # Pre-Condenser Condenser Heat Heat 
Pre-Retrofit Post-Retrofit D e m a n d  Pre-Retrofit Post-Retrofit Energy Rejection Rejection Rejection Rejection 

Applicaton Condenser Analysis D e m a n d  Demand Savings Energy Energy Savings (kWh) (Btuh) (Btuh) (Btuh) (kWh/Btuh) 
Condenser Fan Use 8.00 8.00 0.00 20,877 56,971 -36,094 13,649,000 13,151,000 498,000 -0.07 

Difference in 
Post- Condenser 

Pre-Condenser Condenser Heat 
Rejection Rejection Rejection 

Evaluation Condenser Analysis (Btuh) (Btuh) (Bfuh) 
Condenser Fan Use 14,936,652 14,618,943 317,708 

1 
Final Results for Measure #2 

Source Demand Impact Energy Impact I 
Evaluation 1.80 66,399 I 

I AppI cation 1.00 6r029 

Post-Enemy Po~Demand 
22,847 8.75472297 

0.00152956 5.8612E-07 
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LT#I, Measure #2 

Condenser Capacity 2,425,000 Btuh Btuh Capacity 
Ice Cream Condenldng Circuits 8 circuits 195,960 
LT#1 Condensing Circuits 14 circuits 342,929 
LT#2 Condensing Circuits 0 circuits 0 
MT#1 Condensing Circuits 35 circuits 857,323 
MTt2 Condensing Circuits 24 circuits 587,879 
AC Condemdng Circuits 18 circuits 440,909 
Total Circuits 99 2,425,000 

~n Coincident R~dgeraUen ApplloaUon 
Teml0emture Wet-Bulb Hour per ~n Case Load Factor 

(°~ (=~ (hours) (Btuh) (unltless) 
113 74 2.0 147,847 1.5 
108 72 28.0 147,B47 1.5 
103 70 139.0 147,847 1.5 
98 68 247.0 147,847 1.5 
93 66 322.0 147,847 1.5 
88 66 381.0 147,847 1.5 
83 63 526.0 147,847 1.5 
78 61 531.0 147,847 1.5 
73 59 671,0 147,847 1.6 
68 56 684.0 147,847 1.6 
63 53 852.0 147,847 1.6 
58 50 871.0 147,847 1.6 
53 47 1042.0 147,847 1.6 
48 43 854.0 147,847 1.6 
43 40 754.0 147,647 1.7 
38 36 489.0 147,847 1.7 
33 32 259.0 147,847 1.7 
28 27 87.0 147,847 1.7 

Calculated Equ~akmt Compr~or 
Application Buh rejected Compressor Conversion Btuh rejected 

Facet, Ched~ for case Load Efficiency, EER Constant due to work 
(unltlses) {Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1.5 147,847 6.10 3,413 82,722 
15 147,847 6.20 3.413 61,387 
1.5 147.847 6.30 3.413 80.096 
1.5 147,847 6.50 3,413 77,631 
1.7 147.847 6.60 3.413 76,455 
1.7 147,847 6.60 3,413 76,455 
1.7 147,847 6.80 3.413 74,206 
1.7 147.847 6.90 3.413 73.131 
1.7 147,847 7.00 3.413 72,086 
1.7 147,647 7.20 3.413 70,064 
1.8 147,647 7.40 3.413 58,189 
1.8 147,847 7.50 3.413 67,280 
1=8 147.847 7.80 3.413 64.693 
1.8 147,847 8.60 3.413 58,675 
1.8 147,647 8.70 3.413 58,000 
1.8 147,647 8.70 3,413 58,000 
1.8 147,847 8.70 3,413 58,000 
1=8 147.647 8.70 3.413 58,000 

Calculated 
Btuh Relected, 

Check 
(Btuh) 

230,569 
229,234 
227,943 
225,478 
201,365 
201,365 
199,791 
199,038 
198,307 
196,906 
195,580 
194,943 
193,132 
188,919 
188,447 
188,447 
168,447 
188,447 

Load Factor 
(unltless) 

1.00 
1.0O 
1.00 
1.00 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0,70 

kWh= 
kWh= 

Compcel~or 
Energy Use 

(kWh) 
(kWh) 

48 
668 

3,262 
5,618 
5,049 
5,974 
8,005 
7,964 
9.921 
9,832 
11,916 
12,019 
13,826 
10,277 
8,969 
5,817 
3,081 
1,035 

123,282 
24 24 

Application 
126,092 

24.1 
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MT#1, Measure #2 

Condenser CCapactty 2,425,000 Btuh Btuh Capacity 
Ice Cream Condensing Circuits 8 circuits 195,960 
LT#1 Cortdet)sirtg Circuits 14 circuits 342.929 
LT#2 Condem,lng Circuits 0 circuits 0 
MT#1 Condensing Circuits 35 circuits 857,323 
MT#2 Condensing Circuits 24 circuits 587,879 
AC Condensing Circuits 18 circuits 440,909 
Total Circuits 99 2,425,000 

~n Coincident R~dge.raUon Application 
Temperature W~-Bulb Hour per ~n Case Load Factor 

(°F) (°~ (hours) (Btuh) (unitless) 
113 74 2.0 428885 1,00 
108 72 28.0 428886 1.00 
103 70 139.0 428885 1.00 
98 68 247.0 428885 1.00 
93 66 322.0 428885 0.73 
88 66 381.0 428885 0,73 
83 63 526.0 428885 0.73 
78 61 531.0 428885 0,73 
73 59 671.0 428885 0.73 
68 56 684.0 428885 0.73 
63 53 852,0 428885 0.73 
58 50 871.0 428885 0.73 
53 47 1042.0 428885 0,73 
48 43 854.0 428885 0.73 
43 40 754.0 428885 0,73 
38 36 489.0 428885 0.73 
33 32 259,0 428885 0.73 
28 27 87.0 428885 0.73 

Calculate0 EquNalent Compressor 
Application ~uh rejected Compressor Conven~on Btufl rejected 

FaVor, Check ~r case Load Efflaency, EER Consent due ~ work 
(unltless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.6 428,885 9.39 3.413 155 888 
0.6 428,885 9.39 3.413 155 886 
0.6 426,885 9.49 3.413 154 245 
0.6 428.885 9.73 3.413 150 440 
0.6 428,885 9.92 3.413 147 559 
0.6 428,885 9.92 3.413 147 559 
0.6 428,885 10.50 3.413 139 408 
0.6 428,885 10.50 3.413 139 408 
0.7 428,885 10.88 3.413 134539 
0.7 428,885 11.26 3.413 129 999 
0.7 428,885 11.61 3.413 126 080 
0.7 428,885 11.92 3.413 122,801 
0.7 428,685 12.38 3.413 116,238 
0.7 428,885 13.97 3.413 104,781 
0.7 428,885 14.39 3.413 101,722 
0.7 428,885 14.39 3.413 101,722 
0.7 428,885 14.39 3.413 101,722 
0,7 428,885 14.39 3.413 101,722 

C~culated 
Btuh R ~ t e d ,  

(Btuh) 
584,773 
584,773 
583,130 
579,325 
536,603 
536,603 
530,653 
530,653 
527,098 
523,784 
520,923 
518,530 
515,199 
505,375 
503,142 
503,142 
503,142 
503,142 

Load Factor 
(unltlese) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0,73 

kWh= 
kWh= 

Compressor 
Energy Use 

(kWh) 
(kWh) 

91 
1,279 
6,282 
10,887 
10,163 
12,025 
15,684 
15,833 
19,309 
19,019 
22,976 
22,877 
26,352 
19,139 
16,405 
10,639 
5,635 
1,893 

236,468 
45.67 

Appilcatlon 
236,435 

46.7 
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MT#2, Measure #2 

Condenser Capacity 2,425,000 Btuh Btuh Capa~ty 
Ice Cream Condensing CImutts 8 circuits 195,960 
LT#1 Condensing Circuits 14 circuits 342,929 
LT#2 Condensing Circuits 0 circuits 0 
MT#I Condensing Circuits 35 circuits 857,323 
MT#2 Condensing Circuits 24 circuits 587,879 
AC Condensing Circuits 18 circuits 440,909 
Total Circuits 99 2,425,000 

~n Coincident RefdgeraUen Appiloa6on 
Tempamtura W~-Bulb Hour per ~n Ceae Load FaVor 

(=~ (°F) (hours) (Btuh) (unltless) 
113 74 2.0 307,541 1.5 
108 72 28.0 307,541 1.5 
103 70 139.0 307,541 1.5 
98 68 247,0 307,541 1.5 
93 66 322.0 307,541 1.5 
88 66 381.0 307,541 1.5 
83 63 526.0 307,541 1.5 
78 61 531.0 307,541 1.5 
73 59 871.0 307,541 1.5 
68 56 684.0 307,541 1.5 
63 53 852.0 307,541 1.5 
58 50 871.0 307,541 1.6 
53 47 1042.0 307,541 1.6 
48 43 554.0 307,541 1.6 
43 40 754.0 307,541 1.6 
38 36 489.0 307,541 1.8 
33 32 259.0 307,541 1.8 
28 27 87.0 307,541 1.6 

Calculated Equ~ent Compressor 
AppllcaUon Buh rejected Compressor Conversion ~uh rejected 

Factor, Check ~r case Load Efficiency, EER Con=ant due to work 
(unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

2.2 307.541 12.26 3.413 85,615 
2.2 307,541 12.41 3.413 84,580 
2.2 307,541 12.72 3.413 82,519 
2.2 307.541 13.09 3.413 80,186 
2.3 307,641 13.28 3.413 79,039 
2.3 307,541 13.28 3.413 79,039 
2.4 307,541 13.84 3.413 75,841 
2.4 307,541 13.84 3.413 75,841 
2.4 307.541 14.21 3.413 73.866 
2.4 307,541 14.58 3.413 71,992 
2.4 307,541 15.05 3.413 69,743 
2.4 307,541 15.76 3.413 66,801 
24 307,541 16.23 3.413 64,673 
2.5 307.541 18.63 3.413 56.341 
2.5 307,541 19.05 3.413 55,099 
2.5 307,541 19.05 3.413 55,099 
2.5 307,541 19.05 3.413 55,099 
2.5 307,541 19.05 3.413 55,099 

Calcu~ted 
Bluh Relect~, 

Ctteck 
(Btuh) 

393,156 
392,121 
390,060 
367,727 
365,239 
365,239 
362,905 
362,905 
361,463 
360,095 
358,454 
356,160 
354,752 
348,670 
347,763 
347,763 
347,763 
347,763 

Load Factor 
(unltloss) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Corr~pr~r 
Energy Use 

(kWh) 
(kWh) 

50 
694 

3,361 
5,803 
5.444 
6.441 
8,532 
8,614 
10,801 
10,532 
12,710 
12,408 
14.414 
10.291 
8,888 
5,763 
3,052 
1,025 

128.621 
25.08 

Application 
128,596 

25.1 
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i 

Condenser Capacity 2,425,000 Btuh Btuh Capacity 
Ice Cream Condensing Circuits 8 circuits 195,960 
LT#1 Condensing Circuits 14 circuits 342,929 
LT#2 Condet~stng Circuits 0 circuits 0 
MT#I Condensing Circuits 35 circuits 857,323 
MT#2 Condensing Circuits 24 circuits 587.879 
AC Condensing Circuits 1 8 circuits 440,909 
Total Circuits 99 2,425.000 

Bin Coincident 
Temperature Wet-Bulb Hour per bin 

(°F) (°F) (hours) 
113 74 2.0 
108 72 28.0 
103 70 139.0 
96 68 247.0 
93 66 322.0 
88 66 381.0 
83 63 526.0 
78 61 531.0 
73 59 671.0 
68 56 684.0 
63 53 852.0 
58 50 871.0 
53 47 1042.0 
48 43 854.0 
43 40 754.0 
38 36 489.0 
33 32 259.0 
28 27 87.0 

Equ~=ent Compressor 
~uh rejected Compressor Conversion Btull rejected 

AC Load AC Load for AC Efficiency, EER Constant due m work 
(tons) (Btuh) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 
50.00 600,000 600,000 17.77 3.413 115,239 
44.12 529,440 529,440 19.24 3.413 93,818 
38.24 458,880 458,880 21.44 3,413 73,048 
32.35 388,200 386,200 25.17 3.413 52.639 
26.47 317,640 317,640 29.94 3.413 36,209 
20.59 247,080 247,080 34.68 3.413 24,316 
14 .71  176,520 176,520 49.62 3.413 12,142 
8.82 105,840 105,840 55.79 3.413 6,475 
2.94 35,280 35,280 60.72 3.413 1,983 

AC, Measure #2 

Caloulatad 
Btuh 

Reiecl~, 
Ctzeck 
(atuh) 

715,239 
623,358 
531,926 
440,839 
353,649 
271,396 
188,662 
112,315 
37,263 

Load Factor 
(unitless) 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

kWh= 
kWh= 

Compreasor 
EneqW Use 

(kWh) 
(kWh) 

68 
770 

2,975 
3,810 
3,416 
2,714 
1,871 
1,007 
390 

17,022 
33.76 

Application 
16,995 

34 
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Condenser, Measure #2 

Condenser Capacity 2425000 
Ice Cream Condensing Circuits 8 
LT#1 Condensing Circuits 14 
LT#2 Condensing Circuits 0 
MT#1 Condensing Circuits 35 
MT#2 Condensing Circuits 24 
AC Condensing Circuits 18 
Total Circuits 9 9 

Btuh 
circuits 
circuits 
circuits 
circuits 
circuits 
circuits 

Btuh Capacity 
195,960 
342,929 

0 
857,323 
587,879 
440,909 

2,425,000 

Refrigeration 
Bin Coincident AC Heat Heat 

Temperature Wet-Bulb Hour per bin Rejection Rejection 
(°F) (°F) (hours) (Btuh) (Btuh) 
113 74 2.0 715,239 1,381,868 
1 08 72 28.0 623,358 1,379,499 
1 03 70 139.0 531,928 1,374,230 
98 68 247.0 440,839 1,363,645 
93 66 322.0 353,849 1,256,121 
88 66 381.0 271,396 1,256,121 
83 63 526.0 188,662 1,241,749 
78 61 531.0 112,315 1,240,996 
73 59 671.0 37,263 1,235,269 
68 56 684.0 0 1,228,350 
63 53 852.0 0 1,219,798 
58 50 871.0 0 1,214,474 
53 47 1042.0 0 1,206,531 
48 43 854.0 0 1,181,579 
43 40 754.0 0 1,178,887 
38 36 489.0 0 1,178,887 
33 32 259.0 0 1,178,887 
28 27 87.0 0 1,178,887 

Condenser 
Load Factor 

(unitless) 
1.2 
1.2 
1.3 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.9 
1.9 
1.9 
1.9 

Calculated 
Condenser 

Load Factor, 
Check 

(unitless) 
1.2 
1.2 
1.3 
1.3 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.0 
2.0 
2.0 
2.1 
2.1 
2.1 
2.1 
2.1 

Total Rejected 

Total Heat 
R~ection 

(Btuh) 
2,097,107 
2,002,857 
1,906,158 
1,804,485 
1,609,970 
1,527,517 
1,430,411 
1,353,311 
1,272,532 
1,228,350 
1,219,798 
1,214,474 
1,206,531 
1,181,579 
1,178,887 
1,178,887 
1,178,887 
1,178,887 

25.770,629 

Total Heat 
R~ection 
from the 

Application 
(MBtuh) 
2,097 
2,005 
1,907 
1,810 
1,717 
1,635 
1,545 
1,466 
1,386 
1,344 
1,340 
1,334 
1,329 
1,312 
1,309 
1,309 
1,309 
1,309 

27,463 

Total Heat 
R~ec~on 
from the 

Application 
(Btuh) 

2,097,000 
2,005,000 
1,907,000 
1,810,000 
1,717,000 
1,635,000 
1,545,000 
1,466,000 
1,386,000 
1,344,000 
1,340,000 
1,334,000 
1,329,000 
1,312,000 
1,309,000 
1,309,000 
1,309,000 
1,309,000 

27,463,000 
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Ice Cream, Me.Jure #I 

Condenser Capacity 2,425,000 Btuh Btuh Capacity 
Ice Cream Co,nd4Jflsing Circuits 8 circuits 195,960 
LT#1 Condensing Circuits 14 circuits 342,929 
LT#2 Condensing Circuits 0 circuits 0 
MT#1 Condensing Circuits 35 circuits 857,323 
MT#2 Condensing Circuits 24 circuits 587,879 
AC Condensing Circuits 18 circuits 440,909 
Total Circuits 99 2,425,000 

Bin Coincident Refrigeration ApplicaUon 
Temperature Wet-Bulb Hour per bin Case Lo~:l Factor 

(°F) (=F) (hours) (Btuh) (unitlass) 
113 74 2.0 103,700 1.2 
108 72 28.0 103,700 1.2 
103 70 139.0 103,700 1.2 
98 68 247.0 103,700 1.2 
93 66 322,0 103,700 1,2 
88 66 381.0 103,700 1.2 
83 63 526,0 103,700 1.2 
78 61 531,0 103,700 1.2 
73 59 671.0 103,700 1.2 
68 56 684.0 103,700 1,2 
63 53 852.0 103,700 1,2 
58 50 871.0 103,700 1.2 
53 47 1042.0 103,700 1.2 
48 43 854.0 103,700 1.2 
43 40 754.0 103,700 1.2 
38 36 489.0 103,700 1.2 
33 32 259.0 103,700 1.2 
28 27 87.0 103,700 1.2 ~-: 

Calculated Equivalent Compressor 
Application Bt,Jh rejected Compressor Conven~on Btuh rejected 

Factor, Check for case Load Efficiency, E.ER Constant due to work 
(unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1.1 103.700 4.70 3.413 75,304 
1.1 103,700 4.70 3.413 75,304 
1.1 103,700 4.70 3.413 75,304 
1.1 103,700 4.70 3.413 75,304 
1.2 103,700 4.70 3.413 75,304 
1.2 103,700 4.70 3.413 75.304 
1.2 103,700 4.70 3.413 75,304 
1.2 103,700 4.70 3.413 75,304 
1.2 ~ 03.700 4.70 3.413 75.304 
1.2 103,700 4.70 3.413 75,304 
1.2 103,700 4.70 3.413 75,304 
1.2 103,700 4.70 3.413 75,304 
1.2 103,700 4.70 3.413 75,304 
t. 2 103,700 4.70 3.413 75.304 
1.2 103,700 4.70 3.413 75,304 
1.2 103.700 4.70 3.413 75,304 
1.2 103,700 4.70 3.413 75,304 
1.2 103,700 4.70 3.413 75,304 

doulated 
RejectS, 

C~eck 
:Btuh) 
79,004 
79,004 
Z9,004 
79,004 
58,672 
58.672 
58,672 
58,672 
58,672 
58,672 
58,672 
58,672 
58,672 
58,672 
56,672 
58,672 
58,672 
58,672 

Load Factor 
(unitleas) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh = 

Co~ot, wSSOr 
Energy Use 

(kWh) 
(kWh) 

44 
618 

3,067 
5,450 
5,186 
6,137 
8,472 
8,553 
10,808 
11,017 
t3,723 
t4,029 
t6,783 
13,755 
12,144 
7,876 
4,172 
1,401 

143.234 
22.06 

Application 
143,337 

22.1 
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LT#I, Measure #1 

C o ~ n N r  Capacity 2,425,000 Btuh Btuh Capacity 
Ice Cream Condensing Circuits 8 circuits 195,960 
LT#1 Condensing Cirouits 14 circuits 342,929 
LT#2 Condensing Circuits 0 circuits 0 
MT#1 CC, o¢~:lens~ng Circuits 35 circuits 857,323 
MT#2 Condemdng Circuits 24 circuits 587,879 
AC Condensing Circuits 18 circuits 440,909 
Total Circuits 99 2,425,000 

• n Co4ncldent Refrlge~Uon ApplioatWn 
Temgemtum Wet-Bulb Hour per ~n ,Case Load FaVor 

(o~ (°~ (hours) (Btuh) (unitless) 
113 74 2.0 147,847 1.1 
108 72 28.0 147,847 1.1 
103 70 139.0 147,847 1.1 
98 68 247.0 147,847 1.1 
93 66 322.0 147.847 1.1 
88 66 381.0 147,847 1.1 
83 63 528.0 147,847 1.1 
78 61 531.0 147,847 1.1 
73 59 671.0 147,847 1.1 
68 56 684.0 147,847 1.1 
63 53 852.0 147,847 1,1 
58 50 871.0 147,847 1.1 
53 47 1042.0 147,847 1.1 
48 43 854.0 147,847 1.1 
43 40 754.0 147,847 1.1 
38 36 489.0 147,847 1.1 

33 32 259.0 147,847 1.1 
28 27 87.0 147,847 1.1 

C~culated Eq~J~aleflt EsUrnate(t CCompreas(x 
Applioat~n Btuh rHecte¢l Compressor Cocwendon Btuh rejected 

FaVor, C, hec~ ~r case Load Efficiency, EER Consent due ~ work 
(unitloss) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1.4 147.847 5.30 3.413 95,208 
1,4 147,847 5.30 3.413 95,208 
1.4 147,847 5.30 3.413 95,208 
1.4 147,847 5.30 3.413 95,208 
1.6 147,847 5.30 3.413 95,208 
1.6 147.847 5.30 3.413 95,208 
t.6 147,847 5.30 3.413 95,208 
1.6 147,847 5.30 3.413 95,208 
1.6 147.847 5.30 3.413 95,208 
1.6 147,847 5.30 3.413 95,208 
1.6 147,847 5.30 3.413 95,208 
1.6 147,847 5.30 3.413 95,208 
1.6 147,847 5.30 3.413 95,206 
1.6 147.847 5.30 3.413 95,208 
1.6 147,847 5.30 3.413 95,208 
1.6 147,847 5.30 3.413 95,208 
1.6 147,847 5.30 3.413 95,208 
1.6 147,847 5.30 3.413 95,208 

Calcu~ted 
Btuh Rejected, 

Check 
(Btuh) 

243,055 
243,055 
243,055 
243,055 
217,349 
217,349 
217,349 
217,349 
217,349 
217,349 
217,349 
217,349 
217,349 
217,349 
217,349 
217,349 
217,349 
217,349 

Load Factor 
(unltloss) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Cofnpri~or 
Energy Use 

(kWh) 
(kWh) 

58 
781 

3,877 
6,890 
6.557 
7,759 
10,711 
10,813 
13,654 
13,929 
17,350 
17,737 
21,219 
17,391 
15,354 
9,958 
5,274 
1,772 

181.093 
27.90 

Application 
179,932 

27.7 
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MT#1, Measure #1 

Condenser C.apadty 2,425,000 Btuh Btuh Capacity 
Ice Cream CConc~enslng Circuits 8 clrcutls 195,960 
LT#1 Condensing Circuits 14 circuits 342,929 
LT#2 Condensing Circuits 0 circuits 0 
MT#1 CondencJng Circuits 35 circuits 857,323 
MT#2 Condensing Clmuits 24 circuits 587,879 
AC Conderising Circuits 18 circuits 440,909 
Total Circuits 99 2,425,000 

~n Coincident R~dgemUon Al~o,cat~n 
Temgemture Wet-Bulb Hour per ~n Cue Lend Factor 

(o~ (o~ (hours) (Btuh) (unitless) 
113 74 2.0 428,885 1.1 
108 72 28.0 428,885 1.1 
103 70 139,0 428,885 1.1 
98 68 247.0 428,885 1.1 
93 66 322.0 428,885 1.2 
88 66 381.0 428.885 1.2 
83 63 526.0 425,885 1.2 
78 61 531,0 428,885 1.2 
73 59 671.0 428,885 1.2 
68 56 684.0 428,855 1.2 
83 53 852.0 428,885 1.2 
58 50 871.0 428,855 1.2 
53 47 1042.0 428,885 1.2 
48 43 854.0 428,685 1.2 
43 40 754.0 428.685 1.2 
38 36 489.0 428,885 1.2 
33 32 259.0 428,885 1.1 
28 27 87.0 428,885 1.1 

Calculated Equ~alen! Comprosoor 
Appllcat~n Btuh r~Qcted Compressor Conversion Btuh mjectod 

Factor, Check for case Load Efflctercy, EER Constant due ~ work 
(unttless) (Btuh) (Btu/Walt-hr) (Btu/Wstt-hr) (Btuh) 

0.0 428,885 8.58 3.413 170,604 
0.0 428,885 8.58 3.413 170,604 
0.0 428,885 8.58 3.413 170,604 
0.0 428,885 8.58 3.413 170,604 
0.0 428.885 5.58 3.413 170,604 
0.0 428.885 5.58 3.413 170,604 
0.0 428,885 8.58 3.413 170,604 
0.0 428,885 8.58 3.413 170,604 
0.0 428.885 8.58 3.413 170.604 
0.0 428,885 8.58 3.413 170,604 
0.0 428,885 8.58 3.413 170,604 
0.0 428,885 8.58 3.413 170,604 
0,0 428,685 8.58 3.413 170,604 
0.0 428.585 8.58 3.413 170,604 
0.0 428,865 8.58 3.413 170,604 
0,0 428,885 8.58 3.413 170,604 
0.0 428,885 8.58 3.413 170,604 
0.0 428,885 8.58 3.413 170,604 

Calcu~ted 
Btuh Rejected, 

Ctteck 
(Btuh) 

599,489 
599,489 
599.489 
599,489 
553,426 
553.426 
553,426 
553,426 
553,426 
553,426 
553,426 
553,426 
553,426 
553,426 
553,426 
553.426 
553.426 
553.426 

Load Factor 
(unitless) 

1.00 
1.00 
1.00 
1.00 
0,73 
0.73 
0,73 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

C.~orossor 
Energy Use 

(kWh) 
(kWh) 
100 

1.400 
6,948 
12,347 
11,750 
13,903 
19,194 
19,376 
24,485 
24,959 
31.090 
31,783 
38,023 
31,183 
27,514 
17.844 
9,451 
3,175 

324.502 
49.99 

Application 
324,536 

50 
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MT#2. Measure #1 

Condenser Capacity 2,425,000 Btuh Btuh Capacity 
ice Cream Co~deneing Circuits 8 circuits 195,960 
LT#I Condensing Circuits 14 circuits 342,929 
LT#2 Co, t~mllng Circuits 0 circuits 0 
MT#I C, orldentdng Circuits 35 circuits 857,323 
MT#2 Condenldng Circuits 24 circuits 587,879 
AC Condensing Circuits 18 circuits 440,909 
Total Circuits 99 2,425,000 

~n Colndpent Refdgera~on Appflcation 
Temperature Wet-Bulb Hour per ~n Case Lsed Factor 

(°F) (°n (hours) (Btuh) (unitless) 
113 74 2.0 307,541 1.1 
108 72 28.0 307,541 1.1 
103 70 139.0 307,541 1.1 
98 68 247.0 307,541 1.1 
93 66 322.0 307,541 1.1 
88 66 381.0 307,541 1.1 
83 63 526.0 307,541 1.1 
78 61 531.0 307,541 1.1 
73 59 671.0 307,541 1.1 
68 56 684.0 307.541 1.1 
63 53 852.0 307,541 1.1 
58 50 871.0 307,541 1.1 
53 47 1042.0 307,541 1.1 
48 43 854.0 307,541 1.1 
43 40 754.0 307,541 1.1 
38 36 489.0 307,541 1.1 
33 32 259.0 307,541 1.1 
28 27 87.0 307,541 1.1 

Calcutsted Equ~alent Compressor 
ApplicaSon Btuh m~cted Compressor Convor=on Btuh rejected 

Factor, Check ~r case Load Efficiency, lEER Constant due to work 
(unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1.4 307,541 10.54 3.413 99,588 
1.4 307,541 10.54 3.413 99,586 
1.4 307,541 10.54 3.413 99,586 
1,4 307,541 10.54 3.413 99.586 
1.5 307,541 10.54 3.413 99,586 
1.5 307,541 10.54 3.413 99,586 
1.5 307,541 10.54 3.413 99,586 
1.5 307,541 10.54 3.413 99,586 
1.5 307,541 10.54 3.413 99,586 
1.5 307,541 10.54 3.413 99.586 
1.5 307.541 10.54 3.413 99.586 
1.5 307,541 10.54 3.413 99,586 
1.5 307,541 10.54 3.413 99.586 
1.5 307.541 10.54 3.413 99.586 
1.5 307,541 10.54 3.413 99,586 
1.5 307,541 10.54 3.413 99,586 
1.5 307,541 10.54 3.413 99,586 
1.5 307.541 10.54 3.413 99,586 

Calculated 
Buh Rejected, 

C~leck 
(Btuh) 

407.127 
407,127 
407,127 
407,127 
380.239 
380,239 
360,239 
380,239 
380.239 
380,239 
380,239 
380,239 
380,239 
380,239 
380,239 
380,239 
380,239 
380,239 

Load Factor 
(unSless) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Compmuor 
Energy Use 

(kWh) 
(kWh) 

58 
817 

4,056 
7,207 
6.859 
8,115 
11,204 
11,310 
14.292 
14,569 
18.145 
18,553 
22,195 
18.190 
t6,060 
10.416 
5,517 
1,853 

189.420 
29.18 

Application 
189,271 

29,2 
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AC, Measure #1 

Condenser CCap4ctty 2,425,000 Btuh Btuh Capacity 
Ice Cream CC, oncklnsing Circuit.s 8 circuits 195,960 
LT#1 Conderultng Circuits 14 circuit8 342,929 
LT#2 Condenltng Circuits 0 circuits 0 
MT#1 Condentdng Circuits 35 circuits 857,323 
MT#2 CCondertstng Circuits 24 circuits 587,879 
AC ,CorKlenslng Circuits 18 circuits 440,909 
Total Circuits 99 2,425,000 

Bin Coincident 
Temperature W~-B~b Hour per 

(°F) (°F) (hours) 
113 74 2.0 
108 72 28.0 
103 70 139.0 
98 68 247.0 
93 66 322.0 
88 66 381.0 
83 63 526.0 
78 61 531.0 
73 59 671,0 
68 56 684.0 
63 53 852.0 
58 50 871,0 
53 47 1042.0 
48 43 854.0 
43 40 754.0 
38 36 489.0 
33 32 259.0 
28 27 87.0 

Equivalent Compce~or 
Btuhrejectad Compre~or Conversion Btt,lhrojecled 

ACLo4KI ACLoad f~  AC Effictency, EER Constam due taw oN 
(tons) (Btuh) (Btuh) (Btu/WaH-hr) (Btu/Watt-hr) (Btuh) 
50.00 600,000 600,000 23,58 3.413 86,845 
44.12 529,440 529,440 24.11 3,413 74,947 
38.24 458,880 458,880 24.11 3.413 64,959 
32,35 388,200 388,200 24.11 3,413 54,953 
26.47 317,640 317,640 24.11 3.413 44,965 
20.59 247,080 247,080 24.11 3.413 34,977 
14.71 176,520 176,520 24.11 3,413 24,988 
8.82 105,840 105,840 24.11 3.413 14,983 
2.94 35,280 35,280 24~11 3.413 4,994 

C~cul~ed 
Btuh 

Rejected, 
Che0k 
(Btuh) 

686,845 
604,387 
523,839 
443,153 
362,605 
282,057 
201,508 
120,823 
40,274 

Load Factor 
(unitless) 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1,00 
1.00 
1.00 

Comprs~or 
Energy Use 

(kWh) 
(kWh) 

51 
615 

2,646 
3,977 
4,242 
3,904 
3,851 
2,331 
982 

kWh= 22,599 
kwh= 25.45 

Application 
22,578 

25 

Notes 
The application assumes a lower AC load in the post-measure #2 retrofit conditiorl. 
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Condenser, Measure #1 

Condenser Capacity 2,425,000 Btuh Btuh Capacity 
Ice Cream Condensing Cimuits 8 circuits 195,960 
LT#1 Condensing Circuits 14 circuits 342,929 
LT#2 Condensing Circuits 0 circuits 0 
MT#1 Condensing Circuits 35 circuits 857,323 
MT#2 Condensing Circuits 24 circuits 587,879 
AC Condensing Circuits 18 circuits 440,909 
Total Circuits 99 2,425,000 

Bin Coincident AC Heat 
Temperature Wet-Bulb Hour per bin Reaction 

(°F) (°F) (hours) (Btuh) 
113 74 2.0 686,845 
108 72 28.0 604,387 
103 70 139.0 523,839 
98 68 247.0 443,153 
93 66 322.0 362,605 
88 66 381.0 282,057 
83 63 526.0 201,508 
78 61 531.0 120,823 
73 59 671.0 40,274 
68 56 684.0 0 
63 53 852.0 0 
58 50 871.0 0 
53 47 1042.0 0 
48 43 854.0 0 
43 40 754.0 0 
38 36 489.0 0 
33 32 259.0 0 
28 27 87.0 0 

Refrigeration 
Heat Rejection 

(Btuh) 
1,428,675 
1,428,675 
1,428,675 
1,428,675 
1,309,686 
1,309,686 
1,309,686 
1,309,686 
1,309,686 
1,309,686 
1,309,686 
1,309,686 
1,309,686 
1,309,686 
1,309,686 
1,309,686 
1,309,686 
1,309,686 

Condenser 
Load Factor 

(unitless) 
1.2 
1.2 
1.2 
1.3 
1.4 
1.4 
1.5 
1.6 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 

Calculated 
Condenser 

Load Factor, Total Heat the 
Check R~ection Application 

(unitless) (Btuh) (MBtuh) 
1.1 2,115,520 2,106 
1.2 2,033,062 2,024 
1.2 1,952,514 1,943 
1.3 1,871,828 1,862 
1.5 1,672,290 1,782 
1.5 1,591,742 1,701 
1.6 1.511,194 1,620 
1.7 1,430,508 1,540 
1.8 1,349,960 1,459 
1.9 1,309,686 1,419 
1.9 1,309,666 1,419 
1.9 1.309,686 1,419 
1.9 1,309,686 1,419 
1.9 1,309,686 1,419 
1.9 1,309.686 1,419 
1.9 1,309,686 1,419 
1.9 1,309,686 1,419 
1.9 1,309,686 1,419 

Total Rejected 27,315,788 

Total Heat Total Heat 
Rejection from Rejection from 

the 
Application 

(Btuh) 
2,106,000 
2,024,000 
1,943,000 
1,862,000 
1,782,000 
1,701,000 
1,620,000 
1,540,000 
1,459,000 
1,419,000 
1,419,000 
1,419,000 
1,419,000 
1,419,000 
1,419,000 
1,419,000 
1,419,000 
1,419,000 

28,808 28,808,000 Heat rejection differences are significant 
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Measure #2 Summary of Findings 

Measure # Measure # 
Pre-Retrofit Post-Retrofit D e m a n d  Pre-Retrofit Post-Retrofit Energy 

Evaluation Compressor Savings D e m a n d  Demand Savings Energy Energy Savings 
Ice Cream Condensing Circuits 22.06 20.41 1.65 143,234 108,202 35,032 
LT#1 Condensing Circuits 27.90 24.24 3.66 181,093 123,282 57,811 
MT#1 Condensing Circuits 49.99 45.67 4.31 324,502 236,488 88.014 
MT#2 Condensing Circuits 29.18 25.08 4.09 189,420 128,621 60,800 
AC Condensing Circuits 25.45 33.76 -8.32 22,599 17,022 5,577 
Total 5.39 kW 247,234 

Total Refer w/Compressor 122.92 668,919 
kWh 

Measure # Measure # 
Pre-Retrofit Post-Retrofit D e m a n d  Pre-Retrofit Post-Retrofit Energy 

Application Compressor Savings D e m a n d  Demand Savings Energy Energy Savings 
Ice Cream Condensing Circuits 22.10 20.40 1,70 143,337 108,153 35,184 
LT#1 Condensing Circuits 27.70 24.10 3.60 179,932 128,092 51,840 
MT#1 Condensing Circuits 50.00 45.70 4.30 324,536 236,435 88,101 
MT#2 Condensing Circuits 29.20 25.10 4.10 189,271 128,596 60,675 
AC Condensing Circuits 25.00 34.00 -9.00 22,578 16,995 5,583 
Total 4.70 kW 241,383 kWh 

Measure 
Energy 

Difference in Savings per 
Measure # Pre- Post- Condenser Condenser 

Measure # Energy Condenser Condenser Heat Heat 
Pre-Retrofit Post-Retrofit D e m a n d  Pre-Retrofit Post-Retrofit Savings Rejection Rejection Rejection Rejection 

Applicaton Condenser Analysis D e m a n d  Demand Savings Energy Energy (kWh) (Btuh) (Btuh) (Btuh) (kWh/Btuh) 
Condenser Fan Use 8.00 8.00 0.00 20,720 77,076 -56,356 28,808,000 27,463,000 1,345,000 -0.04 

Measure 
Energy 

Difference in Savings per 
Pre- Post- Condenser  Condenser 

Condenser Condenser Heat Heat 
Rejection Rejection Re jec t ion  Rejection 

Evaluation Condenser Analysis (Btuh) (Btuh) (Btuh) (kWh/Btuh) Post-Energy 
Condenser Fan Use 27,315,788 25,770.629 1.545,160 -64,743 72,326 

Final Results for Measure #2 Energy Impact 
Soume Demand Impact 

Evaluation 5.39 182,491 
App cat on 4.70 185r027 

PostDemand 
7.5070106 

0 . 0 0 2 8 0 6 5 4  2.913E-07 
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Ice Cream, Measure #22 

Condenser Capacity 2,425,000 Btuh 
Ice Cream ConO~msing Circuits 5 circuits 
LT#1 Condensing Circuits 12 circuits 
MT#1 Condensing Circuits 33 circuits 
MT#2 Condensing Circuits 20 circuits 
AC ConpensJng Cimuits 30 circuits 
Total Circuits 100 

Btuh Capacity 
121,250 
291,000 
800,250 
485.000 
727,500 

Bin Coincident 
Temperature Wet-Bulb Hour per bin 

(°F) (°F) (hours) 
113 74 1.8 
108 72 27.6 
103 70 136.8 
98 68 246.9 
93 66 322.0 
66 66 380.8 
83 63 526.0 
78 61 530.6 
73 59 671.0 
68 56 683.7 
63 53 851.7 
58 50 871.3 
53 47 1041,7 
48 43 854.2 
43 40 754.1 
38 36 488.9 
33 32 258.7 
28 27 87.2 

Refrigeratlon 
Caseload 

(Btuh) 
36,457 
36,457 
36,457 
36,457 
36,457 
36,457 
36,457 
36,457 
36,457 
36,457 
36,457 
36,457 
36,457 
36,457 
36,457 
36,457 
36,457 
36.457 

Application 
Factor 

(unitless) 
2.1 
2.0 
2.1 
2.1 
2.1 
2.1 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 

Calculated Equivalent Comwes=o¢ 
Ap~loatton Btuh r~ected ,Compressor Conversion Btuh r~ected 

Fader, Check for case Load Effickmcy, EER Constant due ~ work 
(unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

2.0 36,457 5.36 3.413 23,214 
2.0 36,457 5.47 3.413 22,747 
2.1 36,457 5.68 3.413 21,906 
2.1 36,457 6.00 3.413 20,738 
24  36,457 6.10 3.413 20,398 
2.4 36.457 6.10 3.413 20,39B 
2,4 36,457 6.35 3.413 19,595 
2.4 36,457 6,43 3.413 19.351 
24  36.457 6.50 3.413 19,143 
2.4 36,457 6.72 3.413 18,516 
2.4 36,457 6.87 3.413 18,112 
2.4 36,457 6.94 3.413 17,929 
2.4 36,457 6.94 3.413 17.929 
2.4 36.457 6.94 3.413 17,929 
2.4 36,457 6.94 3.413 17,929 
2.4 36,457 6.94 3.413 17,929 
2.4 36,457 6.94 3.413 17,929 
2.4 36,457 6.94 3.413 17.929 

C.alcu~te¢l 
Btuh Rejected, 

Ched¢ 
(Btuh) 
59,671 
59,204 
58,363 
57.195 
51,348 
51.348 
50.761 
50.583 
50.431 
49,974 
49,679 
49,545 
49,546 
49.545 
49,545 
49,545 
49,545 
49,545 

Load Factor 
(unlUass) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Compresaor 
En~gy Use 

(kWh) 
(kWh) 

12 
184 
891 

1,500 
1,405 
1,661 
2,205 
2,196 
2.747 
2,708 
3.299 
3,341 
3,995 
3.276 
2,892 
1,875 
992 
334 

35,513 
6.80 

Agrees 
Agrees 

Application 
35.513 

6.8 
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LT#1, Measure #2 

CCor~enser Capacity 2.428,000 Btuh Btuh Capacity 
ice Cream Condeasing Circuits 5 circuits 121,250 
LT#1 Condensing Clroutts 12 circuits 291,000 
MT#I Condensing Circuits 33 circuits 800.250 
MT#2 Cortdenldng Circul~ 20 circuits 485,000 
AC Condensing Ckcuits 30 circuits 727.500 
Total Circuits 100 

~n Coin~dent Ftef dgeraUon Appllce~on 
Temgeratum Wet-Bulb Hour per ~n Case Load Factor 

(°~ (°F) (hours) (Btuh) (unllleas) 
113 74 1.8 139,450 1.8 
108 72 27.6 139,450 1.8 
103 70 138.8 139,450 1.8 
98 68 246.9 139,450 1.8 
93 66 322.0 139,450 1.8 
88 66 380.8 139,450 1.8 
83 63 526.0 139,450 1.8 
78 61 530.6 139,450 1.8 
73 59 671.0 139,450 1.8 
68 56 683.7 139.450 1.8 
63 53 851.7 139,450 1.8 
58 50 871.3 139,450 1.8 
53 47 1041.7 139,450 1.8 
48 43 854.2 139,450 1.8 
43 40 754.1 139,450 1.8 
38 36 488.9 139,450 1.8 
33 32 258.7 139,450 1.8 
28 27 87.2 139,450 1.8 

Calcu~ted Equ~alent Comprseeor 
Application Btuh rejected Compressor C~vemion ~uh rejected 

Factor, Check ~r case Load Efficiency, EER Consent due ~ work 
(unltlese) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1.4 139.450 6.90 3.413 68.977 
1.4 139,450 6.90 "3.413 68,977 
1.4 139,450 7.10 3.413 67,034 
1.4 139.450 7.30 3.413 65,198 
1.6 139,450 7.40 3.413 64,317 
1.6 139.450 7.40 3.413 84.317 
1.6 139,450 7.60 3.413 62,624 
t.6 139,450 7.70 3.413 61,811 
1.8 139.450 7.80 3,413 61.018 
1.6 139,450 8,00 3.413 59,493 
1.8 139,450 8.20 3.413 58,042 
1.6 139,450 8.40 3.413 56,660 
15 139,450 8.70 3.413 54.706 
1J6 139.450 8.70 3.413 54.706 
16 139,450 8.70 3.413 54,706 
1.6 139,450 8.70 3.413 54,706 
1.6 139,450 8.70 3.413 54,706 
1.6 139,450 8,70 3.413 54,706 

Calculated 
Btuh Rejected, 

Check 
(Btuh) 

208,427 
208,427 
208,484 
204,648 
184,472 
184,472 
183,287 
182,718 
182,163 
181,095 
180,079 
179,112 
177,744 
177,744 
177,744 
177,744 
177,744 
177,744 

Load Factor 
(unltless) 

1.00 
1.00 
1.00 
1.00 
0.7O 
0.70 
0.70 
O.70 
0.70 
O.70 
0.7O 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 

kWh= 
kWh= 

Compre~or 
Energy Use 

(kWh) 
(kWh) 

36 
558 

2,725 
4,716 
4,248 
6,023 
6,756 
6,727 
8,397 
8.342 
10,139 
10,125 
11,688 
9,584 
8.461 
5,486 
2,903 
978 

106.894 
20.21 

Different Result 
Different Result 

Applica~on 
92,228 

15.8 
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MT#I, Measure #2 

Cortdenser CapaOty 2,425,000 Btuh Btuh Capacity 
Ica Cr~rn Condemdng Circuits 5 circuits 121,250 
LT#I Condensing Circuits 12 clrculle 291,000 
MT#1 Condenldng Circuits 33 circuits 800,250 
MT#2 Condensing Circuits 20 circuits 485,000 
AC Condenldng CJrctJits 30 circuits 727,500 
Total Circuits 1 O0 

Bhl Colnddent R~r~e~lion Al~olica8on 
Tempemtum W~-Bulb Hour per ~n CaseLoad Factor 

(°~ ('F) (hours) (Btuh) (unitlesa) 
113 74 1.8 363,886 1.9 
108 72 27.6 363,886 1.9 
103 70 138.8 363,886 1.9 
98 68 246.9 363,886 2.0 
93 66 322.0 363,886 2.0 
88 66 380.8 363,886 2.0 
83 63 526.0 363,886 1.9 
78 61 530.6 363,886 1.9 
73 59 671.0 363,886 1.9 
68 56 6837 363,886 2.0 
63 53 851,7 363,886 2.0 
58 50 871.3 363,886 2.0 
53 47 1041.7 363,886 2.0 
48 43 854.2 363,886 2.0 
43 40 754.1 363,886 1.9 
38 36 488.9 363,886 1.9 
33 32 258.7 363,886 1.9 
28 27 87.2 363,886 1.9 

Calcu~te¢l Equ~alenl CompreNor 
Application Btuh rejected Compr~or Conversion Btuh mjectad 

Factor, Check ~r case Load Effldency, EER Constant due to 
(unltless) (Btuh) (Btu?Watt-hr) (Btu/Watt-hr) (Btuh) 

16 363,886 9,92 3.413 125,196 
1.6 363,886 9,92 3,413 125,198 
1.7 363,886 10.30 3.413 120,577 
1.7 363.886 1069 3.413 116,178 
1.5 363,886 11.07 3.413 112,190 
1.8 363,886 11.07 3.413 112,190 
1.8 363,886 11.45 3.413 108,467 
1.8 353,886 11.61 3.413 106,972 
1.8 383.866 11.76 3.413 105,607 
1.8 363,886 12.23 3.413 101,549 
1.8 363,886 12.53 3.413 99,118 
1.8 363,886 12.84 3.413 96,725 
1.9 363,886 13.28 3.413 93,520 
1.9 363,886 14.11 3.413 88.019 
1.9 363,886 14.39 3.413 86,306 
1.9 363.866 14.39 3.413 86,306 
1.9 363,886 14.39 3.413 86,306 
19 363,886 14.39 3.413 86,306 

Calculated 
Btui'l Relectm:l, 

Check 
(Btuh) 

489.082 
489,082 
484,463 
480,064 
445,788 
445,785 
443,067 
441,975 
440,979 
438,017 
436,242 
434,495 
432,155 
428,140 
426,889 
426,889 
426,889 
426,889 

Load Factor 
(unltlese) 

1.00 
1.00 
1.00 
1,00 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

. ~ ,  use 
(kWh) 
(kWh) 

66 
1,012 
4,904 
8,404 
7,727 
9,138 
12,203 
12,140 
15,157 
14,980 
18,056 
18,026 
20,837 
16,081 
13,921 
9,025 
4,776 
1,610 

187.932 
36.58 

Different Result 
Different Result 

Application 
160,882 

29.6 
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MT#2, Measure #2 

ConOeoaer Capacity 2,425,000 Btuh Btuh Capacity 
Ice Cream Condensing Circuits 5 circuits 121.250 
LT#1 Condensing Circuits 12 circuits 291,000 
MT#1 Condensing Circuits 33 circuits 800,250 
MTI2 Condoc.dng Circuits 20 circuits 485,000 
AC Condensing Circuits 30 circuits 727,500 
Total Circuits 100 

~n Coincident 
Temperatum W~-Bulb Hour per ~n 

( '~  ( '~  (hours) 
113 74 1.8 
108 72 27.6 
103 70 138.8 
98 68 246.9 
93 66 322.0 
88 66 380.8 
83 63 526.0 
78 61 530.6 
73 59 671.0 
68 56 693.7 
63 53 851.7 
58 50 871.3 
53 47 1041.7 
48 43 854.2 
43 40 754.1 
38 36 488.9 
33 32 258.7 
28 27 87.2 

Refrigeration 
Cmm Load 

(Btuh) 
199 000 
199 000 
199 00O 
199 000 
199 000 
199 000 
199 000 
199 000 
199 000 
199 000 
199 000 
199 000 
199 000 
199 000 
199 000 
199 000 
199 000 
199 000 

Application 
Factor 

(unltless) 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 

Calcu~ted EquNalent C, ompro~lo¢ 
Application Btuh rejected Compressor Conversion Btuh rejected 

FaVor, Check ~r case Load Effroency, EER Constant due to work 
(unitless) (Btuh) (BtuiWatt-hr) (Btu/Watt-hr) (Btuh) 

2.0 199.000 14.31 3,413 47,462 
2.0 199.000 14.53 3.413 46,744 
2.0 199,000 14.74 3.413 46,078 
2.0 199.000 15.40 3.413 44.103 
2.1 199,000 15.61 3.413 43,510 
2,1 199,000 15.61 3.413 43,510 
2.1 199,000 16,33 3.413 41,591 
2.1 199,000 16.60 3.413 40,915 
2.1 199,000 16.88 3.413 40.236 
2.1 199,000 17.71 3.413 38,350 
2,1 199,000 18.26 3.413 37,195 
2.2 199,000 19.07 3.413 35,615 
2.2 199,000 19.81 3.413 34,285 
2.2 199,000 20.81 3.413 32.638 
2.2 199,000 21.31 3.413 31,872 
2.2 199,000 21.31 3.413 31,872 
2.2 199.000 21.31 3,413 31,872 
2.2 199,000 21.31 3.413 31,872 

Calculated 
Btuh Rejected, 

Check 
(Btuh) 

246 462 
245 744 
245 078 
243 103 
230 762 
230 762 
229 362 
228 868 
228 372 
226 996 
226 153 
224 999 
224 028 
222 825 
222 266 
222 265 
222 266 
222 266 

Load Factor 
(unltless) 

1.00 
1.00 
1.00 
1.00 
0.73 
0~73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0,73 

kWh= 
kWh= 

Corn~llmssof 
.e.~gy use 

(kWh) 
(kWh) 

25 
378 

1,874 
3,190 
2.997 
3,544 
4,679 
4,543 
5,775 
5.608 
6,776 
5.637 
7,639 
5,963 
5,141 
3,333 
1,764 
594 

70,560 
13.91 

Agrees 
Agrees 

Application 
70,559 

13.9 
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AC, Measure #2 

Condenser Capacity 2,425,000 Btuh Btuh Capacity 
Ice Cream Condensing Cimu~s 5 circuits 121,250 
LT#1 Conde41sing Circuits 12 circuits 291.0O0 
MT#1 Condensing Circuits 33 circuits 800,250 
MT#2 Condensing Clmuits 20 circuits 485.000 
AC Condensing Circuits 30 circuits 727,500 
Total Circuits 100 

Bin Coincid~mt 
Temperature Wet-Bulb Hour per bin 

(°F) (=F) (hours) 
113 74 1.8 
108 72 27.6 
103 70 138.8 
98 68 246.9 
93 66 322.0 
88 66 380.8 
83 63 526.0 
78 61 530,6 
73 59 671.0 
68 56 683.7 
63 53 851.7 
58 50 871.3 
53 47 1041.7 
48 43 854,2 
43 40 754.1 
38 36 488.9 
33 32 258.7 
28 27 87.2 

Equivalent Compre~or 
Btuh rejected Compressor Converldon Btuh rejected 

AC Load AC Load for AC Efficiermy, EER Constant due to work 
(tons) (Btuh) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 
34.00 408,000 408,000 20.38 3.413 68,327 
34.00 408,000 408,000 20.74 3,413 67,141 
34.39 412,680 412,680 21.11 3.413 66,721 
27.30 327,600 327,600 24.18 3.413 46,241 
21.30 255,600 255,600 30.10 3,413 28,982 
15,20 182,400 182,400 32.03 3.413 19,436 
9.10 109,200 109,200 35.91 3.413 10,379 
3.10 37,200 37,200 35.91 3,413 3,536 

C=cul=ed 
Btuh 

Rejected, 

(Btuh) 
476,327 
475,141 
479,401 
373,841 
284,582 
201,836 
119,579 
40,736 

Load Factor 
(unitless) 

1.00 
1.00 
1,00 
1.00 
1.00 
1.00 
1.00 
1.00 

kWh= 
kWh= 

Compressor 
Energy Use 

(kWh) 
(kWh) 

36 
543 

2,713 
3,345 
2,734 
2,169 
1,600 
55O 

13,690 
20.02 

Agr~e~s 
Agrees 

Applic~ion 
13,699 

20 
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Condenser, Measure #2 

Condenser Capacity 2,425,000 Btuh 
Ice Cream Condensing Circuits 5 circuits 
LT#1 Condensing Circuits 12 circuits 
MT#1 Condensing Circuits 33 circuits 
MT#2 Condensing Circuits 20 circuits 
AC Condensing Circuits 30 circuits 
Total Circuits 100 

Btuh Capaci~ 
121,250 
291,000 
800,250 
485,000 
727,500 

2,425,000 

Bin Coincident AC Heat 
Temperature Wet-Bulb Hour per bin Rejection 

(°F) (°F) (hours) (Btuh) 
113 74 1.8 476,327 
108 72 27.6 475,141 
103 70 138.8 479,401 
98 68 246.9 373,841 
93 66 322.0 284,582 
88 66 380.8 201,836 
83 63 526.0 119,579 
78 61 530.6 40,736 
73 59 671.0 0 
68 56 683.7 0 
63 53 851.7 0 
58 50 871,3 0 
53 47 1041.7 0 
48 43 854.2 0 
43 40 754.1 0 
38 36 488.9 0 
33 32 258.7 0 
28 27 87.2 0 

Refdgeration 
Heat Rejection 

(Btuh) 
1,003,643 
1,002,457 
994,388 
985 010 
912 366 
912 366 
906 476 
904 144 
901 946 
896 081 
892 152 
888 151 
883 473 
878 254 
876 445 
876 445 
876 445 
876 445 

Condenser 
Load Factor 

(unitless) 
1.8 
1,8 
1.8 
1.9 
2.1 
2.3 
2.5 
2.7 
2.8 
2.8 
2.8 
2,8 
2.8 
2.8 
2.8 
2.8 
2,8 
2.8 

Calculated 
Condenser 

Load Factor, 
Check 

(unitless) 
1.6 
1.6 
1.6 
1.8 
2.0 
2.2 
2.4 
2.6 
2.7 
2.7 
2.7 
2.7 
2 2  
2.8 
2.8 
2.8 
2.8 
2.8 

Total Rejected 

Total Heat 
Rejection 

(Btuh) 
1,479,970 
1.477,598 
1,473,789 
1,358,850 
1,196,948 
1,114,202 
1,026,055 
944 880 
901 946 
896 081 
892 152 
888 151 
883 473 
878 254 
876 445 
876 445 
876 445 
876 445 

18,918,131 

Total Heat Total Heat 
Rejection from Rejection from 

the 
Application 

(MBtuh) 
1,353 
1,359 
1,357 
1,247 
1,154 
1,072 
990 
909 
87O 
866 
864 
863 
862 
862 
863 
863 
863 
863 

the 
Application 

(Btuh) 
1,353,000 
1,359,000 
1,357,000 
1,247,000 
1,154 000 
1,072 000 
990 000 
909 000 
870 000 
866 000 
864 000 
863 000 
862 000 
862 000 
863 000 
863 000 
863 000 
863 000 

18,080 18,080,000 Heat rejection differences are significant 
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Ice Cream, Measure sl 

C.,ortder~ser Capacity 2,425,oo0 Bluh Btuh Capacity 
Ice Cream CondencJng Circuit= 4 circuits 97,000 
LT#1 Condensing Circuits 11 circuits 266,750 
MT#I Conderadng Circuits 29 circuits 703.250 
MT#2 Condensing Circuits 17 circuits 412,250 
AC Condensing Circuit,s 33 circuits 921.500 
High Temperature 1 circuits 24,250 
Total Circuits 100 2,425,000 

Bin Coincident RMrlgem~on Al~ollcaUon 
Ternderature Wet-Bulb Hour per~n C, meLoed FaVor 

(°~ (°F) (hours) (Btuh) (unltless) 
113 74 1.8 36,457 1.6 
105 72 27.6 36,457 1.6 
103 70 138.8 36,457 1.6 
98 68 246.9 36,457 1,6 
93 66 322.0 36,457 1.6 
88 66 380.8 36,457 1,6 
83 63 526.0 36,457 1.6 
78 61 530.6 38,457 1.6 
73 59 671.0 38,457 1.6 
68 56 683.7 36.457 1.6 
63 53 851.7 36.457 1.6 
58 50 871.3 36,457 1.6 
53 47 1041.7 36,457 1.6 
48 43 854.2 36.457 1.6 
43 40 754.1 36,457 1.6 
38 36 488.9 36,457 1.6 
33 32 258.7 36,457 1.6 
28 27 87.2 38,457 1.6 

Calculated Equivalent Compressor 
AppllcaHon Btuh rejected Compressor Convendork Btuh rejected 

FaVor, Check for case Load Efltcie~.t, EER Constant due ~ work 
(unities=) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1.6 36,457 5.06 3.413 24,590 
1.6 36,457 5.06 3.413 24,590 
1.6 36,457 5.06 3.413 24.590 
1.6 38,457 5.06 3.413 24,690 
1.8 36,457 5.06 3.413 24,590 
1.8 36,457 5.06 3.413 24,590 
1.8 36.457 5.06 3.413 24.590 
1.8 36,457 5.06 3.413 24.590 
1.8 36.457 5.08 3.413 24,590 
1.8 36,457 5.06 3.413 24,590 
1.8 36,457 5.06 3.413 24,590 
1.8 36,457 5.06 3.413 24,590 
1.8 36,457 5.06 3.413 24.590 
1.8 36.457 5.06 3.413 24,590 
1.6 36,457 5.06 3.413 24.590 
t~8 36.457 5.06 3.413 24,590 
1.8 36,457 5.06 3,413 24,590 
1.8 36,457 6.06 3.413 24,590 

Calculated 
Btuh Relented, 

Check 
(Btuh) 
61,047 
61,047 
61,047 
61.047 
54,408 
54,406 
54,408 
54,408 
54.408 
54.406 
54,408 
54.408 
54,408 
54.408 
54,408 
54,408 
54,408 
54,408 

Load Factor 
(unltlsss) 

1.00 
1.00 
1.00 
1.O0 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Compre~or 
Energy Use 

(kWh) 
(kWh) 

13 
199 

1,000 
t .779 
1,694 
2,003 
2,767 
2,791 
3.529 
3,596 
4,460 
4,583 
5,479 
4.493 
3,966 
2,571 
1,361 
459 

46.761 
7.20 

Agrees 
Agrees 

Application 
46,762 

7.2 
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LT#I, Measuro #1 

Condenser Capacity 2,425,000 Btuh Btuh Capacity 
ice Cream Condensing Circuits 4 circuit= 97,000 
LTtl Condensing Circuits 11 clrcultl 256,750 
MT#1 Condensing Circuits 29 circuits 703,250 
MT#2 Condensing Circuils 17 circuits 412,250 
AC Condensing Circuits 38 circuits 921,500 
High Temperature 1 circuits 24,250 
Total Circuits 100 2,425,000 

~n Coincident R~gemtion 
Temperature Wet-Bulb Hour per ~n Case Load 

P~ {°~ {hours) (Stub) 
113 74 1.8 139,450 
108 72 27.6 139,450 
103 70 ~38.8 139,450 
96 68 246.9 139,450 
93 66 322.0 139,450 
88 66 380.8 139,450 
53 63 526.0 139,450 
76 61 530.6 139,450 
73 59 671.0 139,460 
66 66 563.7 139,450 
63 53 551.7 139,450 
58 50 571,3 139,450 
53 47 1041.7 139,450 
48 43 854.2 139,450 
43 40 754.1 139,450 
38 36 488.9 139,450 
33 32 258.7 139,450 
28 27 87.2 139,450 

Application 
Factor 

(unitles=) 

C=cutsted Equ~akmt EsUmated Cor~ore~ot 
AppllcaUon Buh mje=ed Compressor Coraversien B~h reject= 

Factor, Check for case Load Efficiency, EER Cona~nt ~ue ~ wo, n~ 
(unltlaas) (Btuh) (Btu/Watt-hr) (Btu/Watt-h r) (Btuh) 

1.2 139,450 6.30 3.413 75,546 
1.2 139,450 6.30 3.413 75,546 
1.2 139,450 6.30 3.413 75.546 
1.2 139,45C 6.30 3.413 75,546 
1.4 139,450 6.30 3,413 75.546 
1,4 139,450 6.30 3.413 75,546 
1.4 139,450 6.30 3.413 75,546 
1.4 |39,450 6.30 3.413 75,546 
1.4 139,450 6.30 3.413 75,546 
1.4 139,450 6.30 3.413 75,546 
1,4 139,450 6,30 3.413 75,546 
1,4 139,450 6.30 3.413 75,546 
1.4 139,450 6.30 3.413 75.546 
1.4 139,450 6.30 3.413 75,546 
1.4 139,450 6.30 3.413 75,546 
1.4 130,450 6.30 3.413 75,546 
1.4 139,450 6.30 3.413 75,546 
1.4 139,450 6.30 3.413 75,546 

C~dcu~ted 
Btuh Rqected, 

Check 
(Bluh) 

214,996 
214,996 
214,096 
214,996 
192.333 
192,333 
192,333 
102,333 
192,333 
192.333 
192,333 
192,333 
192,333 
192,333 
192,333 
192,333 
192,333 
192,333 

Load Factor 
(unllleaa) 

1.00 
1.00 
1.00 
1.00 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 

kWh= 
kwh= 

Cornpfensor 
Energy Use 

(kWh) 
{kWh) 

40 
611 

3,072 
5,465 
4,989 
5.900 
8,150 
8,221 
10,397 
10,594 
13,197 
13,600 
16,141 
13,235 
11,684 
7,575 
4,005 
1,361 

135,131 
22.13 

Apr~icatlon 
No Application for Comparison 
No Application for Comparison 
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MT#1, Measure #I 

Condenser Capacity 2,425,000 Btuh Btuh Capacity 
Ice Cream Co~densin9 Circuits 4 circuits 97,000 
LTml Corldensing C~rcuits 11 circuits 266,750 
MT#1 Condemdng Circuits 29 circuits 703.250 
MT#2 Condensing Circuits 17 circuits 412,250 
AC .Conden=ng Circuits 38 circuits 921,500 
High Temperature 1 circuits 24.250 
Tota£ Circuits 100 2,425,000 

Bin CCColncJc~ent Refrigera~on AppllcaUon 
Temperature Wet-Bulb Hour per ~n Case Load Fa=or 

(=~ (=~ (hours) (Btuh) (unltless) 
113 74 1.8 363,888 1.7 
108 72 27.8 363,886 1.7 
103 70 138,8 363,886 1.7 
98 68 246.9 363,886 1.7 
93 68 322.0 363,888 1.7 
88 66 380.8 363,886 1.7 
83 63 526.0 363,866 1.7 
78 61 530.6 363,866 1.7 
73 59 671.0 363,886 1.7 
68 56 683.7 363,686 1.7 
63 53 851.7 363,886 t.7 
58 50 871.3 363,886 1.7 
53 47 1041.7 363.686 1.7 
48 43 854.2 363.886 1.7 
43 40 754.1 363,886 1.7 
38 36 486.9 363,886 1.7 
33 32 258.7 363,866 1.7 
28 27 87.2 363,886 1.7 

Calcu~ted Equ~=ent Compre~ol 
Al~.aUon Btuh rejected Compre~,or Corwe~on Btuh m~e,c=~ 

Factor, Check ~r cue  Load Efficacy, EER Constant due to work 
(unltless) (Btuh) (Btu./Watt.h~ (6tu/Wltt-hr) (Btuh) 

1.4 363.886 9.30 3.413 133,642 
t.4 363,866 9.30 3.413 133,542 
1.4 363,686 9.30 3.413 133,542 
1.4 363,866 9.30 3.413 133,542 
1.5 363.686 9.30 3.413 133,642 
1.5 363,886 9.30 3.413 133,542 
15 363,866 9.30 3.413 133,642 
1.5 363.688 9.30 3.413 133,542 
1.5 363,866 9.30 3.413 133,542 
t.5 363,886 9.30 3,413 133,542 
1"5 363,866 9.30 3.413 133,542 
1.5 363,886 9.30 3.413 133,542 
1.5 363,886 9.30 3.413 133,542 
1.5 363,686 9.30 3.413 133,542 
1.5 363,886 9.30 3.413 133,542 
1,5 363,886 9.30 3.413 133,542 
1.5 363,886 9.30 3,413 133,542 
1.5 363,866 9.30 3.413 133,542 

Calculated 
BtuhRe~ected, 

Check 
(Btuh) 

497,428 
497,429 
497.428 
497,428 
461,372 
461,372 
461,372 
461.372 
461,372 
461.372 
461,372 
461,372 
461,372 
461,372 
461,372 
461,372 
461.372 
481,372 

Load Factor 
(unltless) 

1.00 
1,00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

comp~or 
Energy Use 

(kWh) 
(kWh) 

70 
1,080 
5,431 
9.681 
9,197 
10,877 
15~024 
15.166 
19,166 
19,529 
24,327 
24,887 
29,754 
24,399 
21,539 
13,964 
7,389 
2.491 

253,941 
39.13 

Different Result 
Different Result 

Application 
195,786 

30,2 
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MT#2, Measure #I 

Condenser Capacity 2,425,000 @tuh Btuh Cap~ty 
Ice Cream Condensing CImuits 4 circuits 97,000 
LT#I Condensing Circuits 11 circuits 266,750 
MT#1 Condensing Circuits 29 circuit= 703,250 
MT#2 Condensing Circuits 17 circuits 412,250 
AC C,o~ldensing Circuits 38 circuits 921,500 
High Temperature 1 circuits 24,250 
Tota] Circuits 100 2,425,000 

Bn Coincident RMMgeraUen Applioagon 
Temperature Wet-Bulb Hour per ~n C~e Load Factor 

~ (o~ (houri) (Btuh) (unitleee) 
113 74 1.5 199,000 1.6 
108 72 27.6 199,000 1.6 
103 70 138.8 199,000 1.6 
98 68 246.9 199,000 1.6 
93 66 322.0 199,000 1.6 
88 66 380.8 199,000 1.6 
83 63 526.0 199,000 1.6 
78 61 530.6 199,000 1.6 
73 59 671.0 199,000 1.6 
58 56 683.7 199,000 1.6 
63 53 851.7 199,000 1.6 
58 50 871.3 199,000 1.6 
53 47 1041.7 199,000 1.6 
48 43 854.2 199,000 1.6 
43 40 754.1 199,000 1.6 
38 35 488.9 19g,000 1.6 
33 32 258.7 199,000 1.6 
28 27 87.2 199,000 1.6 

CaJcu~ted Equivalent 
AppUcaUon Btuh mjecteO CCompmssor 

Facet, Check ~r case Load Effider~cy, EER 
(unitloee) (Btuh) 

1.6 199 000 
1.5 199 000 
1.6 199 000 
1.6 19g 000 
1.7 199 000 
1.7 199 000 
1.7 199 000 
1.7 199 000 
1.7 199 000 
1.7 199 000 
1.7 199 000 
1.7 199 000 
1.7 199 000 
1.7 199 000 
1.7 199 000 
1.7 199 000 
1.7 199 000 
t.7 199.000 

co~onmor 
Converaien Btuh reJKtKI 
Constant due to wo~l( 

(Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 
12.99 3.413 52,266 
12.99 3.413 52,285 
12.99 3.413 52.285 
12.99 3.413 52,285 
12.99 3.413 52,265 
12.99 3.413 52,285 
12.99 3.413 52,285 
12.99 3.413 52,285 
12.99 3.413 52,265 
12.99 3.413 52,285 
12.99 3.413 52,256 
12.99 3.413 52,285 
12.99 3.413 52,285 
12.99 3.413 52,285 
12.99 3.413 52.236 
12.99 3.413 52,265 
12.99 3.4~3 52,265 
12.99 3.413 52,265 

Calculated 
Btuh Rejected. 

Check 
(Btuh) 

251 265 
251 285 
251 285 
261 266 
237 168 
237 168 
237 168 
237 168 
237 168 
237 105 
237 168 
237 168 
237 168 
237 168 
237 168 
237 168 
237 168 
237 168 

Load Factor 
(unltloe¢) 

1.00 
1,00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

CompffNisor 
Energy Use 

(kWh) 
(kWh) 

28 
423 

2,126 
3.782 
3,601 
4,269 
5,882 
5,934 
7.504 
7,646 
9,525 
9,744 
11,650 
9,553 
8,433 
5.467 
2,893 
975 

99,425 
1532 

Agrees 
Agrees 

AppllcaUon 
gg,435 

15.3 
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AC, Measure #1 

Condenser Capacity 2,425,000 Btuh Btuh Capacity 
Ice Cream Condensing Circuits 4 circuits 97,000 
LT#1 Condensing Circuits 1 1 circuits 266,750 
MT#t Condensing Circuits 29 circuits 703,250 
MT#2 Condensing Circuits 17 circuits 412,250 
AC Condensing Ctrcuils 38 circuits 921,500 
High Temperature 1 circuits 24,250 
Total Circuits 100 2,425,000 

~n C~nddent 
Tempemture Wet-Bulb Hour per~n 

(°~ (°~ (hours) 
113 74 1.8 
108 72 27,6 
103 70 138.8 
96 66 246,9 
93 66 322,0 
98 66 380.8 
83 63 526.0 
78 61 530.6 
73 59 671,0 
68 56 683.7 
63 53 851,7 
58 50 871.3 
53 47 1041.7 
48 43 854,2 
43 49 754.1 
38 36 488.9 
33 32 258.7 
28 27 87.2 

Equiv~em ~oreuor 
Btuh rejected Compreasor Conver~on Btuh reJec~ecl 

AC Load AC Load for AC E~Kdency, EER Conste~ due ~ won 
(tons) (Btuh) (Btuh) (Btu/Watt-hr) (Btu/WaH-hr) (Btuh) 
34.00 408,000 408,000 19.29 3,413 72,188 
34.00 408,000 408,000 19.29 3,413 72,188 
34.39 412,680 412,680 19.29 3,413 73,016 
27.30 327,600 327,600 19.29 3.413 57,963 
21,30 255,600 255,600 19.29 3.413 45,224 
15.20 182,400 182,400 19.29 3.413 32,272 
9.10 109,200 109,200 19.29 3.413 19,321 
3.10 37,200 37,200 19.29 3,413 6,582 

Calculat~ 
Btuh 

RejectS, 
Check 
(Btuh) 

480,188 
480,188 
485,696 
385,563 
300,824 
214,672 
128,521 
43,782 

Load Factor 
(unltless) 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

Compressor 
Energy Use 

(kWh) 
(kWh) 

38 
584 

2,969 
4,193 
4,267 
3,601 
2,978 
1,023 

kWh= 19,653 Disagrees 
kWh= 21.15 Disagrees 

Application 
28,417 

25 

Notes 
The application assumes a lower AC load in the post-rosa,sure #2 retrofit condition. 
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Condenser, Measure #1 

Condenser Capacity 2,425,000 Btuh 
Ice Cream Condensing Circuits 4 circuits 
LT#1 Condensing Circuits 11 circuits 
MT#1 Condensing Circuits 29 circuits 
MT#2 Condensing Circuits 17 circuits 
AC Condensing Circuits 38 circuits 
High Temperature 1 circuits 
Total Circuits 100 

Btuh Capacity 
97,000 

266,750 
703,250 
412,250 
921,500 
24,250 

2,425,000 

Bin Coincident AC Heat 
Temperature Wet-Bulb Hour per bin Rejection 

(°F) (°F) (hours) (Btuh) 
113 74 1,8 480,188 
108 72 27.6 480,188 
103 70 138.8 485,698 
98 68 246.9 385,563 
93 66 322.0 300,824 
88 66 380.8 214,672 
83 63 526.0 128,521 
78 61 530.6 43,782 
73 59 671.0 0 
68 56 683.7 0 
63 53 851.7 0 
58 50 871.3 0 
53 47 1041.7 0 
48 43 854.2 0 
43 40 754.1 0 
38 36 488.9 0 
33 32 258.7 0 
28 27 87.2 0 

Refrigeration 
Heat Rejection 

(Btuh) 
1,024,758 
1,024,758 
1,024 758 
1,024 758 
945 281 
945 281 
945 261 
945 261 
945 281 
945 281 
945 281 
945 281 
945 281 
945 281 
945 281 
945 281 
945 281 
945 281 

Condenser 
Load Factor 
(unttless) 

1.7 
1.7 
1.7 
1.8 
1.9 
2.1 
2.2 
2.4 
2.6 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 

Calculated To~l Heat To~l Heat 
Condenser Rejection from Rejection from 

Load Factor, Toni Heat the the 
Check Rejection Application Application 

(unitless) (Btuh) (MBtuh) (Btuh) 
1.6 1,504,945 1,452 1,452,000 
1.6 1,504,945 1,452 1,452,000 
1.6 1,510,453 1,432 1,432,000 
1.7 1,410,320 1,348 1,348,000 
1.9 1,246,104 1,264 1,264,000 
2.1 1,159,953 1,180 1,180,000 
2.3 1,073,802 1,096 1,096,000 
2.5 989,063 1,013 1,013,000 
2.6 945,281 929 929,000 
2.6 945,281 887 887,000 
2.6 945,281 887 887,000 
2.6 945,281 887 887,000 
2.6 945,281 887 887,000 
2.6 945,281 887 887,000 
2.6 945,281 887 887,000 
2.6 945,281 887 887,000 
2.6 945,281 887 887,000 
2.6 945,281 887 887,000 

Total Rejected 19,852,393 19,149 19,149,000 Heat rejection differences are significant 
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Measure #2 Summary of Findings 

Measure # Measure # 
Pre-Retrofit Post-Retrofit D e m a n d  Pre-Retrofit Post-Retrofit Energy 

Evaluation Compressor Savings D e m a n d  Demand Savings Energy Energy Savings 
Ice Cream Condensing Circuits 7.20 6.60 0.40 46,761 35,513 11,247 
LT#1 Condensing Circuits 22.13 20.21 1.92 138,131 106,894 31,236 
MT#1 Condensing Circuits 39.13 36.68 2.45 253,941 187,932 66,009 
MT#2 Condensing Circuits 15.32 13.91 1.41 99,425 70,560 28,865 
AC Condensing Circuits 21.15 20.02 1.13 19,663 13,690 5,963 
Total 7.32 kW 143,322 

Total Refer w/Compressor 85.97 450,145 
kWh 

Measure # Measure # 
Pre-Retrofit Post-Retrofit D e m a n d  Pre-Retrofit Post-Retrofit Energy 

Application Compressor Savings D e m a n d  Demand Savings Energy Energy Savings 
Ice Cream Condensing Cimuits 7.20 6.80 0.40 46,762 35,513 11,249 
LT#1 Condensing Circuits 16.40 15.60 0.60 105,450 92,226 13,222 
MT#1 Condensing Circuits 30.20 29.60 0.60 195,766 160,882 34,904 
MT#2 Condensing Circuits 15.30 13.90 1.40 99,435 70,559 28,876 
AC Condensing Circuits 25.00 20.00 6.00 28,4 t 7 13,699 14,718 
Total 8.00 kW 102,969 

8 1 0 2 9 6 9  

Dark Green font is an estimate because this level of detail was missing from the application. 

kWh 

Measure 
Energy 

Difference in Savings per 
Measure # Pre- Post- Condenser Condenser 

Measure # Energy Condenser  Condenser Heat Heat 
Pre-Retrofit Post-Retrofit D e m a n d  Pre-Retrofit Post-Retrofit S a v i n g s  Rejection Rejection Rejection Rejection 

Applicaton Condenser Analysis D e m a n d  Demand Savings Energy Energy (kWh) (Btuh) (Btuh) (Btuh) (kWh/Btuh) 
Condenser Fan Use 8.00 8.00 0o00 11,643 47,064 -35,421 19,149,000 18,080.000 1,069,000 -0.03 

Pre- 
Condenser 
Rejection 

Evaluation Condenser Analysis (Btuh) 
Condenser Fan Use 19,852.393 

Final Results for Measure #2 I 

I Source Demand Impact Energy Impact 
Evaluation 7.32 112,366 
Application 8.00 67~548 

Measure 
Energy 

Difference in Savings per 
Post- Condenser  Condenser 

Condenser Heat Heat 
Rejection Rejection Rejection 

(Btuh) (Btuh) (kWhJBtuh) Post-Energy Post Demand 
18,918.131 934,262 °30,957 49,246 6.37065443 

0.0026031 4.4248E-07 
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ICO Cream, Measure #2 

Cont~enser Capacity 1,150.000 Btuh Bt~h Capacity 
Ice Cream Condensing Circuits 3 circuits 34,648 
LT#1 Condensing Circuits 7 circuits 81,313 
LT#2 Condensing Circuits 5 circuits 58,081 
MT#I Condensing Circuits 23 circuits 267,172 
MT#2 Condensing Circuits 26 circuits 302,020 
AC Conderl~Jng Circuits 35 circuits 406.566 
Total Circuits 99 1,150,000 

~n C~nddeflt Reffigerstion 
Temperuture WeFBulb Hour per ~n Cale Load 

(°~ ( '~  (hour) (Btuh) 
113 74 1.0 39,300 
108 72 6.0 39,300 
103 70 53.0 39,300 
96 66 159.0 39,300 
93 66 267.0 39,300 
66 66 364.0 39,300 
83 63 457,0 39,300 
78 61 581.0 39,300 
73 59 707.0 39,300 
68 56 604.0 39,300 
63 53 965.0 39,300 
56 50 1100,0 39,300 
53 47 1098.0 39,300 
48 43 902.0 39,300 
43 40 681.0 39,300 
38 36 397.0 39,300 
33 32 159.0 39,300 
28 27 32.0 39,300 

Ap~,~tion 
Factor 

(unltless) 

C, ak:u~t~ Equivalent Compmm:x 
Appil,~5o,n ~tuh t~ct~:l  Compressor Convecsion Btuh rejected 

Factor, Check for' case Load E . ~ i ,  EER CCoqtltant due ~ won 
(unlUess) (Btuh) (Btu/Watt-h~ (Btu/Watt-hr) (Btuh) 

0.6 39,300 4.42 3,413 30,346 
0,5 39,300 4.42 3,413 30.348 
0.5 39,300 4.42 3.413 30,346 
0.5 39,300 4.42 3.4~3 30.346 
0.6 39,300 4.42 3.413 30,346 
0.6 39,300 4.42 3.413 30,346 
0.6 39,300 4.42 3.413 30,346 
0.6 39.300 4.42 3.413 30,346 
0.6 39,300 4.42 3.413 30°346 
0.6 39,300 4.42 3.413 30,348 
0.5 39,300 4.42 3.413 30,346 
0.6 39,300 4.42 3.413 30,346 
0.6 39,300 4.42 3.413 30,348 
0.6 39,300 4.42 3.413 30,346 
0.6 39,300 4.42 3.413 30,346 
0.6 39,300 4.42 3.413 30,348 
0.8 39,300 4.42 3.413 30.346 
0.6 39.300 4.42 3.413 30,346 

CIdCu~UKI 
Bluh Rele~:ted, 

Ct~eck 
(Btuh) 
69,846 
69,646 
69,646 
69,646 
61,453 
61,463 
61,453 
61,453 
61,453 
61,453 
61,453 
61,453 
81,453 
61,453 
61,453 
61,453 
61,453 
61,453 

I.old Factor 
(unltleu) 

1,00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Coml~lmor 
EnaW U~ 

(kWh) 
(kWh) 

9 
71 

471 
1,414 
1,663 
2,363 
2,966 
3,771 
4,569 
5,219 
6,264 
7,140 
7.127 
5,865 
4,420 
2,577 
1,032 
208 

57,357 
8.69 

Application 
57,364 

8.9 
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LT#I, Moasure #2 

ConOenser Capacity 1,150,000 Btuh Btuh Capacity 
Ice Cream Conpenslng Circuits 3 circuits 34,848 
LT#I Condensing Circuits 7 circuits 81,313 
LT#2 Condensing Circuits 5 circuits 58,081 
MT#I Co~den~lng Cimulta 23 circuits 267,172 
MT#2 CC~densing Circuits 26 circuits 302,020 
AC Condensing Circuits 35 circuits 408,566 
Total Circuits 99 1.150,000 

Bn .CCo~nc~ent RMdgemUon 
Teml3emture Wet-Bulb Hour per ~n Case Load 

~ (°R (hours) (Btuh) 
113 74 1,0 90,900 
108 72 8,0 99,900 
103 70 53.0 99,900 
98 68 159,0 99,900 
93 66 287.0 99,900 
88 66 364.0 99,900 
83 63 457.0 99,900 
78 61 581.0 99,900 
73 59 707.0 99,900 
68 56 804.0 99.900 
63 53 965.0 99,900 
55 50 1100.0 99,900 
53 47 1098.0 99,900 
48 43 902.0 99,900 
43 40 681.0 99,900 
38 36 397.0 99,900 
33 32 159.0 99,900 
28 27 32.0 99,900 

Application 
Factor 

(unltless) 

C,,alcu~te¢l Equ~ent Comp¢'mOr 
Appllcatio¢1 Btuh rejected Compressor Conversion Btuh raJe, c~id 

Factor, Check( for cue  Load Effidency, FEER Constant due to work 
(unltloss) (Btuh) (Btu/Watl-hr) (Btu/Watt-hr) (Btuh) 

0.5 99,900 5.00 3.413 68,192 
0,5 99,900 5.00 3,413 68,192 
0.5 99,900 5.00 3.413 68.192 
0.5 99,900 5.00 3.413 68,192 
0.6 99,900 5.00 3.413 68,192 
0.8 99.900 5.00 3.413 68,192 
0.6 99,900 5.00 3.413 68,192 
0.8 90,900 5.00 3.413 68,192 
0.6 99,900 5.00 3.413 68,192 
0.5 99,900 5.00 3,413 68,192 
0.6 99,900 5.00 3.413 88,192 
0.6 99,900 5.00 3.413 68,192 
0.6 99,900 5.00 3.413 68,192 
0.6 99.900 5.00 3.413 68,192 
0.6 99,900 5.00 3.413 68,192 
0.8 99,900 5,00 3,413 68,192 
0.6 99,900 5.00 3.413 66,192 
0.8 99,900 5.00 3,413 68,192 

Calcu~tscl 
~uhRqected, 

Ct~edc 
(Btuh) 

168,092 
168,0S2 
168,092 
168,092 
147,634 
147,634 
147,634 
147.634 
147,634 
147,634 
147,634 
147,634 
147,634 
147,634 
147,634 
147,634 
147,634 
147,634 

Load Factor 
(unltloas) 

1.00 
1,00 
1.00 
1.00 
0.70 
0.70 
0,70 
0.70 
0,70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 

kWh= 
kWh= 

C.ompn~or 
Energy Use 

(kWh) 
(kWh) 

2O 
160 

1,059 
3,177 
4,014 
5,091 
6,392 
8,126 
9.888 
11,245 
13,496 
15,385 
15,357 
12,615 
9,524 
5,552 
2,224 
448 

123,772 
19.98 

Application 
128,288 

19.9 
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LT#2, Measure #2 

Condenser Capacity 1,150.000 Btuh Btuh Capacity 
ice Cream Condensing Circuits 3 circuits 34,848 
LT#1 C..o~ldet'~sing Circuits 7 circuits 51,313 
LT#2 Condensing Circuits 5 circuits 58,081 
MT#1 Condensing Circuits 23 circuits 267,172 
MT#2 Condensing Circuits 25 circuits 302,020 
AC Condensing Circuits 35 circuits 406,566 
Total Circuits 99 1,150,000 

Bin Coincident Re~rlgeraUon 
Temperature Wet-Bulb Hour per bin .Case Load 

(OF) (oF) (hours) (Btuh) 
113 74 1.0 87,100 
108 72 8.0 87,100 
103 70 53.0 87,100 
98 68 159.0 87,100 
93 66 287.0 87,100 
88 66 364.0 87,100 
83 63 457.0 87,100 
78 61 581.0 87,100 
73 59 707.0 87,100 
58 56 804.0 87,100 
63 53 965.0 87,100 
58 50 1100.0 87,100 
53 47 1098,0 87,100 
48 43 902.0 87,100 
43 40 681.0 87,100 
38 36 397.0 87,100 
33 32 159.0 87,100 
28 27 32.0 87,100 

Application 
Factor 

(unltless) 

Calculated Equivalent Compmseor 
Application Btuh rejected CCompmssor Converldorl Btuh rejected 

Factor, Check for calm Load Effidenc% EER Constant due ~ work 
(unlttess) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.4 87.100 5.00 3.413 59,464 
0.4 87,100 5.00 3.413 59,454 
0.4 87,100 5.00 3.413 59,454 
0.4 87.100 5.00 3.413 59,454 
0.4 87,100 5.00 3.413 59.454 
0.4 87,100 5.00 3.413 59,454 
0.4 87,100 5.00 3.413 59,454 
0.4 87,100 5.00 3.413 58,454 
0.4 87,100 5.00 3.413 59,464 
0.4 87,100 5.00 3.413 59,454 
0.4 57,100 5.00 3.413 59,454 
0.4 87,100 5.00 3.413 59,454 
0.4 87,100 5.00 3.413 59,454 
0.4 87,100 5.00 3.413 59,454 
0.4 87,100 5.00 3.413 59,454 
0.4 87.100 5.00 3.413 59,454 
0.4 87,100 5.00 3.413 59,454 
0.4 87,100 5.00 3.413 59.454 

Cak::ulated 
Btuh Re~,cted, 

(Btuh) 
146,554 
146,554 
146,554 
146.554 
146.554 
130,502 
130,502 
130,502 
130,502 
130,502 
130,502 
130,502 
130,502 
130,502 
130,502 
130,502 
130,502 
130,502 

Load Factor 
(unitleu) 

1,00 
1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 

kWh= 
kWh= 

CorrlpflNmor 
Energy Use 

(kWh) 
(kWh) 

17 
139 
923 

2,770 
5,000 
4,829 
5,811 
7,388 
8,991 
10.224 
12,272 
13,988 
13,963 
11,470 
8,660 
5,048 
2,022 
407 

113,723 
17.42 

Application 
113.282 

17,4 
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MT#I, Measure I2 

Co¢~dec~ser Capacity 1,150,000 Btuh Btuh C&pe.ct~ 
Ice Cream ,Conde~lstng Circuits 3 circuits 34.848 
LT#I Condensing Circuits 7 circuits 81,313 
LT#2 Condensing Circuits 5 circuits 58,051 
MT#I Condensing Circuits 23 circuits 267,172 
MT#2 Condensing Circuits 26 circuits 302,020 
AC Condensing Circuits 35 circuits 406,566 
Total Circuits 99 1,150,000 

Bin Coincident Refrigeration 
Temperature Wet-Bulb Hour per bin Case Load 

(OF) (°F) (houri) (Btuh) 
113 74 1.0 198,450 
108 72 8.0 198,450 
103 70 53.0 198,450 
98 68 159.0 196,450 
93 66 287.0 196,450 
88 56 364.0 198,450 
83 63 457,0 198,450 
78 61 581.0 198,450 
73 59 707.0 198,450 
68 56 804.0 198,450 
63 53 965.0 198,450 
58 50 1100.0 198.450 
53 47 1098.0 195,450 
48 43 902.0 198,450 
43 40 691.0 195,450 
38 36 397.0 198,450 
33 32 159.0 198,450 
28 27 32.0 t98.450 

Application 
Fsctor 

(unitless) 

Calculated Eo~JNalent Compreuo¢ 
AppllcaUon Btuh rejected Compressor Conversion B~h rejected 

Factor, Check ~r case Load Efficiency, EER Constant due ~ wodc 
(uniUess) (Btuh) (Btu/Watt-hr) (Btu/Watl-hr) (Btuh) 

1.0 198,450 8.77 3.413 77,230 
1.0 198,450 8.96 3.413 75,593 
1.0 198,450 9.05 3.413 74,841 
1.0 196,450 9.10 3.413 74,430 
~.1 196,450 9.15 3,413 74,023 
1.1 198,450 9.20 3.413 73,621 
1.1 198,450 9.25 3.413 73,223 
1.1 198,450 9.34 3,413 72,517 
1.1 198,450 9.39 3.413 72.131 
1.1 198,450 9.49 3.413 71,371 
1.1 198.450 9,54 3.413 70,g97 
1.1 198,450 9.92 3.413 65,277 
1.1 198,450 10.30 3.413 66,758 
1.1 198.450 11.07 3.413 61,164 
1.1 198,450 12.07 3.413 56,115 
1+1 198,450 12.07 3.413 56.115 
1.1 198,450 12.07 3.413 56,118 
1.1 198,450 12,07 3,413 56,115 

Calcu~tsd 
Btuh Rejected, 

Ct~eck 
(Btuh) 

275,550 
274,043 
273,291 
272,880 
252,487 
252.193 
251,903 
251,387 
251.105 
260,551 
250.278 
248.292 
246,454 
243.115 
239,414 
239.414 
239,414 
239,414 

Load Factor 
(unltloss) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Compnmor 
Enemy Um 

(kWh) 
(kWh) 

23 
177 

1,162 
3,467 
4,544 
5,732 
7,157 
9,012 
10,908 
12,273 
14,654 
16,064 
15,443 
11,804 
8.174 
4,765 
1,905 
384 

127,651 
22.63 

Application 
127,637 

22.6 
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MT#2, Measure #2 

Cor~enser Capacity 1,150,000 Btuh Btuh Capacity 
Ice Cream Co¢~ensklg Circuits 3 circuit= 34,848 
LT#1 CondenMng Circuits 7 circuit= 81,313 
LT#2 Condemdng Circuits 5 circuits 58,081 
MT81 Condensing Circuits 23 circuits 267,172 
MT#2 Condensing Circuits 26 circuits 302,020 
AC CondefisJng Circuits 35 circuits 408,566 
Total Circuits 99 1,150,000 

Bin Coincident 
Temperature Wet-Bulb Hour per ~n 

(o~ (o~ (hour=) 
113 74 1.0 
108 72 8.0 
103 70 53,0 
98 68 159.0 
93 66 287.0 
88 66 364.0 
83 63 457.0 
78 61 581.0 
73 59 707,0 
68 56 804.0 
63 53 965.0 
58 50 1100.0 
53 47 1098,0 
48 43 902.0 
43 40 691,0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

RelrlgeraUon 
Case Load 

(Btuh) 
239 000 
239 000 
239 000 
239 000 
239 000 
239 O00 
239 000 
239 000 
239 000 
239 000 
239 000 
239 000 
239 000 
239 000 
239 000 
239 000 
239 000 
239 000 

Application 
Factor 

(unities=) 

Calculated Equ~ent Compre==ot 
AgpUceUon Btuh rejected Compreuor Convendon Btuh rejected 

FaVor, Check ~r cale Load Elfk~mcy, EER Conl~nt due to wink 
(unlUe==) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.9 239,000 9.96 3,413 81,898 
0.9 239,000 10,20 3,413 79,971 
0.9 239,000 10.31 3.413 79,118 
1.0 239,000 10,43 3,413 78.208 
1.0 239,000 10.57 3.413 77,172 
1.0 239,000 10.70 3,413 76,234 
1.0 239,000 10.98 3.413 74,290 
1,0 239,000 11.12 3.413 73.355 
1.0 239,000 11.26 3.413 72.443 
1.0 239,000 11.53 3,413 70,746 
1.0 239,000 11.81 3.413 69.069 
1.0 239,000 11.97 3.413 66,146 
1.1 239,000 12.30 3.413 66,318 
1.1 239,000 12.96 3.413 62,940 
1.1 239,000 14.06 3.413 57,934 
1.1 239.000 14.08 3,413 57,934 
1.1 239,000 14.08 3.413 57,934 
1.1 239,000 14.08 3,413 57,934 

CaJcu~ted 
Btuh Rejected, 

Check 
(etuh) 

320,898 
318,971 
318,118 
317,208 
295,335 
294.651 
293,232 
292,549 
291,663 
290,645 
289.421 
288,747 
287,412 
284,946 
281,292 
281.292 
281,292 
261,292 

Load Factor 
(unities=) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

CO~IINN~Or 
Energy Use 

(kWh) 
(kWh) 

24 
187 

1,220 
3,6.43 
4.737 
5,935 
7,262 
9,116 
10.955 
12,166 
14,256 
16,033 
15,575 
12,143 
8.438 
4,919 
1,970 
397 

128,985 
24.00 

Application 
128,992 

24 
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AC, Measure #2 

Condenser Capacity 1,150,000 Btuh Btuh Capacity 
Ice Cream Condensing Circuits 3 circuits 34,848 
LT#1 Condensing Circuits 7 circuits 81,313 
LT#2 CorKlemdng Circuits 5 circuits 58,081 
MT#I Condensing Circuits 23 circuits 267,172 
MT#2 Condensing Circuits 26 circuits 302,020 
AC Condensing Circuits 35 circuits 406,566 
Total Circuits 99 1,150,000 

Bin Coincident 
Temperature Wet-Bulb Hour per bin 

(°F) (°F) (hours) 
113 74 1,0 
108 72 6.0 
103 70 53.0 
98 68 169.0 
93 66 267.0 
88 66 364.0 
83 63 457,0 
78 61 581.0 
73 59 707.0 
68 56 804.0 
63 53 965.0 
58 50 1100.0 
53 47 1098.0 
48 43 902.0 
43 40 661.0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

AC Load 
(tons) 
30.00 
30.00 
30.47 
25.78 
21.09 
16.41 
11.72 
7.03 
2.34 

AC Load 
(Btuh) 

360,000 
360,000 
365,640 
309,360 
253,080 
196,920 
140,640 
64,360 
28,080 

Equlv=ent Compre~or 
~uhrejected Compressor Conversion ~uhrejecled 

f~  AC Effidency, EER CoNitant duetowo~ 
(Btuh) (Btu/Wett-hr) (Btu/Watt-hr) (Btuh) 

360,000 18.33 3,413 87,031 
360,000 18.96 3.413 54,804 
386,640 20.15 3,413 81,932 
309,360 22.78 3.413 48,350 
253,080 26.19 3,413 32,981 
196,920 31.01 3.413 21,673 
140,640 38,09 3,413 12,602 
84,350 40.12 3.413 7,176 
28,080 23,66 3.413 4,051 

Ca/culated 
Btuh 

R~ected, 
Check 
(Btuh) 

427,031 
424,804 
427,572 
355,710 
286,061 
216,593 
153,242 
91,536 
32,131 

Load Factor 
(unities8) 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1,00 

kWh= 
kWh= 

Compre~or 
Energy Use 

(kWh) 
(kWh) 

2O 
152 
962 

2,159 
2,773 
2,311 
1,687 
1,222 
839 

12,125 
19.64 

ApplicaUon 
8,754 

20 
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Condenser, Measure #2 

Condenser Capacity 1,150,000 
Ice Cream Condensing Circuits 3 
LT#1 Condensing Circuits 7 
LT#2 Condensing Circuits 5 
MT#1 Condensing Circuits 23 
MT#2 Condensing Circuits 26 
AC Condensing Circuits 35 
Total Circuits 9 9 

Btuh 
circuits 
circuits 
circuits 
circuits 
circuits 
circuits 

Btuh Capacity 
34,848 
81,313 
58,081 

267,172 
302,020 
406,566 

1,150,000 

Bin Coincident AC Heat 
Temperature Wet-Bulb Hour per bin Rejection 

(°F) (°F) (hours) (Btuh) 
113 74 1.0 427,031 
108 72 8.0 424,804 
103 70 53.0 427,572 
98 68 159.0 355,710 
93 66 287.0 286,061 
88 66 364.0 218,593 
83 63 457.0 153,242 
78 61 581.0 91,536 
73 59 707.0 32,131 
68 56 804.0 0 
63 53 965.0 0 
58 50 1100.0 0 
53 47 1098.0 0 
48 43 902.0 0 
43 40 681.0 0 
38 36 397.0 0 
33 32 159.0 0 
28 27 32.0 0 

Refrigeration 
Heat 

Rejection 
(Btuh) 

834,317 
830,752 
829,147 
827,826 
756 909 
755 931 
754 222 
753 024 
752 076 
750 283 
748 785 
746,126 
742,952 
737,148 
729,793 
729,793 
729,793 
729,793 

Condenser 
Load Factor 

(unitless) 

Calculated 
Condenser 

Load Factor, 
Check 

(unitless) 
0.9 
0.9 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.5 
1.5 
1.5 
1.5 
1.6 
1.6 
1.6 
1,6  
1 .6  

Total Heat 
Rejection 

(Btuh) 
1,261,348 
1,255,556 
1,256,719 
1,183,535 
1,042,970 
974,524 
907,463 
844,560 
784,207 
750,283 
748,785 
746 126 
742 952 
737 148 
729 793 
729 793 
729 793 
729 793 

Total Heat 
Rejection 
from the 

Application 
(MBtuh) 
1 407 
1 402 
1 352 
1 280 
1 210 
1 142 
1 075 
1 012 
966 
963 
961 
957 
953 
945 
935 
935 
935 
935 

Total Heat 
Rejection 
from the 

Application 
(Btuh) 

1,407,000 
1,402,000 
1,352,000 
1,280,000 
1,210,000 
1,142,000 
1,075,000 
1,012,000 
966 000 
963 000 
961 000 
957 000 
953 000 
945 000 
935 000 
935 000 
935 000 
935 000 

Total Rejected 16,155,348 19,365 19,365,000 
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Ice Cream, Measure #1 

Co~derzser Capadty 1,150,000 Btuh 
ice Cream C, ondensJng Circuits 3 circuits 
LT#1 CondlmsJng Circuits 7 circuits 
LT#2 Condensing Circuits 5 circuits 
MT#I Condensing Ctmults 23 circuits 
MT#2 Co~lde~stng Circuits 26 circuits 
AC Condensing Circuits 35 circuits 
Total Circuits 99 

Btuh Capacl~ 
34,848 
81,313 
58,061 

267,172 
302,020 
406,566 

1,150,000 

Bn Coinddent 
Temperature Wet-Bulb Hour per ~n 

(°~ {°~ (hours) 
113 74 1.0 
108 72 8.0 
103 70 53.0 
98 68 159.0 
93 66 287.0 
88 66 364,0 
83 63 457.0 
78 61 561,0 
73 59 707.0 
68 56 804.0 
63 53 965,0 
58 50 1100.0 
53 47 1098.0 
46 43 902.0 
43 40 661,0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

RCdgereUon 
Case Load 

(Btuh) 
39,300 
39,300 
39,300 
39,300 
39,300 
39,300 
39,300 
39,300 
39,300 
39,300 
39,300 
39,300 
39,300 
39,300 
39,300 
39,300 
39,300 
39,300 

Application 
Factor 

(unitless) 

Calcul~eo EquWalent Compcimo¢ 
ApplioaUon Buh rejected Compressor C o ~ l o n  Btuh rqix::lid 

Factor, Check for case Load Elfldency, EER C,~'~stant due ffi work 
(unltless) (6tuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0,5 39,300 4.42 3.413 30.346 
0.5 39,300 4.42 3.413 30,346 
0.5 39,300 4.42 3.413 30,346 
0.5 39,300 4.42 3,413 30.346 
0.6 39.300 4.42 3.413 30,346 
0.6 39,300 4.42 3.413 30.346 
0.6 39,300 4.42 3.413 30,346 
0,6 39,300 4,42 3.413 30,346 
0.6 39,300 4.42 3.413 30,346 
0.6 39.300 4.42 3.413 30,346 
0.5 39,300 4.42 3,413 30.346 
0.6 39,300 4.42 3.413 30,346 
0.6 39,300 4.42 3.413 30,346 
0.6 39,300 4.42 3.413 30,346 
0.6 39.300 4.42 3.413 30,346 
0.6 39,300 4.42 3.413 30,346 
0.6 39,300 4.42 3.413 30,346 
0.6 39,300 4.42 3.413 30,346 

C,~CUlaI4KI 
P, ei~cted, 

(Btuh) 
69,646 
69,646 
69.646 
69,646 
6t.463 
61,453 
61,453 
61,463 
61,453 
61,453 
61,453 
61,453 
61,453 
61,453 
61,453 
61,453 
61,453 
61,453 

Load Factor 
(unitless) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

CompflNlaor 
Energy Use 

(kWh) 
(kWh) 

9 
71 

471 
1,414 
1.663 
2,363 
2,966 
3,771 
4,589 
5,219 
6,264 
7,140 
7,127 
5,855 
4.420 
2,577 
1,032 
208 

57,357 
3.89 

Application 
57,364 

8,9 
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LT#1, Measure #I 

Condenser Capacity 1,150,000 Btuh Btuh Capacity 
Ice Cream Condensing Circuits 3 circuits 34,848 
LT#1 Condensing Circuits 7 circuits 81,313 
LT#2 Condensing Circuits 5 circuits 58,081 
MT#1 Condimsing Circuits 23 circuits 267,172 
MT#2 CondeNsing Circuits 26 cJrculis 302,020 
AC Condensing Circuits 35 circuits 406,566 
Total Circuits 99 1,150,000 

~n Coincident R~rlgemtion 
Temge~ture Wet-Bulb Hour ger ~n .caseLoad 

(°F) (°~ (hours) (Btuh) 
113 74 1.0 99,900 
108 72 a.o 99,900 
103 70 53.0 99,900 
88 68 159.0 99,900 
93 56 287.0 99,900 
85 66 364.0 99.900 
53 63 457.0 99,900 
78 61 581.0 99,900 
73 59 707.0 99,900 
68 56 804.0 99,900 
63 53 965.0 99,900 
58 50 1100.0 99,900 
53 47 1098.0 99,900 
48 43 902,0 99.900 
43 40 681.0 99,900 
38 38 397.0 99,900 
33 32 159.0 99,900 
28 27 32.0 99,900 

Application 
Factor 

(unitlsss) 

Calculated Equlvale¢lt Estimated Comprel~ 
Application Btuh rejected Compressor Corwendon Btub rejected 

Factor, CChec~ for case Load Effickmcy, EER Constant due to work 
(unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.5 99,900 5.00 3.413 68,192 
0.5 99,900 5.00 3,413 68,192 
0.5 99,900 5.00 3.413 68,192 
0.5 99,900 5.00 3.413 68,192 
0.6 99,900 5.00 3.413 58,192 
0,6 99,900 5.00 3.413 68,192 
0.6 99,900 5.00 3.413 68,192 
0.6 99,900 5.00 3,413 68,192 
0.6 99,900 5.00 3,413 68.192 
0.6 99,900 5.00 3.413 68,192 
0.5 99,900 5.00 3.413 68,192 
0.8 99,900 5.00 3.413 68,192 
0.6 99,900 5.00 3.413 68,192 
0.8 99,900 5.00 3.413 68,192 
0.6 99.900 5.00 3.413 68,192 
0.6 99,900 5.00 3.413 68,192 
0.6 99,900 5.00 3.413 88,192 
0.6 99,900 5.00 3.413 68,192 

Calculated 
Btuh P, ejecte~, 

Check 
(Btuh) 

168,092 
168.092 
168,092 
168.092 
147,634 
147,634 
147,634 
147,634 
t 47.634 
147,634 
147,634 
147,634 
147,634 
147,634 
147.634 
147.634 
147,634 
147,634 

Load Factor 
(unitless) 

1.00 
1.00 
1.00 
1.00 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 

kWh= 
kWh= 

Compressor 
Energy Use 

(kWh) 
(kWh) 

2O 
160 

1,059 
3,177 
4.014 
5,091 
6,392 
8,126 
9,888 
11,245 
13,496 
15,365 
15,357 
12,616 
9.524 
5,552 
2,224 
448 

123,772 
19.98 

Application 
128,387 

19.9 
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LT#2, Measure #1 

Condenser CapacJly 1,150.000 Btuh Btuh CapacJty 
Ice Cream Condensing Circuits 3 circuits 34,848 
LT#1 Condensing Circuits 7 circuits 81,313 
LT#2 Condensing Circuits 5 circuits 58,081 
MT#I Co~ldensing Circuits 23 circuits 267,172 
MT#2 Cor~densing Circuits 26 circuits 302,020 
AC Condensing Circuits 35 circuits 406,566 
Total Circuits 99 1,150,000 

Bin Coincident 
Temperature Wet-Bulb Hour per 101n ~ Load 

CaJculated Equivalent Coml:xemr 
Refrigeration AppllcaUon AppllcaUoo Btuh rejected Compressor CC.onvenl~on Btuh rejected 

Factor Facto¢, Check for calm load Efficiency, E.ER Conltont due to wock 
(°~ (°~ (hour=) (Btuh) 
113 74 1.0 87,100 
108 72 8.0 87,100 
103 70 53.0 87,100 
98 68 159.0 57,100 
93 86 287.0 87,100 
88 66 364,0 87,100 
83 63 457.0 87,100 
78 61 581.0 87,100 
73 59 707.0 87,100 
68 56 804.0 87,100 
63 53 965.0 87,100 
58 50 1100.0 87,100 
53 47 1098.0 87,100 
48 43 902.0 87,100 
43 40 681.0 87,100 
38 36 397.0 87,100 
33 32 159.0 87,100 
28 27 32.0 87,100 

(unltloss) (unltless) 
0,0 
0,4 
0.4 
0,4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
04 
0.4 

(Btuh) (etu/Watt-hr) (Bt.u/Watt-hr) (Btuh) 
87,100 5,00 3.413 59,454 
87,100 5.00 3.413 59,454 
87,100 5.00 3.413 59.454 
97.100 5.00 3.413 59,454 
87,100 5.00 3.413 59.454 
57,100 5.00 3.413 59,454 
87,100 5.00 3.413 59,454 
87,100 5+00 3+413 59,454 
87.100 5.00 3.413 59,454 
87,100 5.00 3.413 59.454 
87,100 5.00 3.413 59,454 
57,100 5.00 3.413 59,454 
87,100 5.00 3.413 59.454 
87,100 5.00 3.413 59,454 
87,100 5.00 3.413 59.454 
87,100 5.00 3,413 59,454 
87,100 5.00 3.413 59,454 
87,'~00 5.00 3.413 59.454 

C, alcu~tod Co~'essor 
Btuh Rejected, Energy U-~ 

Check Load Fa=or (kWh) 
(Btuh) (unlUou) (kWh) 

146,554 1.00 17 
146,554 1.00 139 
146,554 1.00 923 
145,554 1.00 2.770 
146,554 1.00 5,000 
130,502 0.73 4,629 
130,502 0.73 5,811 
130,502 0.73 7,388 
130,502 0.73 8.991 
130,502 0.73 10,224 
130,502 0.73 12,272 
130,502 0.73 13,988 
130,502 0.73 13,963 
130,502 0.73 11,470 
130,502 0.73 8,660 
130,502 0.73 5,048 
130,502 0.73 2,022 
130,502 0.73 407 

kWh= 113,723 = 
kWh= 17.42 = 

Application 
113,282 

17.4 
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MT#1, Measure #1 

,Con~mlmr CaLpacJty 1,150.000 Btuh Btuh Capacity 
Ice Cream Cowden~ng Cimuits 3 circuits 34.848 
LT#1 Condemdng Clrcultl 7 circuits 81,313 
LT#2 Condensing Clrc~ts 5 circuits 58,081 
MT#I Condensing Circuit# 23 circuits 267,172 
MT#2 CorKkmsing Circuits 26 circuits 302,020 
AC Coq~densing Circuits 35 circuits 408,566 
Total Clrculls 99 1,150,000 

Bin Coincident R~rlge~Uo~l 
Tempe~tum W~-Bulb Hour per ~n CDe 

~ ( '~ (houra) (Btuh) 
113 74 1.0 198,450 
108 72 5.0 198.450 
103 70 53.0 198,450 
98 68 159,0 195,450 
93 66 287.0 198,450 
88 66 364.0 198,450 
83 63 457.0 198,450 
78 61 581.0 195,450 
73 59 707.0 198,450 
68 56 804.0 198.450 
63 53 965.0 198,450 
58 50 1100.0 198,450 
53 47 1098.0 195,450 
48 43 902.0 198,450 
43 40 681.0 198,450 
38 36 397:0 198,450 
33 32 159.0 198,450 
28 27 32.0 198,450 

Application 
Factor 

(unltless) 

CaJcu=ted Equ~sient Compressor 
AppUcaSoN Btuh ~Jected Comp~or  Conversiotl Btuh ~.lected 

Facto¢, ~ ~r case Load Efficiency, EER Consent due to work 
(unltloss) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1.0 198,450 8.58 3,413 78,941 
1.0 198,450 8.55 3.413 78,941 
1.0 198,450 8.58 3,413 78,941 
1.0 195.450 8.58 3,413 78,941 
1.0 198,450 8.58 3.413 78,941 
1.0 198,450 8.55 3.413 78,941 
1.0 198,450 8.58 3.413 78,941 
1,0 198,450 8.58 3.413 78,941 
1.0 198.450 8.58 3.413 78,941 
1.0 198,450 8.58 3.413 75,941 
1.0 198.450 8.58 3.413 78,941 
1.0 198,450 5.56 3,413 78,941 
1.0 198,450 8.58 3,413 78,941 
1.0 198,450 8.58 3.413 78,94~ 
1.0 198,450 8.58 3.413 78,941 
1.0 198,450 8.58 3.413 78,941 
1.0 195,450 8.58 3.413 78,941 
1.0 198,450 8.58 3,413 78,941 

CCsiculated 
Btuh Rejected, 

Check 
(Btuh) 

277,391 
277,391 
277,391 
277,381 
277,391 
258 077 
256 077 
286 077 
256 077 
256 077 
256 077 
256 077 
256 077 
256 077 
256 077 
256 077 
258 077 
256 077 

Load Factor 
(unitiess) 

1.00 
1.00 
1.00 
1.00 
1.00 
0,73 
0.73 
0.73 
0~73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Compressor 
Energy U~ 

(kWh) 
(kWh) 

23 
185 

1,226 
3,678 
6,638 
6,146 
7,716 
9,810 
11,937 
13,575 
16,293 
18,573 
15,539 
15,230 
11,498 
6,703 
2,685 
540 

150.996 
23.13 

Application 
149,258 

23.1 
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MT#2, Measure #I 

CorK~er~er Capacity 1,150,000 Btuh Btuh Capacity 
Ice Cream ConOenslng ClrouJ~ 3 circuits 34,848 
LT#1 Condensing Circuits 7 circuits 81,313 
LT#2 C, ondensing Clrcul|s 5 circuits 58,081 
MT#1 Condensing Circuits 23 circuits 267,172 
MT#2 Condensing Cimu~ 26 circuits 302,020 
AC Condensing Circuits 35 circuits 406,566 
Total Circuits 99 1,150,000 

Bin C~ncident 
Temperature Wet-Bulb Hour per bin 

(°~ (°~ (hours) 
113 74 1.0 
108 72 8.0 
103 70 53.0 
98 68 159,0 
93 66 287.0 
88 66 364.0 
83 63 457.0 
78 61 581.0 
73 59 707,0 
65 58 804.0 
63 53 965.0 
58 50 1100.0 
53 47 1098,0 
48 43 902.0 
43 40 681.0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

R~rigeration 
CaNLoad 

(Btuh) 
239 000 
239 000 
239 000 
239 000 
239 000 
239 000 
239 000 
239 000 
239 000 
239000 
239000 
239 000 
239 000 
239 000 
239 000 
239 000 
239 000 
239 000 

Application 
Factor 

(unitless) 

C=oulated Equ~Jent Compressor 
Appticatlon Btuh rejected Compressor Convention ~uh mjects¢l 

FaVor, Check ~r case Load Effk~ettcy, EER Consent due ~ work 
(unltless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.9 239,000 9.85 3,413 82,813 
0.9 239,000 9,85 3.413 82,813 
0.9 239,000 9.85 3,413 82,813 
0.9 239.000 9.85 3.413 82,813 
0.9 239,000 9.85 3.413 82,813 
1.0 239.000 9,85 3.413 82,813 
1.0 239,000 9.85 3.413 82,813 
1.0 239,000 9.85 3.413 82,813 
1.0 239,000 9.85 3.413 82,813 
1.0 239,000 9.55 3.413 82,813 
1.0 239.000 9.85 3,413 82,813 
1,0 239,000 9,85 3.413 82,813 
1.0 239,000 9.85 3.413 82,813 
1.0 239,000 9.85 3.413 82,813 
1.0 239,000 9.85 3.413 82,813 
1.0 239,000 9.85 3.413 82,813 
1.0 239,000 9.85 3.413 82,813 
1.0 239,000 9.65 3.413 82.813 

CaJculate¢l 
Btuh Rejected, 

Check 
(Btuh) 

321,813 
321,813 
321,813 
321,813 
321,813 
299,453 
299,453 
299,453 
299,453 
299,453 
299,453 
299,453 
299,453 
299,453 
299,453 
299,453 
299,453 
299,453 

Load Factor 
(unitless) 

1.00 
1.00 
1.0O 
1.00 
1.00 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Cotnpre~sor 
Energy Use 

(kWh) 
(kWh) 

24 
194 

1,288 
3,858 
6,964 
6,447 
8,095 
10,291 
12,523 
14,241 
17.093 
19,484 
19,449 
15.977 
12,062 
7,032 
2,816 
567 

158.403 
24.26 

Application 
156,540 

24.3 
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AC, Measure #1 

Condenser Capacity 1,150,000 Btuh Btuh Capacity 
Ice Cream Condensing Cimuits 3 circuits 34,848 
LT#1 Condensing Circuits 7 circuits 81,313 
LT#2 Condensing Circuits 5 circuits 58,081 
MT#1 Condensing Circuits 23 circuits 267,172 
MT#2 Condensing Circuits 26 circuits 302,020 
AC Cortdensing Circuits 35 circuits 406.566 
Total Circuits 99 1,150,000 

Bin Coinddlmt 
Temperature Wet-Bulb Hour per bin 

(°F) (°F) (hours) 
113 74 1.0 
108 72 8.0 
103 70 53.0 
98 68 159.0 
93 66 287.0 
88 66 364.0 
83 63 457.0 
78 61 581.0 
73 59 707.0 
68 56 804.0 
63 53 965,0 
58 50 1100.0 
53 47 1098.0 
48 43 902.0 
43 40 681.0 
38 36 397.0 
33 32 159.0 
28 27 32,0 

Equiv~ent Comprmor 
BWh rejlcted Compressor Conversion Btuh rejected 

AC Load AC Load ~r  AC Efficiency, EER Consta~ due to won 
(tons) (Btuh) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 
30.00 360,000 360,000 17.69 3.413 69,456 
30.00 360,000 360,000 17.69 3.413 69,456 
30.47 365,640 365,640 17.88 3.413 70,544 
25.78 309,360 309,360 17.69 3,413 59,566 
21,09 253,080 253,080 17,69 3.413 48,828 
16.41 196,920 196,920 17.69 3.413 37,993 
11.72 140,640 140,840 17.89 3.413 27,134 
7.03 64,360 84,360 17.69 3,413 16,276 
2,34 28,080 28,080 17.69 3.413 5,418 

Calculated 
Btuh 

Rejected, 
Ctleck 
(Btuh) 

429,456 
429,456 
436,184 
368,046 
301,908 
234,913 
167,774 
100,636 
33,498 

Load Factor 
(unlUess) 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

Cornpr~isor 
Energy Use 

(kWh) 
(kWh) 

2O 
163 

1,095 
2,781 
4,106 
4,052 
3,633 
2,771 
1,122 

kWh= 19,743 
kWh= 20.35 

Application 
19,748 

21 

Notes 
The application assumes a lower AC load in the post-meesure #2 retrofit condition. 
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Condenser, Measure #1 

Condenser Capacity 1,150,000 Btuh 
Ice Cream Condensing Circuits 3 circuits 
LT#1 Condensing Cimuits 7 circuits 
LT#2 Condensing Circuits 5 circuits 
MT#1 Condensing Circuits 23 circuits 
MT#2 Condensing Circuits 26 circuits 
AC Condensing Circuits 35 circuits 
Total Circuits 99 

Btuh Capacity 
34,848 
81,313 
58,081 

267,172 
302,020 
406,566 

1,150,000 

Bin Coincident AC Heat 
Temperature Wet-Bulb Hour per bin Rejection 

(°F) (°F) (hours) (Btuh) 
113 74 1.0 429,456 
108 72 8.0 429,456 
103 70 53.0 436,184 
98 68 159.0 369,046 
93 66 287.0 301,908 
88 66 364.0 234,913 
63 63 457.0 167,774 
76 61 581.0 100,636 
73 59 707.0 33,498 
66 56 804.0 0 
63 53 965.0 0 
56 5O 1100.0 0 
53 47 1098.0 0 
48 43 902.0 0 
43 40 681.0 0 
38 36 397.0 0 
33 32 159.0 0 
28 27 32.0 0 

RefrigamUon 
Heat R~ectlon 

(Btuh) 
836,942 
836,942 
836,942 
836,942 
808,290 
764,617 
764,617 
764.617 
764,617 
764,617 
764,617 
764,617 
764,617 
764,617 
764,617 
764,617 
764,617 
764,617 

Condenser 
Load Factor 
(unitless) 

Calculated 
Condenser 

Load Factor, 
Check 

(unitless) 
0.9 
0.9 
0.9 
1.0 
1.0 
1.2 
1.2 
1.3 
1.4 
1.5 
1.5 
1.5 
1.5 
1.5 
1,5 
1.5 
1.5 
1.5 

Total Rejected 

Total Heat 
RUe=ion 

(Btuh) 
1,266,398 
1,266,396 
1,273,126 
1,205.988 
1,110,198 
999,530 
932,391 
865,253 
798,115 
764,617 
764,617 
764,617 
764,617 
764,617 
764,617 
764,617 
764,617 
764,617 

16,598,949 

ToLl Heat To~l Heat 
R~ection from Rejection from 

• e the 
Application Application 

(MBtuh) (Btub) 
1,330 1,330,000 
1,412 1,412,000 
1.419 1.419.000 
1,352 1.352,000 
1,285 1.285.000 
1.218 1,218,000 
1.151 1.151.000 
1.083 1.083,000 
1.016 1.016,000 
983 983,000 
983 983,000 
983 983.OO0 
983 983.000 
983 983,000 
983 983,000 
983 983,000 
983 983,000 
983 983,000 

20,113 20,113,000 Heat rejection differences are significant 
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Measure #2 Summary of Findings 

Measure # Measure # 
Pre-Retrofit Post-Retrofit D e m a n d  Pre-Retrofit Post-Retrofit Energy 

Evaluation Compressor Savings D e m a n d  Demand Savings Energy Energy Savings 
Ice Cream Condensing Circuits 8.89 8.89 0.00 57,357 57,357 0 
LT#1 Condensing Circuits 19.98 19.98 0.00 123,772 123,772 0 
LT#2 Condensing Circuits 17.42 17.42 0.00 113,723 113,723 0 
M'T#1 Condensing Circuits 23.13 22.63 0.50 150,996 127,651 23,344 
MT#2 Condensing Circuits 24.26 24.00 0.27 158,403 128,985 29,417 
AC Condensing Circuits 20.35 19.64 0.71 19,743 12.125 7.618 
Total 1.48 kW 60,379 

Total Refer w/Compressor 102.09 613,255 
kWh 

Measure # " Measure # 
Pre-Retrofit Post-Retrofit D e m a n d  Pre-Retrofit Post-Retrofit Energy 

Applicetion Compressor Savings D e m a n d  Demand Savings Energy Energy Savings 
Ice Cream Condensing Circuits 8.90 8.90 0.00 57,364 57,364 0 
LT#1 Condensing Circuits 19.90 19.90 0.00 128,387 128,288 99 
LT#2 Condensing Circuits 17.40 17.40 0.00 113.282 113,282 0 
MT#1 Condensing Circuits 23.10 22.60 0.50 149,258 127,637 21,621 
MT#2 Condensing Circuits 24.30 24.00 0.30 156,540 128,992 27,548 
AC Condensing Circuits 21.00 20.00 1.00 19,748 8,754 10,994 
Total 1.80 kW 60,262 

Dark Green font is an estimate because this level of detail was missing from the application. 

kWh 

Measure 
Energy 

Difference in Savings per 
Pre- Post- Condenser Condenser 

Measure # Measure # Condenser Condenser Heat Heat 
Pre-Retrofit Post-Retrofit D e m a n d  Pre-Retrofit Post-Retrofit E n e r g y  Rejection Rejection Rejection Rejection 

Applicaton Condenser Analysis D e m a n d  Demand Savings Energy Energy Savings (kWh) (Btuh) (Btuh) (Btuh) (kWh/Btuh) 
Condenser Fan Use 11.00 11.00 0.00 28,049 74,038 -45,989 20,113,000 19,365,000 748,000 -0.06 

Measure 
Enmgy 

Difference in Savings per 
Pre- Pos t -  Condenser Condenser 

Condenser Condenser Heat Heat 
Rejection Re jec t ion  Re jec t ion  Rejection 

Evaluation Condenser Analysis (Btuh) (Btuh) (Btuh) (kWh/Btuh) Post-Energy 
Condenser Fen Use 16,598,949 16,155,348 443,602 -27,274 61,767 

Rnal Results for Measure #2 Energy Impact I 
Source Demand Impact 

Evaluation t .48 33,105 
Application 1.80 14~273 

Post Demand 
9.17680473 

0.00382329 5.6804E-07 
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Ice Cream, Measure #2 

Condeftser Capacity 1,500,000 Btuh 
Ice Cream Co¢lde~ng Circuits 2 circuits 
LT#I Condensing Circuits 3 circuits 
LT#2 Condensing Clmuits 4 circuits 
MT#1 Condensing Clrouits 10 circuits 
MT#2 Condensing Circuits 12 circuits 
AC Condensing Circuits 18 circuits 
Total Circuits 49 

Bmh C~oaOty 
61,224 
91,837 

122,449 
308.122 
367,347 
551,020 

1,500,000 

Bin Coincident 
Temperature Wet-Bulb Hour per bin 

('F) (°F) (hours) 
113 74 1.0 
108 72 8,0 
103 70 53,0 
98 65 159.0 
93 66 287.0 
68 66 364.0 
83 63 457.0 
78 61 561.0 
73 59 707.0 
65 56 504.0 
63 53 965.0 
58 50 1100.0 
53 47 1096.0 
48 43 902.0 
43 40 681.0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

Re|dgeraUon 
Case Load 

(Btuh) 
24,600 
24,800 
24,800 
24,600 
24,600 
24,600 
24,600 
24,800 
24,800 
24,800 
24.600 
24,600 
24,600 
24,600 
24,800 
24,800 
24.800 
24,500 

Application 
Factor 

(unitless) 
1.4 
1.5 
1.5 
1.5 
1,5 
1.5 
1.5 
1.5 
1.5 
1,6 
1.6 
1.6 
1.6 
1.6 
1.5 
1.6 
1~6 
1.6 

CCalou~ted Equivalent Compressor 
AppllcaSon Btuh r~ectsd Comwe~.sor Cotwer~on Btuh rqected 

Faci~, Check for case Load Efficiency, EER Constant due ~ won 
(unltlsss) (Btuh) (Btu/Wstt-hr) (Btu/Watt-hr) (Btuh) 

1.5 24,800 5.08 3.413 16,662 
1.5 24,800 5.11 3.413 16,564 
1.5 24,800 5.13 3,413 16,499 
1.5 24,600 5.15 3,413 t5.435 
1.7 24,600 5.36 3.413 15,791 
1.8 24,800 5.47 3,413 15,474 
1.8 24,800 5.68 3.413 14,902 
1.5 24,800 5.76 3.413 14,644 
1.8 24,800 6.00 3,413 14,107 
1.5 24,800 6.28 3.413 13,478 
1.8 24,800 6,35 3.413 13,330 
1.8 24,600 6.50 3.413 t3,022 
1.9 24.600 6.72 3,413 12,596 
t.9 24,800 6.94 3.413 12.196 
1.9 24,600 6.94 3.413 12,196 
1.9 24,800 6.94 3,413 12,196 
1.9 24,800 6.94 3.413 12,196 
1.9 24,600 6.94 3.413 12,106 

Ca JouSted 
Btuh Rqecied, 

Ctteck 
(Btuh) 
41,462 
41,364 
41,299 
41,235 
35,064 
34,558 
34,486 
34,319 
33,970 
33.561 
33,464 
33,264 
32.987 
32,728 
32.726 
32,728 
32,726 
32.726 

Load Factor 
(unitless) 

1.00 
1.00 
1.00 
1.00 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0,65 
0.65 
0.65 

kWh= 
kWh= 

Con'~oraBsor 
E n e r g y ~  

(kWh) 
(kWh) 

5 
39 
256 
766 
663 

1,073 
1,297 
1,520 
1,899 
2,054 
2,450 
2,728 
2,634 
2,095 
1,582 
922 
369 
74 

22.735 
458 

Application 
22,736 

4.9 
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LT#1, Measure#2 

Con(Sensor Capacity 1,500,OOO Btuh Btuh Capacity 
Ice Cream Condemdng Circuits 2 circuits 61,224 
LT#1 Conden=lng Circuits 3 circuits 91,837 
LT~I2 C, mdensin 9 Circuits 4 circuits 122,449 
MT#1 Condens~n 9 Circuits 10 circuits 306,122 
MT#2 Condensing Ctrcz,dts 12 circuits 387,347 
AC Co~nslng Circuits 18 circuits 551,020 
Total Circuits 49 1,500,000 

Bin Coin~denl RetdgeraUon Application 
Temperature Wet-Bulb Hour per ~n C4tse Load FeMur 

~ (=F) (hours) (8tuh) (unltless) 
113 74 1,0 50,660 1.1 
108 72 8,0 50,850 1.1 
103 70 53.0 50,850 1.1 
96 68 159.o 50,850 1.1 
93 68 297.0 50,850 1.1 
88 66 364.0 50,850 1.1 
83 63 457.0 50,850 1.1 
78 61 581.0 50,850 1.2 
73 59 707.0 50,850 1.2 
68 56 804.0 50.850 1.2 
63 53 g65.0 50,850 1.2 
58 50 1100.0 50,850 1.2 
53 47 1096.0 50,860 1.2 
48 43 902.0 50,650 1.2 
43 40 681.0 50,850 1.2 
38 36 397.0 50,850 1.2 
33 32 159.0 50,550 1.2 
26 27 32.0 50,850 1.2 

Calculated EquNalent Compre~mr 
App,caOon Btuh mJectecl Compressor Convention Btuh rejected 

Factor, Check for case Load Effk~ency, EER Constant due ~ wodc 
(unitlese) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1,1 50,850 5.70 3.413 3.0,446 
1.1 50,850 5.90 3.413 29,415 
1.1 50,850 5.90 3.413 29.415 
1.1 50.850 5.90 3.413 29,415 
1.3 50,850 6.10 3,413 28.451 
1.3 50,850 6.10 3.413 28,451 
1.3 50,850 8.30 3.413 27,846 
1.3 50,850 6.30 3.413 27,548 
1.3 50.850 8.40 3.413 27,117 
1.3 50,850 6.60 3.413 26.296 
1.3 50,850 6.70 3.413 25,903 
1.3 50,850 6.90 3.413 25,152 
1.4 50,850 7.10 3.413 24,444 
1.4 50.850 7.50 3.413 23,140 
1.4 50,850 8,00 3.413 21.694 
1.4 50.850 8,00 3.413 21,694 
1.4 50,650 8.00 3,413 21,694 
1.4 50,850 8.00 3.413 21,694 

CCakaJ~KI 
Btuh RejectS, 

Ched¢ 
(Btuh) 
81.296 
80,265 
80,265 
80.265 
70,766 
70.766 
70,133 
70,133 
69.832 
69,257 
68,982 
68,457 
67,961 
67.046 
68,036 
66.036 
66,036 
66,036 

Load Factor 
(unitlos=) 

%00 
1.00 
1.00 
1.00 
0.70 
0,70 
0.70 
0,70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 

kWh= 
kWh= 

ComprlHIsor 
Energy Use 

(kWh) 
(kWh) 

9 
69 

457 
1.370 
1,675 
2,124 
2,582 
3,283 
3.932 
4,336 
5,127 
5,675 
5,505 
4,281 
3,030 
1.766 
707 
142 

46.070 
8.92 

AppltcaUon 
42,933 

8.9 
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LT#2, Measure #2 

Condemmr Capacity 1.500,000 Btuh Btuh Capacity 
Ice Cream Condenldng Circuits 2 circuits 51,224 
LT#1 Condensing Circuits 3 circuits 91,837 
LT#2 Condensing Circuits 4 circuits 122,449 
MT#I Condensdng Circuits 10 circuits 306,122 
MT#2 Condensing Circuits 12 circuits 367,347 
AC Condensdng Circuits 18 circuits 551,020 
Total Circuits 49 1,500,000 

Cotnct0er, t R~rtgeraUon App,cat~n 
Tempe~ture Wet-Bulb Hour per ~n Came Load Favor 

('F) (°~ (hours) (Btuh) (unitless) 
113 74 1.0 82,750 0.9 
105 72 8,0 82,750 0.9 
103 70 53.0 82,750 0.9 
98 68 159.0 82,750 0.9 
93 66 287.0 82,750 0.9 
88 66 364.0 82,750 0.9 
83 63 457,0 82,750 0.9 
75 51 581.0 82,750 0.9 
73 59 707.0 52,750 0.9 
68 55 804.0 82,750 0.9 
63 53 965.0 82,750 0.9 
58 50 1100.0 82,750 0.9 
53 47 1096,0 82.750 1.0 
48 43 902.0 82,750 1.0 
43 40 681.0 82,750 1.0 
38 35 397.0 92,750 1.0 
33 32 159.0 82,750 1.0 
28 27 32.0 82,750 1.0 

Calcu~ted Equ~al~t ComlXoaso¢ 
Appgcat~on Btuh rejected ComprEm~or Conversion Btuh rejected 

Facto,r, Check for case Load Efficiency. EER Consent due ~ 'mxk 
(unltloss) (Btuh) (Btu#Watt-hr) (Btu/Wstt-hr) (Btuh) 

0,9 82,750 5.30 3.413 53,288 
0.9 82,750 5.50 3,413 51,350 
0.9 82,750 5.50 3.413 51,350 
0.9 82,750 5.50 3,413 51,350 
11 82,750 5.60 3.413 50,433 
1.1 82,750 5.70 3.413 49,548 
1.1 82.750 5.50 3.413 46,594 
1.1 82,750 5.90 3,413 47,869 

~ 82,750 ~.00 3.413 47,071 
1.1 82,750 6.10 3.413 46,299 
1.1 82,750 5.20 3.413 45,553 
1.1 82,750 6.30 3,413 44,829 
1~1 82,750 6.50 3.413 43,450 
1.1 82.750 6.80 3,413 41,533 
1.1 52,750 7,30 3,413 38,688 
1.1 82,750 7.30 3.413 36,658 
~.1 82,750 7.30 3.4t3 38,688 
1.1 82,750 7.30 3,413 36,688 

CC~J~zd 
BIuI~ RejectS, 

Check 
(Btuh) 

136,036 
134,100 
134,100 
134,100 
115,532 
114,956 
114,401 
113,865 
113,346 
112,645 
112,359 
111,859 
110,993 
109,747 
107,897 
107,897 
107,897 
107,897 

Load Factor 
(unitless) 

1.00 
1.00 
1.00 
1.00 
0.65 
0.65 
0.65 
0.55 
0.65 
0.65 
0.65 
0.65 
0.65 
0.55 
0.65 
0,65 
0.65 
0.65 

kWh= 
kWh= 

CComp~or 
Energy Uue 

(kWh) 
(kWh) 

16 
120 
797 

2,392 
2.757 
3,435 
4,238 
5,297 
5.338 
7,089 
8,372 
9,391 
9,086 
7,135 
5,018 
2,925 
1,172 
236 

75.813 
15.51 

Application 
77,227 

15.5 
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MT#I, Mea~Jra #2 

Cotldertser C.lzpac~ty 1,500,000 Btuh Bluh Capacity 
Ice Craem Condensing Circuits 2 circuits 61,224 
LT#1 Condensing Circuit= 3 circuits 91,837 
LT#2 Condensing Circuits 4 circuits 122,449 
MT#I Condensing Circuits 10 circuits 306,122 
MT#2 Condensing Circuits 12 circuits 367,347 
AC Condensing Circuits 18 circuits 551,020 
Total Circuits 49 1,500,000 

Calculated Equivalent Compressor 
Bin Coincident RefrlgecaUon Application Appllcaiton Btuh rejected Compressor Conversion Btuh rejected 

Temperature Wet-Bulb Hour per bin Caw load Factor Factor, Check for case Load Efficiency, EER Constant due to wod( 
( °F ) (°~ (hours) (Btuh) (unttless) 
113 74 1.0 247,645 0.9 
108 72 8.0 247,645 0,9 
103 70 53.0 247,645 0.9 
98 68 159.0 247,645 0.9 
93 66 287.0 247,645 0.9 
88 66 364,0 247,645 0.9 
83 63 457.0 247,645 0.9 
78 61 551.0 247,645 0.9 
73 59 707.0 247,645 0.9 
66 56 804.0 247,645 0.9 
63 53 965.0 247,645 0.9 
58 50 1100.0 247,645 0.9 
53 47 1098.0 247,545 0,9 
48 43 902.0 247,645 0,9 
43 40 681,0 247,645 0.9 
36 36 397,0 247,645 0.9 
33 32 159.0 247,645 0.9 
28 27 32.0 247,645 0.9 

(unltless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 
0.9 247,645 8.48 3.413 99.671 
0.9 247,645 8.67 3,413 97,487 
0,9 247,645 8.77 3,413 96,375 
0,9 247,645 8.86 3.413 95.396 
1,0 247,645 8.96 3.413 94,332 
1.0 247,645 9.05 3,413 93.394 
1.0 247,645 9.10 3,413 92,880 
1,0 247,645 9.20 3.413 91,871 
1.0 247,645 9.25 3,413 91,374 
1.0 247,645 9.34 3,413 90,494 
1.0 247,645 9.39 3.413 90,012 
1.0 247,646 9.44 3.413 69,636 
1.0 247,545 9.49 3,413 69,063 
1.0 247,545 10.30 3,413 82.059 
1,0 247,645 11.45 3.413 73,818 
1.0 247,645 11,45 3.413 73,816 
1.0 247,645 11.45 3.413 73,816 
1,0 247,645 11.45 3.413 73,818 

Calculated Compressor 
Btub Rejected, Energy Use 

Oteck Load Facior (kWh) 
(Btuh) (unitless) (kWh) 

347,316 1.00 29 
345,132 1.00 229 
344,020 1.00 1,497 
343,041 1.00 4,444 
308,961 0.65 5.156 
306,351 0.65 6,474 
308,017 0.65 8,084 
307,361 0.65 10,166 
307,038 0.65 12,303 
306,466 0.65 13,856 
306.153 0.65 16,543 
306,643 0.65 18,757 
305,536 0.65 16,624 
300.954 0.65 14,097 
295,626 0.65 9.574 
295.626 0.65 5,581 
295,626 0.65 2,235 
295,626 0.65 450 

kWh= 148.099 = 
kWh= 29.20 = 

Application 
148,073 

29.2 
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MT#2, Measure #2 

Condenser Capa.~ 1,500,000 Btuh 
Ice Cream CCon, densing Circuits 2 circuits 
LT#I Condensing Circuits 3 clrcults 
LT#2 Condensing Circuits 4 circuits 
MT#I Condensing Circuits 10 circuits 
MT#2 Condensing Clmults 12 circuits 
AC Condensing Circuits 18 circuits 
Total Circuits 49 

Btuh Capaci~ 
61,224 
91,637 
122,449 
306,122 
367,347 
551,020 

1,500,000 

Bin Coincident 
Temperature Wet-Bulb Hour per bin 

(=F) (°F) (hours) 
113 74 1.0 
108 72 8.0 
103 70 53.0 
98 68 159.0 
93 66 267.0 
88 66 364.0 
83 63 457.0 
78 61 561.0 
73 59 707.0 
68 56 804.0 
63 53 965.0 
58 50 1100.0 
53 47 1098.0 
48 43 902.0 
43 40 661.0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

RCrlgemUen 
CMeLoed 

(Btuh) 
290,600 
290,600 
290,600 
290,600 
290,600 
290,600 
290,600 
290,600 
290,600 
290,600 
290,600 
290,600 
290,600 
290,600 
290,600 
290,600 
290,600 
290,600 

A.ppUcaffon 
Factor 

(unltless) 
0.9 
0,9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
1.0 
1.0 
1.0 
1.0 
1,0 
1,0 
1.0 
1.0 
1.0 
1.0 

C, aloulated Equ~alent 
ARoUcaUon Btuh rejected Comlxessor 

Factcx, C ~ ¢  forcueLoed Ef6dencv, EER 
(unltless] (Btuh) 

0.9 29O 600 
0.9 290 600 
0.9 290 600 
0.9 290 600 
1.0 290 600 
1.0 290 600 
1.0 290 600 
1.1 290 600 
1.1 290 600 
1.1 290 600 
1.1 290 600 
1.1 290 600 
1.1 290 600 
1.1 290 600 
1.1 290 600 
1.1 290 600 
1.1 290 600 
1.1 290 600 

Comprse~x 
Conversk:~'~ Btuh rejected 
Consent due ~ work 

(Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 
9.96 " 3.413 99,580 
10.20 3.413 97,237 
10.31 3,413 96,200 
10.31 3.413 98,200 
10.57 3.413 93,833 
10.70 3.413 92,693 
10.84 3.413 91,496 
11.12 3.413 89,192 
11.26 3.413 88,083 
11.53 3.413 86,021 
11.67 3.413 84,999 
11.97 3.413 82,859 
12.30 3.413 80.636 
12.96 3.413 76.529 
13.67 3.413 71,508 
13.87 3.413 71,508 
13.87 3.413 71,508 
13.87 3.413 71,508 

CaJculated 
BbJh ReJectix:l, 

Check 
(Btuh) 

390180 
387837 
386 800 
386800 
351,592 
350851 
35¢,072 
348,575 
347854 
345 513 
345 843 
344 455 
:343 013 
340 344 
337,080 
337,060 
337080 
337080 

Load Flmtor 
(unltless) 

1.00 
1.00 
1.00 
1.00 
0,65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 

kWh= 
kWh= 

,C,O/l~¢mor 
Energy Use 

(kWh) 
(kWh) 

29 
228 

1,494 
4,492 
5.129 
6,426 
7,963 
9,869 
11,860 
13,172 
15.619 
17,358 
16,862 
13,147 
9,274 
5,407 
2,165 
436 

140.919 
29.18 

Application 
140,914 

29.2 
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AC, Measum#2 

Condenser Capacity 1,500,000 Btuh Btuh Capacity 
Ice Cream Condensing Circuits 2 circuits 61,224 
LT#I Condensing Circuits 3 circuits 91,837 
LT#2 Condensing Circuits 4 circuits 122,449 
MT#I Condensing Circuits 10 circuits 306,t 22 
MT#2 Condensing Circuits t 2 circuits 367,347 
AC Condensing Circuits 18 circuits 55 t .020 
Total Circuits 49 1,500,000 

Equiv~o~ 
Bn Coindde~ ~uh r~ected 

Temperature Wet-B~b Hour per ~n AC Load AC Load for AC 
( ° r  (°F) (hours) (tons) (Btuh) (Btuh) 
113 74 1,0 40.00 480,000 480,000 
108 72 8.0 40.00 480,000 480,000 
103 70 53.0 40.63 487,560 487,560 
98 68 159.0 34.38 412,580 412,560 
93 68 287,0 28.13 337,560 337,560 
88 66 364.0 21,88 262,560 262,560 
83 63 457,0 15.63 187,560 187,560 
78 61 581.0 9.38 112,560 112,560 
73 59 707.0 3.13 37,560 37,560 
68 56 804.0 
63 53 965.0 
58 50 1100.0 
53 47 1088.0 
48 43 902.0 
43 40 681.0 
38 36 397.0 
33 32 159,0 
28 27 32.0 

Compressor 
Compressor Convemion Btuh r~ected 

Efficiency, EER Constant due ~ won 
(Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

16.37 3.413 100,076 
17.20 3.413 95,247 
18.20 3.413 91,431 
20+02 3.413 70,333 
23.15 3.413 49,766 
27.19 3,413 32,958 
33.00 3.413 19,398 
35.91 3.413 10,698 
35,91 3.413 3,570 

C~culated 
Buh 

A~ecteO, 
Check 
(Btuh) 

580,076 
575,247 
578,991 
482,893 
387,326 
295,518 
206,958 
123,258 
44,700 

Load Factor 
(unitless) 

1.00 
1.00 
1.00 
1,00 
1.00 
1.00 
1.00 
1.00 
2.00 

kWh= 
kWh= 

Compre6sor 
E r ~ y  Use 

(kWh) 
(kWh) 

29 
223 

1,420 
3,277 
4,185 
3,515 
2,597 
1,821 
1,479 

18,546 
29.32 

Application 
13,472 

29 
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Condenser, Measure #2 

Condenser Capacity 1,600,000 Btuh 
Ice Cream Condensing Circuits 2 circuits 
LT#1 Condensing Circuits 3 circuits 
LT#2 Condensing Circuits 4 circuits 
MT#1 Condensing Clrcuits 1 0 circuits 
MT#2 Condensing Circuits 12 circuits 
AC Condensing Circuits 1 8 circuits 
Total Circuits 49 

BtuhCapaclty 
61,224 
91,837 

122,449 
306,122 
367,347 
551,020 

1,500,000 

Bin Coincident AC Heat 
Temperature Wet-Bulb Hour per bin Rejection 

(°~ (°F) (hours) (Btuh) 
113 74 1.0 580,076 
108 72 8.0 575,247 
103 70 53.0 578,991 
98 68 159.0 482,893 
93 66 267.0 387,326 
88 66 364.0 295,518 
83 63 457.0 206,958 
78 61 581.0 123,258 
73 59 707.0 44,700 
68 56 804.0 0 
63 53 965.0 0 
58 50 1100.0 0 
63 47 1098.0 0 
48 43 902.0 0 
43 40 681.0 0 
38 36 397.0 0 
33 32 159.0 0 
28 27 32.0 0 

RefflgeraUon 
HeM Rejection 

(Btuh) 
860 256 
854 599 
852 385 
851 342 
766 382 
764 825 
762 709 
760 388 
758 694 
755 797 
754 442 
752 022 
749 497 
741 103 
731 470 
731 470 
731 470 
731 470 

Condenser 
Load Factor 

(unitless) 
1.0 
1.0 
1.0 
1.1 
1.1 
1.2 
1.3 
1,5 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1,6 
1.6 
1.6 

Calculated 
Condenser 

Load Factor, 
Check 

(unitless) 
1.0 
1.0 
1.0 
1.1 
1.3 
1.4 
1.5 
1.7 
1.9 
2.0 
2.0 
2.0 
2.0 
2.0 
2.1 
2.1 
2.1 
2.1 

Total Rejected 

Total Heat 
Rejection 

(Btuh) 
1,440,332 
1.429,845 
1,431,376 
1,334,235 
1,153,70g 
1,060 343 
969 668 
883 646 
803 394 
755 797 
754 442 
752 022 
749 497 
741103 
731.470 
731,470 
731,470 
731,470 

17,185,288 

Total Heat Total Heat 
Rejection from Rejection from 

the the 
Application Appilc~lon 

(MBtuh) (Btuh) 
1,575 1,575,000 
1,565 1,565,000 
1,501 1,501,000 
1,405 1,405,000 
1,305 1,305,000 
1,210 1,210,000 
1,120 1,120,000 
1,031 1,031,000 
964 964,000 
959 959,000 
35~ 956,000 
951 951,000 
946 946,000 
932 932,000 
915 915,000 
915 915,000 
915 915,000 
915 915,000 

20,080 20,080,000 Heat rejection differences are significant 
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Ice Cream, Measure #1 

Condenser Capadty 1.500.000 Btuh Btuh Capacity 
Ice Cream Conden=ng C4rcutts 2 circuits 61.224 
LT#1 Condensing Circuits 3 circuits 91,837 
LT#2 Condensing Clrcuits 4 clrcults 122,449 
MT#I Condensing Circuits 1 0 circuits 306.122 
MT#2 Condensing Circuits 1 2 circuits 387,347 
AC Condensing Circuits 1 8 circuits 551.020 
Total Circuits 49 1,500,000 

Bn Coincident Refrlgeragon Application 
Tempamtum WetBulb Hour per ~n Cue Lcad FaVor 

~F~ (=~ (hours) (Btuh) (uniUess) 
113 74 1.0 24,800 1.4 
108 72 8.0 24,800 1.4 
103 70 53.0 24,800 1.4 
g8 68 159.0 24,800 1.4 
g3 66 287.0 24,800 1.4 
88 66 364.0 24,600 1.4 
83 63 457.0 24,800 1.4 
78 61 581.0 24,800 1.4 
73 59 707.0 24.800 1.4 
68 56 804.0 24,800 1.4 
63 53 985.0 24,800 1.4 
58 50 1100.0 24,800 1.4 
53 47 1098.0 24,800 1.4 
48 43 902.0 24,800 1.4 
43 40 681.0 24,800 1.4 
38 36 397.0 24,800 1.4 
33 32 159.0 24,800 1.4 
28 27 32.0 24,800 1.4 

Calculated EquNalent Comprlsesor 
ARNica,on Btuh rejected Gompreuor Convemlen Bluh rejected 

Factor. Ct~eck ~r case Load Effidency. EER Consent due to work 
(unltleas) (Btuh) (Btu/Watt-hr) (Btu/Wstt-hr} (Bluh) 

1.5 24,800 5.04 3.413 18,794 
1.5 24,800 5.06 3.413 18,728 
1.5 24,800 5.06 3.413 16.728 
1.5 24,800 5.06 3.413 18,728 
1.5 24,800 5.06 3.413 16,728 
1.7 24,800 5.06 3.413 15.728 
1.7 24.800 5.06 3,413 18,728 
1.7 24,800 5.06 3.413 16,726 
1.7 24,800 5.06 3.413 18.728 
1.7 24,800 5.06 3.413 16,728 
1.7 24,800 5.06 3.413 16,728 
1.7 24,800 5.06 3.413 16,728 
1.7 24.800 5.06 3.413 16.728 
1.7 24,800 5.06 3.413 16.728 
1.7 24.800 5.06 3,413 16,728 
1.7 24,800 5.06 3,413 18.728 
1.7 24,800 5.06 3.413 18,728 
1.7 24,800 5.06 3.413 16,728 

Calculated 
Btuh Rejected. 

Check 
(Btuh) 
41,594 
41,528 
41,528 
41,528 
41.528 
35,673 
35,673 
35,673 
35,673 
35.873 
35,673 
35.873 
35,673 
38,673 
35.673 
35,673 
35,673 
35,673 

Load Factor 
(unltlese) 

1.00 
1.00 
1.00 
1.00 
1,00 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 

kWh= 
kWh= 

Compressor 
Energy Use 

(kWh) 
(kWh) 

5 
39 

260 
779 

t .407 
1,160 
1,455 
1,851 
2,252 
2.581 
3.074 
3.504 
3.498 
2,874 
2,170 
1,265 
5O7 
102 

28,763 
4.92 

Application 
28,272 

4.9 
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LT#I, Measure #1 

Condenser Capacity t ,500,000 Btuh Btuh Capacity 
Ice Creetn Condensing Circuits 2 circuits 6t ,224 
LT#1 Condensing Circuits 3 circuits 91,837 
LT#2 CondenMng Circuits 4 circuits 122,449 
MT#1 Condemdng Circuits 10 circuits 306,122 
MT#2 Condensing Clmu~ts 12 circuits 387,347 
AC Condlenldng Clrcults I 8 circuits 551,020 
Total Circuits 49 1.500,000 

Bn Coincident R~dgeraiton Appncaiton 
Temperature W~-Bulb Hour ~ ~n Cme Load Factor 

~ (°~ (hours) (Btuh) (unltlesa) 
113 74 1,0 50,850 1.1 
105 72 8.0 50,850 1,1 
103 70 53.0 50,850 1.1 
98 68 159.0 50,850 1.1 
93 66 287.0 50,850 1.1 
88 65 384,0 50,850 1.1 
83 63 457.0 50,050 1.1 
78 61 581.0 50,850 1.1 
73 59 707,0 50,850 1.1 
68 58 804.0 50,850 1.1 
53 53 965.0 50,650 1.1 
58 50 1100.0 50,it50 1.1 
53 47 1093,0 50,850 1.1 
48 43 902.0 50,850 1.1 
43 40 681.0 50,850 1.1 
36 38 397.0 50,850 1.1 
33 32 159.0 50,850 1.1 
28 27 32.0 50,850 1.1 

Calculated Equivalent EsUmated Comlxellor 
ApplicaUon Btuh rejected Compressor Conversion Btuh 

Factor, C, hect( for case Load Efficiency, E.ER Constant due ~ work 
(unltloss) (Bluh) {Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1.1 50,650 5.70 3.413 30,445 
1.1 50,550 5.90 3.413 29,415 
1.1 50,850 5.90 3.413 29,415 
1.1 50,850 5.90 3.413 29,415 
1.2 50,850 5.00 3.413 28,925 
1.3 50,550 8.00 3.413 28,925 
1.3 50,850 6.00 3.413 28,925 
1.3 50,850 8.00 3.413 28,925 
1.3 50,850 6,00 3.413 28,925 
1.3 50.850 8.00 3.413 28,925 
1.3 50,850 8.00 3.413 28,925 
1.3 50,850 8.00 3.413 26,925 
1,3 50,860 6.00 3.413 28,925 
1.3 50,650 6,00 3.413 28,925 
1.3 50,850 6.00 3.413 28,925 
1.3 50,850 8.00 3,413 28,925 
1.3 50,050 6.00 3.413 28,925 
1.3 50,850 6.00 3.413 28,925 

C~culated 
Btuh Rqected, 

(Btuh) 
61,296 
80,285 
80,265 
80,265 
79,775 
69,651 
69,651 
89,651 
69,651 
69,651 
69,651 
69,651 
89,651 
69,651 
69,651 
89,651 
69,651 
89,851 

Load Factor 
(unltless) 

1.00 
1.00 
1.00 
1.00 
1.00 
0.65 
0.65 
0.85 
0.65 
0.65 
0.65 
0,85 
0.65 
0.55 
0.65 
0.65 
0,65 
0.65 

kWh= 
kWh= 

Compressor 
Energy Use 

(kWh) 
(kWh) 

9 
69 

457 
1,370 
2,432 
2,005 
2,517 
3,201 
3,895 
4,429 
5,316 
6,060 
6,049 
4,989 
3.751 
2,187 
876 
176 

49,766 
6.92 

Application 
49,002 

8.9 
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LT#2, Measure #1 

Condenser Capacity 1,500,000 Btuh Btuh Capacity 
Ice Cream Co~ldenslng Circuits 2 circuits 61,224 
LT#1 Condensing Circuits 3 circuits 91,837 
LT#2 Condensing Circuits 4 circuits 122,449 
MT#1 Condemdng Circuits 10 circuits 306,122 
MT#2 Condensing Circuits 12 circuits 387,347 
AC Condensing CIrcu~ts 18 circuits 551,020 
Total Circuits 49 1,800,000 

Bin Coincident Refilgeratlon Appltoatlon 
Temperature Wet-Bulb Hour De¢ bin C m  Load Faotor 

~ ~ (houm) (Btuh) (unltleu) 
113 74 1.0 82,750 0.9 
108 72 9.0 82,750 0.9 
103 70 53.0 82,750 0.9 
95 68 159.0 82,750 0,9 
93 65 287.0 82,760 0.9 
88 66 364.0 82,750 0.9 
83 63 457.0 82,750 0.9 
78 81 581.0 82,750 0.9 
73 59 707.0 82,750 0.9 
66 56 804.0 82,750 0.9 
63 53 965.0 82,750 0.9 
58 50 1100.0 82,750 0.9 
53 47 1098.0 82,750 0.9 
48 43 902.0 82,750 0.9 
43 40 651.0 82,750 0.9 
38 36 397.0 82,750 0.9 
33 32 159,0 82,750 0.9 
28 27 32.0 82,750 0.9 

CaJeol=~ S q u ~ ' , t  Comprmor 
Apr~l~uor, Stuh rqeoted Comprmor Cof~ndon Btuh rWeoted 

Factor, Check for oale Load Efficiency, EER Constant due to work 
(unities|) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (8tuh) 

0.0 82.750 5.30 3.413 53,268 
0.9 82,750 5,50 3.413 51,350 
0.9 82,750 5.50 3.413 51.350 
0.9 82.750 5.50 3.413 51,350 
0.9 82,750 5.60 3,413 50,433 
1.1 82,750 5,70 3.413 49,548 
1,1 82,750 6.60 3.413 48,694 
1.1 82,750 5.90 3.413 47,859 
1.1 82.750 6,00 3.413 47,071 
1.1 82,750 6.00 3.413 47.071 
1.1 82,750 5.00 3.413 47,071 
1,1 82,750 6.00 3.413 47,071 
1,1 82,750 5.00 3.413 47,071 
1 .I 82.750 5.00 3.413 47,071 
1.1 82,750 6.00 3.413 47,071 
1.1 82.750 6,00 3.413 47,071 
1,1 82,750 6.00 3.413 47,071 
1.1 82,750 6.00 3.413 47.071 

Calculated 
Btutl Rejected, 

Check 
(Btuh) 

136,038 
134,100 
134,100 
134,100 
133,183 
114,956 
114,401 
113,865 
113,346 
113.346 
113,346 
113,346 

113,346 
113,346 
113,346 
113,346 
113,346 
113,346 

Load FActor 
(unltless) 

1.00 
1.00 
1.00 
1.00 
1.00 
0.65 
0.65 
0.65 
0.65 
0,65 
0.85 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 

kWh= 
kWh= 

Comprmor 
Energy use 

(kWh) 
(kWh) 

16 
120 
787 

2,392 
4,241 
3,435 
4,238 
5,297 
8.335 
7,208 
8,551 
9,861 
9,843 
8.086 
6,105 
3,559 
1,425 
287 

81.899 
15.61 

Application 
51,950 

15.5 
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MT#I, Measure #1 

Condenser Capacity 1,500,000 Btuh Btuh Capacity 
Ice Crqmm Condensing Circuits 2 c|rcuitl 61.224 
LT#1 Condensing Clrcub 3 circuits 91,837 
LT#2 Cond(maing C~rcuits 4 circuits 122,449 
MT#1 Condettsing Circuits 10 circuits 306,122 
MT#2 Condensing Circuits 12 circuits 367,347 
AC CorldenCng Circuits 18 circuits 551,020 
Total Circuits 49 1,500,000 

Bin Coincident 
Temperature Wet-Bulb Hour per bin 

('F) (*F) (houri) 
113 74 1.0 
108 72 8.0 
103 7O 53,0 
98 68 159.0 
93 66 287.0 
88 66 384.0 
83 83 457.0 
78 81 581.0 
73 59 707.0 
68 56 804.0 
63 53 965.0 
58 50 1100.0 
53 47 1098.0 
48 43 902.0 
43 40 681.0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

Refrigeration 
Case Loed 

(Btuh) 
247 845 
247 845 
247 645 
247 645 
247 645 
247 645 
247 545 
247 645 
247 645 
247 645 
247 645 
247 645 
247 645 
247 645 
247 645 
247 645 
247 845 
247 645 

Application 
Factor 

(unltleas) 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
03  
0.9 
0.9 
0.9 
03  
0.9 
0.9 
0.9 

Calculated Eqdvale'~t Compraaaor 
AppllcalJon Btuh mJecled ~ Convendon Bah rejected 

Factor, Check for case Load Efficiency, EER Constant due ~ work 
(unltless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.9 247.645 8.48 3.413 99,871 
0.9 247,645 8.67 3,413 97,487 
0.9 247,645 8.77 3.413 96,375 
0.9 247,645 8.86 3.413 95.396 
1.0 247,645 8.96 3.413 94,332 
1.0 247.645 9.05 3,413 93,394 
1.0 247,645 9.10 3.413 92,880 
1.0 247,645 9.20 3,413 91,871 
1.0 247,645 9.25 3.413 91.374 
1.0 247,645 9.34 3,413 90,494 

. 1+0 247.645 9.39 3.413 90,012 
1.0 247,645 9.44 3,413 89,535 
1.0 247,645 9.49 3.413 89,063 
1.0 247,646 9.54 3,413 88.597 
1.0 247,645 9.54 3.413 88,597 
1.0 247.845 9.54 3.413 88.597 
1.0 247,646 9.54 3.413 88,597 
1.0 247,645 9.54 3.413 88,697 

Calculated 
Btuh Rqected, 

Ct~eck 
(Btuh) 

347,316 
345,132 
344,020 
343,041 
308,961 
308,351 
308,017 
307,361 
307,038 
306,466 
306,153 
305,843 
305,536 
305,233 
305,233 
305,233 
305,233 
305,233 

Load Factor 
(unlt le.) 

1.00 
1.00 
1,00 
1.00 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 

kWh= 
kWh= 

Compfoesor 
Energy Use 

(kWh) 
(kWh) 

29 
229 

1,497 
4,444 
5.158 
6,474 
8.084 
10,166 
12,303 
13,866 
16.543 
18,757 
18,624 
15,220 
11,491 
6,699 
2,663 
540 

152,793 
29.20 

Application 
152,780 

29.2 
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MT#2, Measure#l 

Condens~ Capacity 1,500,000 Btuh 
Ice Cream Condensing Circuits 2 circuits 
LT#I Condensing Circuits 3 circuits 
LT#2 Condensing Circuits 4 circuits 
MT#1 Co¢ldensing Circuits 10 circuits 
MT#2 Condensing Circuits 12 circuits 
AC Condensing Circuits 18 circuits 
Total Circuits 49 

Btuh Capa~ty 
61,224 
91,837 

122,449 
306,122 
367,347 
551,020 

1,500,000 

Bin Coincident 
TemDerature Wet-Bulb Hour per bin 

('F) ('F) (hours) 
113 74 1.0 
108 72 8.0 
103 70 53.0 
98 68 159.0 
93 68 287.0 
86 66 364.0 
53 63 487.0 
78 61 581.0 
73 59 707,0 
68 86 804.0 
63 53 965.0 
58 50 1100.0 
53 47 1098.0 
45 43 902.0 
43 40 681.0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

RefllgeraUon 
C m  Lced 

(Btuh) 
290,600 
290,600 
290,800 
290,600 
290,600 
290,600 
290,600 
290,600 
290,600 
290,600 
290,600 
290.600 
290,600 
290,600 
290,600 
290,600 
290,600 
290,600 

Applloatlon 
Factor 

(unitles$) 
0.9 
0.9 
0,9 
0.9 
0.9 
0.9 
0.9 
0.9 
1~0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

Calculated EquNatsnt C C o m ~  
Appllce~on Btuh rejected Compressor CortverlsiOn Btuh mJectad 

Factor, Check ~r cue  Load Efficiency, EER Constant due ~ wock 
(unBlesa) (Stuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0,9 290.600 9.96 3.4~3 99,580 
0,9 290,600 10.20 3.413 97,237 
0,9 290,600 10.31 3,413 96,200 
0.9 290,600 10.31 3,413 98,200 
1.0 290,600 10.57 3.413 93,833 
1.0 290.600 10.70 3.413 92,693 
1.0 290,600 10.84 3.413 91,496 
1,1 290,600 11.12 3.413 89,192 
1.1 290,600 11.26 3.413 85,083 
1.1 290,600 11.53 3.4t3 86,021 
1.1 290,600 11.57 3.413 84,989 
1.1 290,600 11.81 3.413 83,981 
1.1 290,600 11.81 3+413 83,981 
1.1 290,600 11.81 3.413 83,961 
1.1 290,600 11.81 3.413 83,981 
1.1 290,600 11.81 3.413 83,981 
1.1 290,600 11.81 3.413 83,961 
1.1 290,600 11.81 3.413 83,981 

Calculated 
Btu~ Rejected, 

Check 
(Btuh) 

390,180 
387,837 
386,800 
356,800 
351,592 
350.851 
350,072 
348,575 
347,654 
346,513 
345.843 
345,188 
345,188 
345,188 
348,188 
346.186 
345,188 
345,188 

Load Faclor 
(unltlass) 

1.00 
1 ~00 
1.00 
1,00 
0.85 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.55 
0.65 
0.65 
0.85 
0.65 
0,65 

kWh= 
kWh= 

Compressor 
Energy Use 

(kWh) 
(kWh) 

29 
228 

1,494 
4,482 
5.129 
6,426 
7,963 
9,889 
11,860 
13,172 
15,619 
17,593 
17,561 
14.427 
10,892 
6,350 
2,543 
512 

146.149 
29.18 

Application 
146,177 

29.2 
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AC, Measure #1 

Condenser Capacity 1 ,SOO,000 Btuh Bluh Capacity 
Ice Cmem Condensing ,CImutts 2 circuits 81,224 
LT#I Conden~ng Circuits 3 circuits 91,837 
LT#2 Condefl~dng Circuits 4 circuits 122.449 
MT#1 Condensing Circuits 10 circuits 308,122 
MT#2 CorKkmstng Circuits 12 circuits 367,347 
AC Condensing Circuits 18 circuits 551,020 
Total Circuits 49 1,500,000 

• n C~nddent 
Tempem~m W~-B~b Hour paten 

(°~ ( '~  (hour) 
113 74 1,0 
108 72 8.0 
103 70 53.0 
98 68 159.0 
93 86 287.0 
88 86 364.0 
83 63 457.0 
78 61 581.0 
73 59 707,0 
68 56 804.0 
63 53 965.0 
58 50 1100.0 
53 47 1098.0 
48 43 902.0 
43 40 681.0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

Equivalent Compreesor 
Btuh rejected Compressor Conversion Btuh rejected 

AC Load AC Load f~  AC Effidency, EER Cons'tam due to won 
(tons) (Btuh) (Btuh) (Btu/Waff-hr) (Btu/Watt-hr) (Btuh) 
40.00 480,000 480,000 18.37 3.413 100,076 
40.00 480,000 480,000 16.92 3.413 96,823 
40,63 487,560 487,560 17.20 3,413 96,747 
34.38 412,560 412,560 18.93 3,413 74,383 
28.13 337,560 337,560 19,29 3,413 59,725 
21.88 262,560 262,580 19.29 3.413 46,455 
15.63 187,560 187,560 19.29 3,413 33,185 
9.38 112,560 112,560 19.29 3.413 19,915 
3.13 37,560 37,560 19.29 3.413 6,646 

C=cul=ad 
Bluh 

Rejected, 
Check 
(Btuh) 

580,076 
576,823 
584,307 
486,943 
397,285 
309,015 
220,745 
132,475 
50,851 

Load Factor 
(unitleas) 

1.00 
1.0O 
1.0O 
1.00 
1.00 
1.00 
1.00 
1.00 
2,00 

Compressor 
Energy Use 

(kWh) 
(kWh) 

29 
227 

1,502 
3,465 
5,022 
4,954 
4,443 
3,390 
2,753 

kWh= 25,788 < 
kWh= 29.32 < 

Application 
24,413 

29 

Notes 
The application assumes a lower AC load in the post-meesure #2 retrofit condition. 
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Condenser, Measure #1 

Condenser Capacity 1,500,000 Btuh 
Ice Cream Condensing Circuits 2 circuits 
LT#1 Condensing Circuits 3 circuits 
LT#2 Condensing Circuits 4 circuits 
MT#1 Condensing Circuits 1 0 circuits 
MT#2 Condensing Circuits 12 circuits 
AC Condensing Circuits 18 circuits 
Total Circuits 49 

B~h Capacity 
61,224 
91,837 
122,449 
306,t22 
367,347 
551,020 

1,500,000 

~n Coincident AC Heat 
Temperature Wet-Bulb Hour per bin Rejection 

(o~ (°F) (hours) (Btuh) 
113 74 1.0 580,076 
108 72 8.0 576,823 
103 70 53.0 584,307 
98 68 159.0 486,943 
93 66 287.0 397,285 
88 66 364.0 309,015 
83 63 457.0 220,745 
78 61 581.0 132,475 
73 59 707.0 50,851 
68 56 804.0 0 
63 53 965.0 0 
58 50 1100.0 0 
53 47 1098.0 0 
48 43 902.0 0 
43 40 681.0 0 
38 36 397.0 0 
33 32 159.0 0 
28 27 32.0 0 

RefdgemUon 
Heat R~ectlon 

(Btuh) 
860,388 
854,762 
852,613 
851,634 
781,855 
764,526 
763,4t4 
761,260 
760,217 
758,304 
757,320 
756,355 
756,048 
755,745 
755,745 
756,745 
756,745 
755,745 

Condenser 
Load Factor 
(unltless) 

1.0 
1.0 
1.0 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 

Calculated 
Condenser 

Load Factor, 
Check 

(unitless) 
1.0 
1.0 
1.0 
1.1 
1.3 
1.4 
1.5 
1.7 
1.8 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

Total Rejected 

Total Heat 
R~ection 

(Btuh) 
1,440,464 
1,431,585 
1,436,920 
1,338,577 
1,179,140 
1,073 541 
984 159 
893 736 
811 068 
758 304 
757 320 
756 355 
756 048 
755 745 
755 745 
755 745 
755 745 
755 745 

17,395.942 

Total Heat Total Heat 
Rejection from Rejection from 

the 
Application 

(MBtuh) 
1,575 
1,566 
1,571 
1,472 
1,378 
1,287 
1,196 
1,103 
1,013 
966 
98,4 
963 
962 
962 
962 
962 
962 
962 

the 
Application 

(Btuh) 
1,575,000 
1,566,000 
1,571,000 
1,472,000 
1,378,000 
1,287,000 
1,196,000 
1,103 000 
1,013 000 
966 000 
984 000 
963 000 
962 000 
962 000 
962 000 
962 000 
962 000 
962 000 

20,826 20,826,000 Heat rejection differences are significant 
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Ice Cream, Measure #2 

Condenser Capacity 2,425,000 Btuh 
ice Cream Condensing Circuits 8 circuits 
LT#I CondenMng Circuits 14 circuits 
LT#2 CondenMng Circuits 0 clrcultl 
MT#I Condensing Circuits 35 circuits 
MT#2 Condensing Circuits 24 circuits 
AC Condensing Circuits 18 circuits 
Total Circuits 99 

BtuhCapad~ 
195,960 
342,929 

0 
857.323 
587,879 
440,909 

2,425,000 

Bin Cdnddent 
Tempera~re WaFBulb Hour ~ ~n 

( '~  (°~ (houre) 
113 74 2.0 
108 72 26.0 
103 70 139.0 
98 68 247.0 
93 65 322.0 
88 68 381.0 
83 83 526.0 
78 61 531.0 
73 59 671.0 
68 56 684.0 
63 53 852.0 
58 50 871.0 
53 47 1042.0 
48 43 864.0 
43 40 754.0 
38 36 489.0 
33 32 259.0 
28 27 87.0 

Ref~gefaaon 
C m  Load 

(Btuh) 
103,700 
103,700 
103,700 
103,700 
103,700 
103,700 
103o700 
103,700 
103,700 
103,700 
103,700 
103,700 
103,700 
103,700 
103,700 
103,700 
103,700 
103,700 

.Application 
Factor 

(unltlsea) 
1.1 
1.1 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 

Calculated Equivalent Comprmor 
A.ppllca.aon Btuh rejected Compnmor Colwersion O~h rqecte¢l 

Factor, Check ~r c m  Load Efficiency, EER Cono~nt due ~ wo~ 
(unlUell) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1.1 103,700 5.06 3.413 69,671 
1.1 103.700 5.08 3.413 89.671 
1.1 103,700 5.10 3.413 69,398 
1.1 103.700 5.25 3.413 67,415 
1.3 103,700 5.25 3.413 57,415 
1,3 103,700 5.25 3.413 67,415 
1.3 103.700 6.78 3.413 61.233 
1.3 103,700 5.78 3.413 61,233 
1.3 103.700 5.78 3.413 81,233 
1.3 103,700 5.89 3.413 60,090 
1.4 103,700 6.28 3,413 56,358 
1.4 103,700 6.28 3.413 58,358 
1.4 103,700 6.50 3.413 54.460 
1,4 103,700 7.40 3.413 47.828 
1.4 103,700 7.21 3.413 49,059 
1.4 103,700 7.21 3.413 49,089 
1.4 103.700 7.21 3.413 49.089 
1.4 103,700 7.21 3.413 49,089 

C, alcu~ted 
B1uh Rejocted, 

C~lock 
(Otuh) 

173,371 
173.371 
173,098 
171,115 
152,913 
152,913 
146.400 
148,400 
148.400 
147,565 
144,841 
144,841 
143,449 
138.615 
139,635 
139,535 
139,535 
139,535 

Load Factor 
(unltleas) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Corllprmor 
En~gy Use 

(kWh) 
(kWh) 

41 
572 

2,826 
4,879 
4,643 
5,494 
6,889 
6.955 
8,788 
8,791 
10,270 
10,499 
12,138 
8,736 
7,917 
5,134 
2,719 
913 

108,202 
20.41 

Application 
108.153 

20.4 
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Measure, #2 Summar,/of F~ndlngs 

Measure # Measure # 
Pro-Retrofit Post-Retrofit Demand Pro-Retrofit Post-Retrofit Energy 

Evaluation Compressor Savings D e m a n d  Demand Savings Energy Energy Savings 
Ice Cream Condensing Clroults 4,92 4.88 0.04 28,763 22.736 6.026 
LT#1 Condensing Circuits 8.92 6.92 0.00 49,788 46,070 3,698 
LT#2 Condensing C|rcuits 15.61 15.61 0.00 81,899 75,813 6,088 
MT#1 Condensing Circuits 29.20 29.20 0.00 152,793 148,099 4,695 
M'T#2 Condensing C|rcults 29.18 29.18 0.00 146, '~ 49 140,919 5,229 
AC Condensing Circuits 29.32 29.32 0.00 25,788 18,546 7.241 
Total 0.04 kW 32,975 

Total Refer w/Compressor 101.49 548,749 
kwh 

Measure # Measure # 
Pro-Retrofit Post-Retrofit Demand Pro-Retrofit Post-Retrofit Energy 

Application Compressor Savings Demand  Demand Sav~:ls Energy Energy Savings 
Ice Cream Condensing Circuits 4,90 4.90 0.00 28,272 22,736 5,536 
LT#1 Condensing Clncuits 8.90 6.90 0.00 49,002 42,933 6,069 
LT#2 Condensing Circuits 15.50 15.50 0.00 81,950 77,227 4,723 
MT#1 Condensing Circuits 29.20 29.20 0.00 152,780 148,073 4,707 
MT#2 Condensing Ckcults 29.20 29.20 0.00 146,177 140,914 5,263 
AC Condensing Circuits 29.00 29.00 0,00 24,413 13,472 10,941 
Total 0.00 kW 37,239 

Dark Green font Is an estimate because this level of detail was missing from the application. 

kWh 

Measure 
Energy 

Difference in Savings per 
Pro- Post- Condenser Condenser 

Measure # Measure # Condenser Condenser Heat Heat 
Pro-Retrofit Post-Retrofit Demand Pr~Ratrofit Post-Retrofil E n e r g y  Rejec tk)n  Reject ion Rejec t ion  Rejection 

Appllcaton Condenser Analysis D e m a n d  Demand Savings Energy Energy Savings (kWh) (Btuh) (Btuh) (Btuh) (kWh/Btuh) 
Condenssr Fan Use 16.00 16.00 0.00 127,026 134,501 -7,475 20,826,000 20,080,000 746,000 -0.01 

Measure 
Energy 

Difference in Savings per 
Pro- Pos t -  Condenser Condenser 

Condenser Condenser Heat Heat 
Rejection Reject ion RaJec6on Raiection 

Evaluation Condenser Analysis (Btuh) (Btuh) (Btuh) (kWh/Btuh) Post-Energy 
Condanser Fan Use 17.398,942 17,185,288 210,653 .2,111 115,111 

Final Results for Measure #2 
Source Demand Impact Energy Impact 

Evaluation 0.04 30,8655 
Appl cat on 0,00 29,764 

Post Demand 
13.6934568 

0.00669826 7.9681E-07 
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Ice Cream, Measure #2 

Condenser Capacity 1,764,000 Btuh 
Ice Cretan Condemdn9 CIrctdta 5 circuits 
LT#I Conde/lslng Circuits 7 circuits 
LT#2 Condensing Circuits 2 clmults 
MT#I Condensing Circuits 4 clrcul~ 
MT#2 Condensing CJrctJJ~ 30 circuits 
AC ,Cor~mslng Circuits 32 circuits 
Total Circuits 80 

Btuh Capad~ 
110.250 
154,350 
44.t00 
88,200 

661,500 
705,600 

1,764,000 

Bin Colnctclent 
Tempereture Wet.Bulb Hour [E)ef bin 

('F) ( '~  (hours) 
113 74 1.0 
108 72 8.0 
103 70 53.0 
98 68 159.0 
93 66 267.0 
88 66 364.0 
83 63 457.0 
78 61 581.0 
73 59 707.0 
68 56 804.0 
63 53 966.0 
68 50 1100.0 
53 47 1098.0 
48 43 902.0 
43 40 861.0 
38 36 397.0 
33 32 169.0 
28 27 32.0 

Refrigeration 
C m  Loed 

(Btuh) 
63,400 
63,400 
63,400 
63,400 
63,400 
63,400 
63,400 
63,400 
63,400 
63.400 
63,400 
63,400 
63,400 
63,400 
63,400 
63,400 
83,400 
63,400 

AplNIcatlon 
Factor 

(unlUess) 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1,2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 

Cak::tdated Equh/ttlent Compressor 
Ap~lcatlon Btuh rqected Compressor Conversion B~h rejected 

Factor, Check for case Load Efficiency, EER Consent due ~ won 
(unltless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

6.2 63,400 6.08 3.413 42,595 
6.3 63,400 5.13 3.413 42.180 
6.3 63,400 5.25 3.413 41,216 
6.4 63,400 5.36 3.413 40.370 
7.3 63,400 6.68 3.413 36,096 
7.3 63,400 5.78 3.413 37,437 
7,4 63,400 6.21 3.413 34,844 
7.5 63,400 6.50 3.413 33,290 
7.5 63,400 6.50 3.413 33,290 
7.7 63,400 6.87 3.413 31,497 
7.7 63,400 8.94 3.413 31,179 
7.7 63,400 6.94 3.413 31,179 
7.7 63,400 6.94 3,413 31,179 
7.7 63,400 6.94 3.413 31,179 
7.7 63,400 8.94 3.413 31,179 
7.7 63,400 6.94 3.413 31,179 
7.7 63,400 6.94 3.413 31,179 
7.7 63,400 6.94 3.413 31,179 

Calculated 
Bmh Rejected, 

Check 
(Btuh) 

105,995 
105,580 
104,616 
103.770 
91,210 
90,729 
88,836 
87,702 
87,702 
86,393 
66,161 
86,161 
86.181 
86,161 
86,161 
86,161 
86,161 
86,161 

Load Factor 
(unltless) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Compres.$or 
EnecgyUse 

(kWh) 
(kWh) 

12 
99 

640 
1,881 
2,339 
2,916 
3,406 
4,137 
5,034 
5,416 
6,435 
7,336 
7,322 
6,015 
4,842 
2,848 
1,060 
213 

61,450 
12.48 

Application 
61,447 

12.5 
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LT#I, Measure #2 

Cortdemler CC.apadty 1.76.4,000 Otuh Btuh Capacity 
Ice Crsem Condensing Circuits 5 circuits 110,250 
LT#1 Condensing C.Ircults 7 circ'ults 154,350 
LT.#2 CorKleflslng Ciroufts 2 cfrcults 44,100 
MT#1 Condensing Circuits 4 circuits 88.200 
MT#2 Condensing Circuits 30 circuits 661,500 
AC Condensing C#cults 32 circuits 705,600 
Total Circuits 80 1,764,000 

• n Coincident R~rl,gefaSon Application 
Temperature W~-Bulb Hour per ~n Case Load Factor 

(o~ ~ (hour) (Btuh) (unitless) 
113 74 1.0 86,900 1.2 
108 72 8.0 86,900 1.2 
103 70 53.0 86,900 1.2 
98 68 159.0 86,900 1.2 
93 68 287.0 86.900 1.2 
88 66 364.0 86,900 1.2 
83 63 457.0 86,900 1.2 
78 61 581.0 86,900 1.2 
73 59 707.0 86,900 1.2 
88 56 804.0 86,900 1.2 
63 53 965.0 88,900 1.2 
58 50 1100.0 86,900 1.2 
53 47 1098.0 86,900 1.2 
48 43 902.0 88,000 1.2 
43 40 681.0 88,900 1.2 
38 36 397.0 86,900 1.2 
33 32 159.0 86,900 1.2 
28 27 32.0 86,900 1.2 

Calcu~ted EquNalent Compfmor 
Appaoa8en Btuh rejected Co~orlmor Conven¢oe Btuh reJe¢ed 

Factor, Ctteck for case Load Effidency, EER Constant due ~ ~ ' k  
(unltless) (Btuh) (Btu/Watt-hr) (Btu.,Watt-h r) (Bt~h) 

1.2 86.900 6.70 3.413 44,287 
1.2 86,900 6.90 3.413 42,984 
1.2 06,900 7.20 3.413 41,193 
1.2 86.900 7.30 3.413 40,629 
1.4 68,900 7.60 3,413 39,025 
1.4 86,900 7.70 3.413 38,518 
1.4 88,900 8.00 3.413 37,074 
t.4 86,900 8.50 3.413 34.893 
1.4 86,900 8.40 3.413 38,308 
1.4 86,900 8.70 3.413 34,091 
1.4 86.900 8.70 3.413 34,091 
1.4 86,900 8.70 3,413 34,091 
1.4 86,900 8.70 3.413 34,091 
1.4 66.g00 8.70 3.413 34,091 
1.4 86,900 8.70 3.413 34,091 
1.4 66,900 8.70 3.413 34,091 
1.4 80,900 8.70 3.413 34,09t 
1.4 86,900 8.70 3.413 34,091 

Calculated 
Btuh Rejected. 

Check 
(Btuh) 

131,167 
129,864 
129,093 
127,529 
114,217 
113,863 
112,962 
111326 
111816 
110764 
110764 
110 764 
110 764 
110,764 
110 764 
110 764 
110 764 
110 764 

Load Factor 
(unltless) 

1.00 
1.00 
1.00 
1.00 
0,70 
0.70 
0,70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 

kWh= 
kWh= 

Compressor 
Energy Use 

(kWh) 
(kWh) 

13 
101 
640 

1.893 
2,297 
2.876 
3,475 
4,158 
5,120 
5,822 
6,747 
7,691 
7,677 
6,307 
4,762 
2,776 
1,112 
224 

63.488 
12.97 

Appllcailon 
66,143 

13 
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LT#2, Measure #2 

Condef~eef Cspadty 1,764,000 Btuh 
Joe CnN~m Condensing Circuits 5 circuits 
LT#1 Condensing Circuits 7 circuits 
LT#2 Condensing Circuits 2 circuits 
MT#1 Condlmsing Circuits 4 circuits 
M'T#2 Coqldensing Circuits 30 circuits 
AC Ccctdenldng Circuits 32 circuits 
Total Circuits 80 

Btuh Capacity 
110,250 
154.350 
44,100 
88.200 

681,500 
705,600 

1,764,000 

Bn Cdndd~t 
Temperature Wet-Bulb Hour pet ~n 

~ ~ (hours) 
113 74 1.0 
108 72 8.0 
103 70 53.0 
98 68 159.0 
g3 66 287.0 
88 66 364.0 
83 63 457.0 
78 61 581.0 
73 59 707.0 
68 56 804.0 
63 53 965.0 
58 50 1100.0 
53 47 1098.0 
48 43 902.0 
43 40 681.0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

Refrigeration 
C m  Load 

(Btuh) 
27,300 
27,300 
27,300 
27,300 
27.300 
27,300 
27,300 
27,300 
27,300 
27.300 
27,300 
27,300 
27,300 
27,300 
27,300 
27,300 
27,300 
27.300 

Ap, p~lcatlo~ 
Factor 

(unltless) 
1.0 
1.0 
1,0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1,1 
1.1 
1.1 
t.1 
1.1 
1.1 
1.1 
1.1 
1.1 

caJcu~,w:J Eq,~a~t Compare. 
App6clUon Btuh reJectod Coml~'mmor Conversion BbJh rejected 

Factor, Check for case Load Efficiency, EER Consent due ~ won 
(unltless) (Btuh) (Btu/Watt-hr) (Btu/Walt-hr) (Btuh) 

1.0 27,300 5.90 3,413 15,792 
1.0 27,300 6.20 3.413 15,028 
1.0 27,300 6.20 3.413 15,028 
1.0 27.300 6.20 3.413 15,028 
1.2 27,300 6.30 3.413 14,790 
1.2 27,300 6.50 3.413 14,335 
1.2 27,300 6.50 3.413 14,335 
1.2 27,300 6.60 3.413 14.117 
1.2 27,300 6.80 3.413 13,702 
1.2 27,300 6.90 3.413 13.504 
1.2 27,300 7.00 3.413 13,311 
1.2 27,300 7.20 3.4t3 12,941 
1.2 27,300 7.50 3.413 12,423 
1.2 27,300 7.80 3.413 11,946 
1.2 27,300 8.40 3.413 11.092 
1.2 27.300 8.40 3.4t3 11,092 
1.2 27,300 8.40 3.413 11,092 
1.2 27,300 8.40 3.413 11,092 

Calculated 
Btuh R~octed, 

Check 
(Btuh) 
43,092 
42,328 
42,328 
42.328 
38,096 
37,764 
37,764 
37,606 
37,303 
37,158 
37,017 
36,747 
36,369 
36.020 
35,397 
35.397 
35,397 
35,397 

Load Factor 
{unitless) 

1.00 
1.00 
1.00 
1.00 

0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 

kWh= 
kWh= 

C o m p w  
Energy U u  

(kWh) 
(kWh) 

5 
35 

233 
700 
908 

1,116 
1,401 
1,754 
2,072 
2,322 
2,747 
3,045 
2,918 
2.305 
1,616 
942 
377 
76 

24,572 
4.63 

AppJication 
24,563 

4.6 
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MT#1, Moasum #2 

Condenser Capacity 1,764,000 Btuh Bluh Capacity 
tca Cmtul~ C.~demdn 9 Circuits 5 circuits 110,250 
LT#1 Condensing Circuits 7 circuits 154,350 
LTe2 Condensing Circuits 2 clrcults 44, I O0 
MT#1 Conckmslng Circuits 4 circuits 88,200 
MT~ Con(~melng Circuits 30 circuits 881,500 
AC Condensing CJrcults 32 circuits 705,600 
Total Circuits 80 1,764,000 

Bin Cctncddent Refrlgerntlon Al~bilcatlon 
Temperature Wet-Bulb Hour per bin Case Load Factor 

(°F) (°F) (houra) (Btuh) (unltless) 
113 74 1,0 97,600 1.2 
108 72 8.0 97,600 1,2 
103 70 53.0 97,600 1.2 
98 68 159.0 97,600 1.2 
93 66 287.0 97,600 1.2 
88 66 364.0 97,600 1.2 
83 63 457.0 97,600 1.2 
78 61 581.0 97,600 1.2 
73 59 707.0 97,600 1.2 
68 66 804.0 97,600 1.2 
63 53 965.0 97,600 1.2 
58 50 1100.0 97,600 1.2 
53 47 1098.0 97,600 1.2 
48 43 902.0 97,000 1.2 
43 40 681.0 97,600 1.2 
36 36 397.0 97,600 1.2 
33 32 159.0 97,600 1,2 
28 27 32.0 97,600 1.2 

Calculated Equivalent Compreseor 
App41oaUon Btuh rejected Compressor Conve~on Btuh rojectm:l 

Facto¢, Check for case Load E f f ~ f ,  EER Constant due ~ work 
(unltless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.7 97,600 9.39 3.413 35,475 
0.7 97,600 9,54 3.413 34,917 
0,7 97,600 9.92 3,413 33,580 
0,7 97,600 10.11 3.413 32.946 
0.7 97.800 10.68 3.413 30,617 
0.7 97,600 11.07 3.413 30.091 
0.7 97,600 11.78 3.413 28,326 
0,8 97,600 12.36 3.413 26,907 
0.8 97,600 12.23 3.413 27,237 
0.8 97.500 13.00 3.413 25,624 
0.8 97,600 13.00 3.413 25.624 
0.8 97,600 13.00 3.413 25,624 
0.8 97,600 13.00 3.413 25,624 
0.6 97,800 13.00 3.413 25.624 
0.8 97,800 13.00 3.413 25,624 
0.8 97,600 13.00 3.413 25,624 
0.8 97,600 13.00 3.413 25,624 
0.8 97,600 13,00 3.413 25,624 

Calculated 
Btuh P, ejoct~, 

Chock 
(Btuh) 

133.075 
132,517 
131,100 
130,548 
119,950 
119,567 
118,278 
117,242 
117,483 
116,305 
116,305 
116,305 
116,305 
116,305 
116,306 
116.305 
118,305 
116,305 

Load Factor 
(unitless) 

1.00 
1.00 
1,00 
1.00 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Compressor 
FEnengy Use 

(kWh) 
(kWh) 

10 
62 

521 
1.535 
1.679 
2,343 
2,769 
3,344 
4,119 
4.406 
5,289 
6,029 
6,018 
4,944 
3,732 
2,176 
871 
175 

50,242 
10.39 

Application 
26,964 

5.6 
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MT#2, Measure #2 

Condqmser Capaclly 1,784,000 Btuh Btuh Capadty 
Ice Cream Cond~mslng Circuits 5 circuits 110,250 
LT#I Co~tdensin9 Circuits 7 circuits 154,350 
LT#2 CCorldenslng Ciroults 2 circuits 44,100 
MT#I Condensing Cimub 4 circuits 88,200 
MT#2 Conden~dng Circuits 30 circuits 661,500 
AC Coodenldng CIrcuits 32 circuits 705,600 
Total Clrcults 80 1,764,000 

Bin Coincident R~dgeratlon Application 
Temperature Wet-Bulb Hour ~ ~n Case Load Factor 

(°F) (°~ (hours) (Btuh) (unltlels) 
113 74 1.0 454,700 1.3 
108 72 8.0 454,700 1.3 
103 70 53.0 454,700 1.3 
98 68 159.0 454,700 1.3 
93 66 287.0 454,700 1.3 
88 66 364.0 454,700 1.3 
83 63 457.0 454,700 1.3 
78 61 581.0 454,700 1.3 
73 59 707.0 454,700 1.3 
68 56 804.0 454,700 1.3 
83 53 965.0 454,700 1.3 
58 50 1100,0 454,700 1.3 
53 47 1098.0 454,700 1.3 
48 43 902.0 454,700 1.3 
43 40 681.0 454,700 1.3 
38 36 397.0 454,700 1.3 
33 32 159.0 454,700 1.3 
28 27 32.0 454,700 1.3 

Calculated EquNelent Compressor 
Appllcet~n Btuh rejected Comprmor ConverCon Btuh rejected 

Facto, Check ~r case Load Efficiency, EER Con~ant due to work 
(unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1.1 454,700 10.89 3.413 142,506 
1.1 454,700 11.33 3.413 136,972 
1.1 454,700 11,62 3.413 133,653 
1.1 454,700 11.91 3.413 130,302 
1.2 454,700 12.34 3.413 125,761 
1.2 454,700 12.52 3.413 123,953 
1.2 454,700 13.22 3.413 117,390 
1.2 454,700 14,09 3.413 110,141 
1.2 454,700 14.09 3.413 110,141 
1.2 454,700 14.09 3,413 110.141 
1.2 454,700 14.09 3.413 110,141 
1.2 454,700 14,09 3,413 110,141 
1.2 454,700 14.09 3.413 110,141 
1.2 454,700 14.09 3.413 110,141 
1.2 454,700 14.09 3.413 110,141 
1.2 454,700 14,09 3.413 110,141 
1.2 454,700 14.09 3.413 110,141 
1.2 454,700 14.09 3.413 110,141 

Caloulated 
Btuh R~ecte~. 

Ched¢ 
(Btuh) 

597 206 
591 672 
583 253 
585002 
546506 
545 186 
540 394 
535 103 
535103 
535 103 
535 103 
535 103 
535 103 
535103 
635 103 
535 103 
535 103 
535 103 

Load Factor 
(unttless) 

1,00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 

kWh= 
kWh= 

Compressor 
Energy Use 

(kWh) 
(kWh) 

42 
321 

2,074 
6,070 
7,720 
9,660 
11,474 
13,687 
16,655 
18,941 
22,733 
25,914 
25,867 
21,249 
16,043 
9,352 
3,746 
754 

212,293 
41.75 

Application 
212,476 

41.8 
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AC, Measure #2 

Condenser Capacity 1,764,000 Btuh Btuh Capacity 
Ice C ~ m  Condensing Circuit8 5 circuits 110,250 
LT#1 Condon.dng Circuits 7 circuits 154,350 
LT#2 Condensing Circuits 2 circuits 44,100 
MT#1 Condensing Circuits 4 circuits 88,200 
MT#2 Condensing Circuits 30 circuits 661,500 
AC Condensing Circuits 32 circuits 705,600 
Total Circuits 80 1,764,000 

Bn Coincident 
Ternpemmm W~-Bulb Hour per~n 

(°~ (°~ (houm) 
113 74 1.0 
108 72 8.0 
103 70 53,0 
98 68 158.0 
93 66 287.0 
88 66 364.0 
83 63 457.0 
78 81 581,0 
73 59 707.0 
68 56 804.0 
63 53 965.0 
58 50 1100,0 
53 47 1098.0 
48 43 902.0 
43 40 681.0 
38 36 397.0 
33 32 159,0 
28 27 32.0 

Equivalent Compre~or 
Btuh relected ,,C, onapmssor Converdon 8~h retected 

AC Load AC Load for AC Effidency, EER Con~a~ due to won 
(tons) (Btuh) (Btuh) (Btu/Wa~-hr) (Btu/Watt-hr) (Btuh) 
40.00 480,000 480,000 18.33 3,413 89,375 
40.00 480,000 480,000 19,27 3,413 85,015 
40.63 487,560 487,560 21.03 3.413 79.127 
34,38 412,560 412,560 23.66 3.413 59,513 
23.13 277,560 277,560 27.46 3.413 34,498 
21.88 262,560 262,560 35,06 3,413 25,560 
15.63 187,560 187,560 40,12 3.413 15,956 
9.38 112,560 112,560 40.12 3.413 9,575 
3.13 37,560 37,560 23.66 3.413 5,418 

C ¢ ~ 1 ~  
Btuh 

I~ect~, 
Check 
(Btuh) 

569,375 
565,015 
5G6,887 
472,073 
312,058 
288,120 
203,516 
122,t35 
42,978 

Load Factor 
(unitless) 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1,00 
1.00 
1.00 

kWh= 
kWh= 

Compressor 
Energy Use 

(kWh) 
(kWh) 

28 
199 

1,229 
2,772 
2,901 
2,726 
2,136 
1,630 
1,122 

14,742 
26.19 

Applic~lon 
13,055 

25 
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Condenser, Measure #2 

Condenser Capacity 1,764,000 
Ice Cream Condensing Circuits 5 
LT#1 Condensing Circuits 7 
LT#2 Condensing Circuits 2 
MT#1 Condensing Circuits 4 
MT#2 Condensing Circuits 30 
AC Condensing Circuits 32 
Total Circuits 80 

Btuh 
circuits 
circuits 
circuits 
circuits 
circuits 
circuits 

Btuh Capacity 
110,250 
154,350 
44,100 
88,200 

661,500 
705,600 

1,764,000 

Bin Coincident AC Heat 
Temperature Wet-Bulb Hour per bin Rejection 

(°F) (°F) (hours) (Btuh) 
113 74 1.0 569,375 
108 72 8.0 565,015 
103 70 53.0 566,687 
98 68 159.0 472,073 
93 66 287.0 312,058 
88 66 364.0 288,120 
83 63 457.0 203,516 
78 61 581.0 122,135 
73 59 707.0 42,978 
68 56 804.O 0 
63 53 965.0 0 
58 50 1100.0 0 
53 47 1098.0 0 
48 43 902.0 0 
43 40 681.0 0 
38 36 397.0 0 
33 32 159.0 0 
28 27 32.0 0 

Refrigeration 
Heat 

Rejection 
(Btuh) 

967,443 
959,653 
952,142 
946,849 
871,883 
869,344 
860,360 
851,372 
851,904 
848,565 
848,333 
848,333 
848,333 
848,333 
848,333 
848,333 
848,333 
848,333 

Calculated 
Condenser 

Condenser Load Factor, Total Heat 
Load Factor Check Rejection 

(unitless) (unitless) (Btuh) 
1.1 1.1 1,536,818 
1.1 1.2 1,524,668 
1.2 1.2 1,518,829 
1.3 1.2 1,418,921 
1.3 1.5 1,183,941 
1.4 1.5 1,157,463 
1.5 1.7 1,063,876 
1.6 1.8 973,507 
1.7 2.0 894,882 
1.8 2.1 848,565 
1.8 2.1 848,333 
1.8 2.1 848,333 
1.8 2.1 848,333 
1.8 2.1 848,333 
1.8 2.1 848,333 
1.8 2.1 848,333 
1.8 2.1 848,333 
1.8 2.1 848,333 

Total Heat 
Rejection 
from the 

Application 
(MBtuh) 
1 574 
1 565 
1 484 
1 404 
1 325 
1 247 
1 175 
1 106 
1 039 
1 002 
1 002 
1 001 
1 000 
1 000 
1 000 
1 000 
1 000 
1 000 

Total Heat 
Rejection 
from the 

Application 
(Btuh) 

1,574,000 
1,565,000 
1,484,000 
1,404,000 
1,325,00O 
1,247,000 
1,175,000 
1,106,000 
1,039,000 
1 ,O02,00O 
1,002,000 
1,001,000 
1,000,000 
1,000,000 
1,000,000 
1,000,000 
1,000,000 
1,000,000 

Total Rejected 18,908,134 20,924 20,924,000 
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ice Cream, Measure #1 

Capacity 1,764,000 Btuh Btuh Capacity 
Ice Cream Con0enslng Circuits 5 circuits 110,250 
LT#1 Cond~lng Clmuits 7 circuits 154,350 
LT#2 CorKhmslng Circuits 2 circuits 44, I00 
MT#I CCondemdng Clmuits 4 clrcuita 65.200 
MT#2 Cohd(mldng Circuits 30 circuits 681,500 
AC Coflden~ng Circuits 32 circuits 705,600 
Total Circuits 80 1,764,000 

Bin Coincident R~dgemUon App~lceuon 
Ternpera~m W~-Bulb Hour per ~n Cue ~ Fa=or 

~F} ~ (houm) (Btuh) (unl t ln l )  
113 74 1.0 63,400 1.0 
108 72 8,0 63,400 1.0 
103 70 53.0 63,400 1.0 
98 68 159.0 63,400 1.0 
93 66 287.0 63,400 1.0 
98 66 364.0 63,400 1.0 
83 63 457.0 63,400 1.0 
76 61 581.0 63,400 1.0 
73 59 707.0 63,400 1.0 
68 56 804.0 63,400 1.0 
63 53 965.0 63,400 1.0 
58 50 1100.0 63,400 1.0 
53 47 1098.0 63,400 1.0 
48 43 902.0 63,400 1.0 
43 40 681.0 63,400 1.0 
36 36 397.0 63,400 1.0 
33 32 159.0 53,400 1.0 
28 27 32.0 63,400 1.0 

Calculated Equlvmet Comlxe~x 
AppacltJofl Btuh rwJected Compfa~lor COrNOrS~Ofl Btuh mJecte¢l 

Facior, Check for case Load Efficiency, EER Constant due to work 
(unltless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1.0 63,400 4.70 3,413 46,039 
1.0 63,400 4,70 3,413 48,039 
1.0 63,400 4.70 3.413 46,039 
1+0 63,400 4.70 3.413 48,039 
1.1 63,400 4.70 3.413 46,039 
1.1 83,400 4.70 3.413 46,039 
1.1 63,400 4.70 3 413 46,039 
1.1 63,400 4.70 3.413 46,039 
1.1 63,400 4.70 3.413 46,039 
1,1 63,400 4.70 3.413 46,039 
1.1 63,400 4.70 3.413 46,039 
1.1 63,400 4.70 3.413 46,039 
1.1 63,400 4,70 3.413 46,039 
1.1 63,400 4.70 3.413 46,039 
1.1 63.400 4,70 3.413 46,039 
1.1 63,400 4.70 3.413 45,039 
1.1 63,400 4.70 3.413 46,039 
1.1 63,400 4.70 3.413 46,039 

-~7 ~. .. 

Calculated 
Btuh Rejected, 

(Btuh) 
109,439 
109,439 
109,439 
109,439 
97.009 
97,009 
97,009 
97,009 
97,009 
97.009 
97,009 
97,009 
97,009 
97,009 
97.009 
97,009 
97,009 
97,009 

Load Factor 
(unltlees) 

1.00 
1.00 
1,00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

CO¢iIi~INiSor 
EneMy UN 

(kWh) 
(kWh) 

13 
106 
715 

2,145 
2.826 
3,584 
4,500 
5,721 
6,962 
7.917 
9,503 
10,832 
10,812 
8,882 
6.705 
3,909 
1,566 
315 

87,017 
13.49 

Application 
87,103 

13.5 
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LT#I, Measure #I 

Cocx~'tser C, spaoity 1,764,000 Btuh Btuh Capacity 
Ice Cream Condensing Circuits 5 circuits 110,250 
LT#1 Condensing Circuits 7 circuits 154,350 
LT#2 Cof~Jenalng Circuits 2 circuits 44,100 
MTll  Condemdrt, 9 Circuits 4 circuits 66,200 
MT#2 Condensing Circuits 30 circuits 661,500 
AC Condemslng Circuits 32 circuits 705,600 
Total Circuits 60 1,764,000 

Bn Cctncldent RefrlgeraUon AppgcaUon 
Temperature Wet-Bulb Hour Der ~n CaseLoed Factor 

(°~ {°~ (hours) (Btuh) (unltless) 
113 74 1.0 86,900 1.1 
108 72 8.0 86,900 1.1 
103 70 53.0 65,800 1.1 
98 68 159.0 88,900 1.1 
93 66 287.0 86,900 1.1 
88 86 364.0 66,900 1.1 
83 63 457.0 86,900 1.1 
78 61 681.0 86,900 1.1 
73 59 707.0 86,900 1.1 
68 56 804,0 86,900 1.1 
63 53 965.0 86,900 1.1 
58 50 1100.0 86,900 1.1 
53 47 1098.0 86,900 1.1 
48 43 902.0 86,900 1.1 
43 40 681.0 86,900 1.1 
38 36 397.0 86.900 1.1 
33 32 159.0 88,900 1.1 
28 27 32.0 86,900 1.1 

CalcutatiKI Equ~NGmt EsUrnated Compfmot 
Application Btuh rejected Compnmor Conversion Btuh rejected 

Factor, Chedc ~r case Load Efflctercy, BER ConMant due to work 
(unitless) (Btuh) (Btu/Wstt-hr) (Btu/Wltt-hr) (Btuh) 

1,1 88,800 5.70 3.413 52,033 
1,1 56,900 5.70 3:413 52,033 
1.1 86,900 5,70 3.413 52,033 
1.1 86,900 5.70 3.413 52,033 
1,3 88,000 5.70 3.413 52,033 
1.3 86,900 5.70 3.413 52,033 
1.3 86,900 5.70 3.413 52,033 
1.3 86,900 5.70 3.413 52,033 
1.3 86,900 5.70 3.413 52,033 
1.3 86.900 5.70 3.413 52,033 
1.3 86,900 5.70 3.413 52,033 
1.3 86,900 5.70 3.413 52,033 
1.3 86,000 5.70 3.413 52,033 
1,3 86,900 5.70 3.413 52,033 
1.3 86,900 5.70 3.413 52,033 
1.3 86,900 5.70 3.413 52,033 
1.3 86,900 5.70 3.413 52,033 
1.3 86,900 5.70 3.413 52,033 

Calcu~ted 
Stub P, dected, 

Check 
(Btuh) 

138,033 
138,933 
138,933 
138,933 
123,323 
123,323 
123,323 
123,323 
123,323 
123,323 
123,323 
123,323 
123,323 
123,323 
123,323 
123,323 
123,323 
123,323 

Load Factor 
(unltless) 

1.00 
1.00 
1.00 
1.00 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0,70 
0.70 

kWh= 
kWh= 

Comprenor 
Energy Use 

(kWh) 
(kWh) 

15 
122 
805 

2,424 
3.083 
3,885 
4,877 
6,200 
7,545 
8.560 
10,298 
11,739 
11,718 
9,626 
7,268 
4,237 
1,697 
342 

94,444 
15.25 

Application 
97,665 

15.1 
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LT#2. Measure #1 

Condenser Capacity 1,764,000 Btuh Btuh Capacity 
Ice Cream Condensing Circt,dts 5 circuits 110,250 
LT#1 Condensing Circuits 7 circuits 154,350 
LT#2 Condensing Circuits 2 circuits 44,100 
MT#I Condensing Circuits 4 circuits 88.200 
MT#2 Conde4'lsln 9 Circuits 30 circuits 681,500 
AC Condensing Circuits 32 circuits 705,600 
Total Circuits 60 1,764,000 

Bn Colnck~eN Refdgefaffon Application 
Teml~erature W~*Bulb Hour per ~n C m  Lcad FaVor 

(=F) ~ (houm) (Btuh) (unltiesa) 
113 74 1.0 27,300 1.0 
106 72 6.0 27,300 1.0 
103 70 53.0 27,300 1.0 
98 68 159.0 27,300 1.0 
93 66 267.0 27,300 1.0 
88 66 364.0 27,300 1.0 
83 63 457.0 27,300 1.0 
76 61 561.0 27,300 1.0 
73 59 707.0 27,300 1.0 
68 56 804.0 27,300 1.0 
63 53 965.0 27,300 1.0 
58 50 1100.0 27,300 1,0 
53 47 1098.0 27,300 1.0 
48 43 902.0 27.300 1.0 
43 40 661.0 27,300 1.0 
38 36 397.0 27,300 1.0 
33 32 159.0 27,300 1.0 
28 27 32.0 27,300 1.0 

Calculated Equ~ent C o n ~  
A~aoa~on Btuh relected C.oe~eseof Conven~on Stub 

Facto¢. Clteck for case load Eftlc~llcy. E.ER Consent due ~ vexk 
(un,lese) (Btu~) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

1.0 27,300 5.90 3.413 15,792 
1.0 27,300 6.10 3.413 16,275 
1.0 27,300 6.20 3.413 15,028 
1.0 27.300 6.20 3.413 15,028 
1.2 27,300 6.30 3.413 14,790 
1.2 27,300 6.50 3,413 14,335 
1.2 27,300 6.50 3.413 14,335 
1.2 27,300 6.50 3,413 14,335 
1.2 27.300 6.50 3,413 14,335 
1.2 27,300 6.50 3.413 14.335 
1.2 27,300 6.50 3,413 14,335 
1.2 27,300 6.50 3.413 14,336 
1.2 27,300 6.50 3.413 14,335 
1.2 27.300 6.50 3.413 14,335 
1.2 27,300 6.50 3,413 14.335 
1.2 27.300 6.50 3.413 14,335 
t,2 27,300 8.50 3.413 14,335 
1.2 27,300 6.50 3.413 14.335 

Calculated 
Bluh Rejected, 

Check 
(Btuh) 
43.092 
42,575 
42,328 
42.328 
38,096 
37,764 
37,764 
37,764 
37,764 
37,764 
37,764 
37,764 
37,764 
37.764 
37,764 
37,764 
37,764 
37,764 

Load Factor 
(unltless) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh- 
kWh= 

Com~tNmor 
E.~gy U =  

(kWh) 
(kWh) 

5 
36 

233 
700 
908 

1,116 
1,401 
1,781 
2,168 
2,465 
2,959 
3,373 
3,366 
2.766 
2,088 
1.217 
467 
98 

27,167 
4.63 

Application 
27,296 

4,6 

63621.XL5 



MT#I, Moe0um 81 

CondemNK Capacity 1,784,000 Btuh Btuh Capacity 
ice Ca lm Conderndng Circuits 5 circuits 110,250 
LT#1 Cond4mtdng Circuits 7 circuits 154,350 
LT#2 Cond~ng  Clrct,dtl 2 circuits 44,100 
MT#1 Condensing Clmults 4 ¢lroulte 88,200 
MT#2 Condeml~ng Clroultl 30 circuits 881,500 
AC Condensing Circuits 32 clrcultl 705,600 
Total Ctrcults 80 1.764,000 

Bn Ccinc~dent Refdgen~on AppllcaUon 
Ternpemtum Wet-Bulb Hour per ~n Came Loed Facior 

(=F) (=~ (houri) (atuh) {unltlosl) 
113 74 1.0 97,800 1.0 
108 72 8.0 97,e00 1.0 
103 70 53.0 97,800 1.0 
98 69 159.0 97,600 1.0 
93 66 257.0 97,600 1.0 
86 66 364.0 97,600 1.0 
83 83 457.0 97,600 1.0 
78 61 581.0 97,600 1.0 
73 59 707.0 97,600 1.0 
68 56 804.0 97,800 1.0 
63 53 985,0 97,600 1.0 
58 50 1100.0 97,600 1.0 
53 47 1098.0 97,800 1.0 
48 43 902.0 97,600 1.0 
43 40 681.0 97,800 1.0 
38 36 397.0 97,800 1.0 
33 32 159.0 97,800 1.0 
28 27 32.0 97,800 1.0 

Calculated Equ~aleflt Compressor 
Application Btuh rejected Compressor Conversion B~h rejected 

Factor, Check f~  case Load Efficiency, EER Con~ant duo to wed( 
(unltlese) (Otuh) (Btu/Watt-hr) (Btu/Wott-hr) (Btuh) 

0.8 97,600 8.58 3.413 38.824 
0.6 97,800 8.58 3.413 38,824 
0.5 97,600 8.58 3.413 39,824 
0.6 97,600 8.58 3.413 38.824 
0.7 97,600 8.58 3.413 38,824 
0.7 97,500 8.58 3,413 38,824 
0.7 97,800 8.58 3.413 38,824 
0.7 97,800 8.58 3.413 38,824 
0.7 97,600 8.55 3.413 38,824 
0.7 97.600 8.58 3.413 38,824 
0.7 97,600 8,58 3,413 38,824 
0.7 97.800 8.88 3.413 38,824 
0.7 97,600 8.58 3.413 38,824 
0.? 97,600 8.58 3.413 38,824 
0.7 97.600 8.58 3.413 38,824 
0.7 97,600 8,58 3.413 38.824 
0.7 97,800 8.58 3.413 38,824 
0.7 97,600 9.58 3.413 38,924 

Calculated 
Btuh R~ecied, 

Chics 
(Btuh) 

138,424 
136,424 
136,424 
138,424 
125,941 
125.941 
125,941 
125,941 
125,941 
128,941 
125.941 
125,941 
125,941 
125,941 
128,941 
125,941 
125,941 
125,941 

Load Factor 
(unltlesl) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh- 
kWh= 

Comprmor 
Energy Use 

(kWh) 
(kWh) 

11 
91 
803 

1,809 
2,383 
3,023 
3,795 
4,825 
5,871 
6.878 
8,013 
9,134 
9,118 
7,490 
5,655 
3,297 
1,320 
266 

73,380 
11.38 

Application 
39,422 

6.1 
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MT#2o Measure #1 

Condenser Capacity 1,764,000 Biuh Btuh Capadty 
Ice Cream ,Cor~denslng C, tn::u~ts 5 circuits 110,250 
LT#1 Condenldng Circuit= 7 circuits 154.350 
LT#22 Condensing Circuits 2 circuits 44,100 
MT#I Cofldenzdng Circuits 4 circuits 88,200 
MT#2 Condemdng Circuits 30 circuits 661,500 
AC Condensing Circuits 32 circuits 705,600 
Total Circuits 80 1,764.000 

Bn Coincident Flafdgera.on Application 
Teml~eril~m WeFBulb Hour per ~n Case Load FaVor 

~F) (°~ (hours) (Btuh) (unltless) 
113 74 1.0 454,700 1.0 
108 72 8.0 454,700 1.0 
103 70 53.0 454,700 1.0 
98 68 159.0 454,700 1.0 
93 66 287,0 454,700 1.0 
88 66 364.0 454,700 1.0 
83 63 457.0 454,700 1.0 
78 61 581.0 454,700 1.0 
73 59 707.0 454,700 1.0 
68 56 804.0 454,700 1.0 
63 53 965.0 454,700 1.0 
58 50 1100.0 454,700 1.0 
53 47 1095.0 454,700 1.0 
48 43 902.0 454,700 1.0 
43 40 681.0 454,700 1.0 
38 36 397.0 454,700 1,0 
33 32 159,0 454,700 1.0 
28 27 32.0 454,700 1.0 

Calculated Equlvalant 
Application Btuh rejected Compressor 

Factor, Check for case Load Effk:~encv, EER 
(unltiess) (Btuh) 

1.1 454 700 
1,1 454 700 
1.1 454 700 
1.1 454 700 
1.1 454 700 
1.1 454 700 
1,1 454 700 
1,1 454 700 
1.1 454 700 
1.1 454 700 
1.1 454 700 
1.1 454 700 
1.1 454 700 
1.1 454 700 
1.1 454 700 
1.1 454 700 
1.1 454 700 
1.1 454 700 

Compressor 
Conversion Btuh rejected 
Constant due to wod~ 

(Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 
9.15 3.413 169 606 
9.15 3.413 189 605 
9.15 3,413 169 606 
9.15 3.413 169 606 
9.15 3.413 169 606 
9.15 3.413 169 606 
9.15 3.413 159 505 
9.15 3.413 169 606 
9.15 3.413 169 606 
9.15 3,413 189 605 
9.15 3.413 169 606 
9.15 3.413 169 606 
9.15 3.413 169 606 
9.15 3.413 169 606 
9.15 3.413 159 606 
9.15 3.413 169 606 
9.15 3.413 169 606 
9.15 3.413 159 606 

Calculated 
Btuh Rejected, 

cileck 
(Btuh) 

624,306 
624,306 
624,306 
824,306 
578,512 
578,512 
578,512 
578,512 
578,512 
578,512 
578,512 
578,512 
578,512 
578,512 
578,512 
578,512 
578,512 
578,512 

Load Factor 
(unltless) 

1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Compnl~sor 
Energy Use 

(kWh) 
(kWh) 

50 
398 

2,634 
7,901 
10,411 
13.205 
16,578 
21,077 
25.648 
29,166 
35.007 
39,904 
39,832 
32,722 
24,704 
14.402 
5,768 
1,161 

320.567 
49.69 

Application 
320,451 

49.7 
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AC, Measure #1 

C.,onden~r Capacity 1,764,000 Btuh 
Ice Cream Condensktg CCImuIts 5 circuits 
LT#1 Condensing Circuits 7 circuits 
LT#2 Condensing Circuits 2 circuits 
MT#1 Condensing Circuits 4 circuits 
MT#22 Condensing Circuits 30 circuits 
AC Condensing Circuits 32 circuits 
Total Circuits 80 

Btuh Capacity 
110,250 
154,350 
44,100 
88,200 

661.500 
705,600 

1.764,000 

Bin Coincident 
Temperature Wet-Bulb Hour per bin 

(=F) (=F) (houm) 
113 74 1.0 
108 72 8.0 
103 70 53,0 
98 68 159.0 
93 66 287.0 
88 86 364.0 
83 63 457.0 
78 61 581.0 
73 59 707.0 
68 56 804.0 
63 53 965.0 
58 50 1100.0 
53 47 1098.0 
48 43 902,0 
43 40 681.0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

ACLoed 
(tons) 
40.00 
40.00 
40.63 
34.38 
23.13 
21.88 
15.63 
9.38 
3.13 

AC Load 
(Btuh) 

480,000 
480,000 
487,560 
412,560 
277,560 
262,560 
187,560 
112,560 
37,560 

Equivalent Compr~sor 
Btuh rejected ComprlSSSor Conversion B~h rejected 

f~AC Effidency, EER Consta~ due~wofk  
(Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

480,000 21.47 3.413 76,304 
480,000 21.47 3.413 76,304 
487,560 21.47 3.413 77,505 
412,560 21.47 3.413 65,583 
277,560 21.47 3.413 44,123 
262,560 21.47 3.413 41,738 
187,560 21.47 3.413 29,816 
112,560 21.47 3.413 17,893 
37,560 21.47 3.413 5,971 

C~culmed 
~uh 

Check 
(Btuh) 

556,304 
556,304 
565,065 
478,143 
321,883 
304,298 
217,376 
130,453 
43,531 

Load Faclor 
(unltles=) 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

Compreseor 
Energy Use 

(kWh) 
(kwh) 

22 
179 

1,204 
3,055 
3,710 
4,451 
3,992 
3,046 
1,237 

kWh= 20,897 < 
kWh= 22.36 < 

Application 
21,697 

23 

Notes 
The application assumes a tower AC load In the post-measure #2 retrofit condition, 
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Condenser, Measure #1 

Condenser Capacity 1,764,000 Btuh 
Ice Cream Condensing Circuits 5 circuits 
LT#1 Condensing Circuits 7 circuits 
LT#2 Condensing Circuits 2 circuits 
MT#1 Condensing Circuits 4 circuits 
MT#2 Condensing Circuits 30 circuits 
AC Condensing Circuits 32 circuits 
Total Circuits 80 

B~h C a p a ~  
110,250 
154,350 
44,100 
88.200 

661,500 
705,600 

1,764,000 

Bin Coincident AC Heat 
Temperature Wet-Bulb Hour per btn R~ect~n 

(°~ (°R (hours) (Btuh) 
113 74 1.0 556,304 
108 72 8.0 556,304 
103 70 53.0 565,085 
98 68 159.0 478,143 
93 66 287.0 321,683 
88 66 364.0 304,298 
83 63 457.0 217,376 
78 61 581.0 130,453 
73 59 707.0 43,531 
68 56 804.0 0 
63 53 965.0 0 
58 50 1100.0 0 
53 47 1098.0 0 
48 43 902.0 0 
43 40 681.0 0 
38 36 397.0 0 
33 32 159.0 0 
28 27 32.0 0 

RefdgemUon 
Heat Rejection 

(Btuh) 
1,009,102 
1,009,102 
1,009,102 
1,009,102 
924,785 
924,785 
924,785 
924,785 
924,785 
924,785 
924,785 
924,785 
924,785 
924,785 
924,785 
924,785 
924,785 
924,785 

Condenser 
Load Factor 
(unltless) 

1.1 
1.1 
1.1 
1.2 
1.3 
1.4 
1.6 
1.7 
1.8 
1.8 
1.8 
1.8 
1,8 
1.8 
1.8 
1.8 
1,8 
1.8 

Calculated 
Condenser 

Load FaVor, To~l Heat 
Check R~ection 

(unitless) (Btuh) 
1.1 1,565,406 
1.1 1,565,406 
1.1 1,574,167 
1.2 1,487,245 
1.4 1,246,468 
1.4 1.229,084 
1.5 1,142,161 
1.7 1,055,239 
1.8 968,316 
1.9 924 785 
1.9 924 785 
1.9 924 785 
1.9 924 785 
1.9 924 785 
1,9 924 785 
1.9 924 785 
1.9 924 785 
1.9 924 785 

Total Rejected 20,156,560 

Total Heat Total Heat 
Rejection from Rejection from 

the the 
Application Application 

(MBtuh) (Btuh) 
1,561 1,561,000 
1,560 1,560,000 
1,569 1,569,000 
1,482 1,482,000 
1,395 1,395,000 
1,307 1.307,000 
1,220 1,220,000 
1,133 1,133,000 
1,046 1,046,000 
1,003 1,003,000 
1,003 1,003,000 
1,003 1,003,000 
1,003 t ,003,000 
1,003 1,003,000 
1,003 1,003,000 
1,003 1,003,000 
1,003 1,003,000 
1,003 1,003,000 

21,300 21,300,000 Heat rejection differences are significant 
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Measure #2 Summary of Findings 

Measure # Measure # 
Pre-Retrofit Post-Retrofit D e m a n d  Pre-Retroflt Post.Retrofit Energy 

Evaluation Compressor Savings Demand Demand Smdngs Energy Energy Savings 
Ice Cream Condensing Circuits 13.49 12.48 1.01 87,017 61,450 25,567 
LT#1 Condensing Circuits 15.25 12.97 2 28 94,444 63,488 30,955 
LT#2 Condensing Circuits 4.63 4.63 0.00 27,167 24,572 2,595 
MT#1 Condensing Circuits 11.38 10.39 0.98 73,380 50,242 23.138 
MT#2 Condensing Circuits 4g.69 41.75 7.94 320,567 212,293 108,274 
AC Condensing Circuits 22.36 26.19 -3.83 20,897 14.742 6.154 
Total 8.38 kW 196,684 

Total Refer w/Compressor 89.45 466,761 
kWh 

Measure # Measure # 
Pre-Retrofit Post-Retrofit D e m a n d  Pre-Retrofit Post-Retrofit Energy 

Application Compressor Savings D e m a n d  Demand Savinfl8 Energy Energy Savings 
Ice Cream Condensing Circuits 13.50 12.50 1.00 87,103 61,447 25,656 
LT#1 Condensing Circuits 15.10 13.00 2.10 97,665 66,143 31,522 
LT#2 Condensing Circuits 4,60 4.60 0.00 27,296 24,563 2,733 
MT#1 Condensing Circuits 6.10 5.60 0.50 39,422 26,984 12,438 
M'r#2 Condensing Circuits 49.70 41.80 7.90 320,451 212,476 107,975 
AC Condensing Circuits 23.00 25.00 -2.00 21,697 13,055 8,642 
Total 9.50 kW 188,966 

Dark Green font is an estimate because this level of detail was missing from the application. 

kWh 

Messure 
Energy 

Difference In Savings per 
Pre- Post- Condenser Condenser 

Measure # Measure # Condenser Condenser Heat Heat 
Pre-Retrofit Post-Retrofit D e m a n d  Pre-Retrofit Post-Retrofit Energy Re jec t i on  Rejection Rejection Rejection 

Applicaton Condenser Analysis D e m a n d  Demand Savings Energy Energy Savlnqs (kWhl (Btuh) (Btuh)) (Btuh) (kWh/Btuh) 
Condenser Fan Use 8.00 8.00 0.00 19,099 60,549 -41,450 21,300,000 20.924,000 376.000 -0.11 

Pre- 
Condenser 
Rejection 

Evaluation Condenser Analysis (Btuh) 
Condenser Fan Use 20,156,580 

Final Results for Measure #22 ' | 
Source Demand Impact Energy lmpe 

Evaluation 8.38 59,058 | 
Application 9.50 147 t 516 / 

Malcgure 
Energy 

Difference in Savklgs per 
Post- Condenser Condenser 

Condenser Heat Heat 
Rejection Rejection Rejection 

(Btuh) (Btuh) (kWh/Btuh) Post-Energy Post Demand 
18,908,134 1,248,425 -137,626 54,716 7.22926175 

0,00289376 3.8234E-07 
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ice Cream, Measure #2 

Condenser Capacity 2,552,000 Btuh Btuh Capacity 
ice Cmarn C, xxldenslng Circuits 3 circuits 147,231 
LT#1 CorKlenldrtg Circuits 5 circuits 245,385 
LT#2 Conde~nldng Clmultz 6 ctrcutts 294,462 
MT#I Condens, if~g Circuits 16 circuits 785,231 
MT#2 Condensing Circuits 15 circuits 736,154 
AC Condemdng Circuits 7 circuits 343,535 
Total Circuits 52 2,562,000 

Bin Colnddeflt Refdgem,on 
Teml:)erll~m WebBulb Hour per ~n CCime L0ed 

( '~  ~ (hour) (Btuh) 
113 74 0.0 0 
108 72 5.0 23,704 
103 70 16.0 23,704 
98 68 60.0 23,704 
93 66 126.0 23,704 
88 86 197,0 23,704 
83 63 296.0 23,704 
78 61 430,0 23,704 
73 5g 563.0 23,704 
68 56 773.0 23,704 
63 53 1177.0 23,704 
58 50 1593.0 23,704 
53 47 1407.0 23,704 
48 43 987.0 23,704 
43 40 676.0 23,704 
36 36 313.0 23,704 
33 32 108.0 23.704 
25 27 23.0 23,704 

Application 
Factor 

(unltless) 

Cldct,datad Eq~dvelent Comprmor 
Ap~loatlon Btuh rqectad Comprmor Convem4on B~h r~,l~ted 

FaVor, ~ for case Load Efficiency, EER Constant due to won 
(unltless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (BtuM) 

0.0 0 0.00 3,413 0 
3.4 23,704 4.10 3.413 19.732 
3.5 23,704 4.40 3.413 18,387 
3.8 23,704 4.70 3.413 17.213 
4.1 23,704 5.00 3.413 16,180 
4.2 23,704 5.10 3.413 15.863 
4.2 23,704 5,10 3.413 15,863 
4.3 23,704 5.70 3.413 14,193 
4.5 23,704 6.30 3,413 12,842 
4.5 23,704 6.60 3.413 12,258 
4.6 23,704 6.90 3,413 11,725 
4.6 23,704 6.90 3.413 11,726 
4.6 23,704 6.90 3.413 11,725 
4.6 23,704 6.90 3.413 11.725 
4.6 23,704 6,90 3.413 11,725 
4.6 23,704 6.90 3.413 11,725 
4,6 23,704 6.90 3.413 11,725 
4.6 23.704 6.90 3.413 11,725 

Calcul~ed 
Btuh Rejected, 

Check 
(Btuh) 

0 
43,436 
42,091 
40,917 
35,516 
35,284 
35,284 
34,085 
33,078 
32.652 
32,263 
32,263 
32.263 
32,263 
32,263 
32,263 
32,263 
32.283 

Load Factor 
{unltless) 

0.00 
1.00 
1.00 
1 +00 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Comprmo¢ 
Er~,~y Use 

(kWh) 
(kWh) 

0 
2g 
86 

303 
436 
663 

1,001 
1,305 
1,546 
2.027 
2,952 
3,995 
3,626 
2,475 
1,695 
785 
271 
58 

23,161 
5.78 

Application 
23,063 

6 
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LT#1, Measure #22 

Condenser Capadty 2,552,000 Btuh Btuh Capacity 
ice Cream Condensing Cltoults 3 circuits 147,231 
LT#1 Condensing Circuits 5 circuits 245,385 
LT#2 Condef~slng Circuits 6 circuits 294,462 
MT#I Condensing Circuits 16 circuits 785,231 
MT#2 Corldensing Circuits 15 circuits 736.154 
AC Condensing Circuits 7 circuits 343.538 
Total Circuits 52 2.552.000 

Bn Coincident Reffigora~on 
Ternpamtum Wet-Bulb Hour Per bin Case toed 

C~ ~ (hours) {B~h) 
113 74 0.0 0 
108 72 5.0 43,850 
103 70 16.0 43,850 
98 68 80.0 43,850 
93 66 126.0 43.950 
88 66 197.0 43,850 
83 83 295.0 43,850 
78 61 430.0 43,850 
73 59 563.0 43,850 
68 56 773.0 43,850 
63 53 1177.0 43,850 
58 50 1593.0 43,850 
53 47 1407.0 43,850 
48 43 987.0 43,880 
43 40 876.0 43,850 
38 36 313.0 43,850 
33 32 108.0 43,650 
28 27 23.0 43,850 

AppllcaSon 
Factor 

(unltlese) 

Calcu~ted Equivalent Compressor 
Application Btuh rejected Compressor Convenden ~uh rejected 

Factor, Checz~; for case LoQd Efficiency, EER Constant due to work 
(unless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.0 0 0.00 0 0 
3.3 43,850 4.76 3.413 31,441 
3.3 43,850 5.05 3.413 29,636 
3.4 43,850 5.35 3.413 27,974 
3.9 43,850 5,64 3.413 26,535 
4.0 43,850 6.06 3.413 24.696 
4.0 43,850 6.42 3,413 23,312 
4.1 43,850 6.82 3.413 21,944 
4,2 43.850 7.22 3.413 20,729 
4.2 43,850 7.67 3.413 19,512 
4.3 43,850 5.12 3.413 18,431 
4.3 43,850 8.12 3.413 18,431 
4.3 43,850 8.12 3.413 18,431 
4.3 43,850 8.12 3.413 18,431 
4.3 43,850 8.12 3.413 18,431 
4.3 43,850 8.12 3.413 18,431 
4.3 43,850 8,12 9.413 18,~31 
4.3 43,850 8.12 3.413 15,431 

Calcu~t~ 
Btuh P~cted, 

Check 
(Btuh) 

0 
75,291 
73,486 
71.824 
63,221 
61,878 
60,867 
59,869 
58,952 
58,094 
57.305 
57,305 
57,305 
57,305 
57,305 
57,305 
57,305 
57,305 

Load Factor 
(unitless) 

0.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Comprmor 
Energy Use 

(kWh) 
(kWh) 
0 
46 
139 
492 
715 
1,041 
1,471 
2,018 
2.496 
3,226 
4,540 
6,280 
5,547 
3.591 
2.665 
1.234 
426 
91 

3G,417 
9.21 

AppUcatton 
36,575 

9 
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LTI2, Measure #2 

Condenser Capacity 2,552,000 Btuh Btuh Capacity 
tce Cream CC,4~ndensing Circuita 3 circuits 147,231 
LT#I Condensing Circul~ 5 circuits 245,385 
LTI2 Co¢tderls]ng Clrculta 8 circuits 294,462 
MT#I Cixldens~ng Ccircults 16 circuits 785,231 
MT#2 Condensing Clrcutls 15 circuits 738,154 
AC Cofldenalng Circufts 7 circuits 343,538 
Total Circuits 52 2,552,000 

Bin Co~nddent Refrlgemllo~ 
Temperature Wet-Bulb Hour ~ bin Cue Loed 

(°F) (OF) (hours) (Btuh) 
113 74 0.0 0 
108 72 5.0 91,200 
103 70 16.0 91,200 
98 68 60.0 91,200 
93 86 126.0 91,200 
88 66 197.0 91,200 
83 63 295.0 91,200 
78 61 430.0 91,200 
73 59 563.0 91,200 
68 56 773,0 91.200 
63 53 1177.0 91,200 
58 50 1593.0 91,200 
53 47 1407.0 91,200 
48 43 987.0 91,200 
43 40 676.0 91,200 
38 36 313.0 91,200 
33 32 108.0 91,200 
28 27 23.0 91,200 

AppllcaUon 
Factor 

(unlUess) 

CaJcu~ted Equtvmet Compmesor 
AppicaUon Btuh rejected Comprmor C, on~r,~o, Btuh rejected 

Fackx, Check for cue  ~ E~dency, EER Conste, nt due to woW, 
(unltless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.0 0 0.00 0 0 
2.0 91,200 5.88 3.413 52,938 
2.1 91,200 6.29 3.413 49,488 
2.1 91,200 6,70 3.413 46,458 
2.5 91,200 7.14 3.413 43,595 
2.5 91,200 7.61 3,413 40,902 
2.5 91,200 8.21 3,413 37,913 
2.8 91,200 8.75 3.413 35.573 
2.6 91,200 9.34 3,413 33,326 
2.6 91,200 9.98 3.413 31,189 
2.7 91,200 10.23 3.413 30,427 
2.7 91,200 10.23 3.413 30,427 
2.7 91,200 10.23 3,413 30,427 
2.7 91.200 10.23 3.413 30,427 
2.7 91,200 10,23 3,413 30,427 
2.7 91,200 10.23 3.413 30,427 
2.7 91,200 10.23 3.413 30,427 
2.7 91~200 10.23 3.413 30.427 

Cak:utste¢l 
BI,Jh Rejected, 

Chec~ 
(Btuh) 

0 
144,136 
140,686 
137,658 
119,537 
117,786 
115,843 
114,323 
112,862 
111,473 
110,977 
110,977 
110,977 
110,977 
110,977 
110,977 
110,977 
110.977 

Load Factor 
(unitless) 

0.00 
1.00 
1.00 
1.00 
0,65 
0.65 
0,65 
0.85 
0,65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.85 
0,85 
0.85 

kWh- 
kWl'l= 

Compfmof 
use 

(kWh) 
(kWh) 

0 
78 

232 
817 

1,046 
1,535 
2,130 
2,913 
3.573 
4,592 
6,820 
9.231 
8,153 
5.719 
3,917 
1.814 
626 
133 

53.329 
15.51 

Application 
60,185 

15.6 
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MT#1. Measure#2 

Co~:fenser Capsdty 2,552,000 Btuh Btuh Capacity 
Ice Cream Coc0denslng Circuits 3 circuits 147,23 t 
LT#1 Condensing Circuits 5 circuits 245,385 
LT#2 Cor~:lensing Circuits 6 circuits 294,462 
MT#I Condensing Circuits 15 circuits 785,231 
MT#2 Condensing Circuits 15 circuits 736,154 
AC Condensing ~rcults 7 circuits 343,538 
Total Circuits 52 2,552,000 

~n Coincident 
Temperature Wet-Bulb Hour per ~n 

~ ~ (bourn) 
113 74 0.0 
108 72 5.0 
103 70 16.0 
98 68 60.0 
93 65 126.0 
88 66 197.0 
83 63 295.0 
78 81 430.0 
73 59 563.0 
68 56 773.0 
63 53 1177.0 
56 50 1593.0 
53 47 1407.0 
48 43 987.0 
43 40 676.0 
38 36 313.0 
33 32 108.0 
28 27 23.0 

Refdg~'ttlon Application 
Cue I,J:nd Factor 

(Btuh) (unltless) 
0 

227,100 
247,645 
247,645 
247,645 
247,646 
247,645 
247,645 
247,645 
247,645 
247,645 
247,645 
247,645 
247,646 
247,645 
247,645 
247,645 
247,645 

CaJculato~ Eq, uh, mnt  ComprNout 
Application Btuh rejected ~ Convention Btuh rejected 

Factor, ~ for cue Lcad Effidencv. EER Constant 
(unltlen) 

0.0 
2.3 
2.2 
2.2 
2.5 
2.5 
2.5 
2.5 
2.5 
2.6 
2.6 
2,7 
2.7 
2.7 
2.7 
2.7 
2.7 
2,7 

(Btuh) 
0 

227 100 
247 645 
247 645 
247645 
247 645 
247 645 
247645 
247 646 
247645 
247 645 
247 845 
247 545 
247,645 
247,645 
247,645 
247,645 
247,645 

due mwork 
(BtuANatt-hr) (Btu/Watt.hr) (Btuh) 

0.00 0 0 
7.15 3.413 108,405 
7.62 3.413 110,920 
8.20 3.413 103,075 
8.67 3.413 97,487 
9.10 3.413 92,880 
9.34 3.413 90,494 
9.73 3.413 86,867 
10.88 3.413 77,685 
11.76 3.413 71,872 
12~53 3,413 67,455 
13,00 3.413 55,016 
13.00 3.413 65,016 
13,00 3.413 65,016 
13.00 3.413 65,016 
13,00 3.413 65,015 
13.00 3.413 65,016 
13.00 3.413 65,016 

Calculated Compressor 
Btuh R e e d ,  En~gy Use 

Check tcad Ftctor (kWh~ 
(Btuh) (unities|) (kWh) 

0 0.00 0 
335,505 1.00 159 
358,565 1.00 520 
350,720 1.00 1,812 
318,811 0.73 2,827 
315,448 0,73 3,914 
313,705 0.73 5,710 
311,058 0.73 7,989 
304,355 0.73 9,355 
300,111 0,73 11,883 
296,857 0.73 16,982 
295,107 0,73 22,153 
295,107 0.73 19,566 
295.107 0,73 13.725 
295,107 0.73 9,401 
295,107 0.73 4,353 
295,107 0,73 1,502 
295,107 0.73 320 

kWh= 131.989 > 
kWh= 31.76 = 

Application 
121,921 

32 
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MT#2, Measure #2 

Condenser Capacity 2,552,000 Btuh Btuh Capacity 
ice Crlmm Condensing Circuits 3 circuits 147,231 
LT#1 Condensing Circuits 5 circuits 245,385 
LT#22 Condensing Circuits 6 circuits 294,462 
MT#1 Condensing Circuits 16 circuits 785,23 i 
MTt2 Condensing Circuits 15 circuits 736,154 
AC Condensing Circuits 7 circuits 343,538 
Total Circuits 52 2,552,000 

~n Cotnddent 
Temperature Wet-Bulb Hour per bin 

(°~ (°~ (hours) 
113 74 0.0 
108 72 5.0 
103 70 16.0 
98 68 60.0 
93 66 126.0 
66 66 197.0 
83 63 295.0 
78 61 430.0 
73 59 563.0 
68 56 773.0 
63 53 1177,0 
58 50 1593.0 
53 47 1407.0 
48 43 957.0 
43 40 676.0 
38 36 313.0 
33 32 108.0 
26 27 23.0 

Refdge~Uon 
CeseLca¢l 

(Btuh) 
0 

219,825 
219,825 
219,825 
219,625 
219 825 
219 825 
219 825 
219 826 
219 825 
219 825 
219 825 
219 625 
219 825 
219 825 
219 825 
219 825 
219 825 

Application 
Factor 

(unltless) 

Calculated Equ~alent Compressor 
Application Btuh rejected Compressor Convemlon Btuh mJe~ed 

Fa=of, Check ~r case Load Efltdency, EIER Constant due to won 
(unltlees) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.0 0 0.00 0 0 
2.4 219,825 8.11 3.413 92,511 
2.4 219,625 8.80 3.413 85,257 
2.5 219,825 9.38 3,413 79.985 
2.7 219,625 9.96 3.413 75,328 
2.7 219,825 10.57 3.413 70,980 
2.7 219,825 11.26 3.413 66,631 
2.9 219,825 12.14 3.413 61,501 
2.8 219.625 12.96 3.413 57,891 
2.8 219,925 13.87 3.413 54,092 
2.9 219,625 14.60 3.413 50,353 
2.8 219,825 15.51 3,413 48,373 
2.9 219,826 15.51 3.413 48,373 
2.9 219.825 15.51 3.413 48.373 
2.9 219,625 15.51 3.413 48,373 
2.6 219.625 15.51 3.413 48.373 
2.9 219,825 15.51 3.413 48,373 
2.9 219,825 15.51 3.413 48,373 

Calculated 
~uh R~ented, 

Check 
(Btuh) 

0 
312,336 
305,062 
299,810 
274,814 
271.641 
268,465 
264,940 
262.085 
259,313 
256,583 
255,137 
255,137 
255.137 
265,137 
255,137 
255.137 
255,137 

Load Factor 
(unitlesa) 

0.00 
1.00 
1.00 
1.00 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Compressor 
Energy Use 

{kWh) 
(kWh) 

O 
136 
400 

1,406 
2,030 
2,991 
4,204 
5,894 
6,971 
8,943 
12,676 
16,482 
14,557 
10,212 
6.994 
3,238 
1,117 
238 

98,260 
27.11 

Application 
99,024 

27 
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AC, Measum#2 

Condenser Capacity 2,552,000 Btuh 
}ce Cream Conder~ing Circuits 3 circuits 
LT#1 Condensing Circuits 5 circuits 
LT#2 Condensing Circuits 6 circuits 
MT#1 Condensing Circuits 1 6 circuits 
MT#2 Condensing Circuits 1 5 circuits 
AC Condensing Circuits 7 circuits 
Total Circuits 52 

~uh Capacl~ 
147,231 
245,385 
294,462 
785.231 
736,154 
343,538 

2,552,000 

Bn CoCcklent 
Tempera~m W~-Bulb Hour per ~n 

113 74 0.0 
108 72 5.0 
103 70 16.0 
98 68 60,0 
93 66 126.0 
88 66 197.0 
83 63 295.0 
78 61 430.0 
73 59 563,0 
68 56 773.0 
63 53 1177.0 
58 50 1593.0 
53 47 1407.0 
48 43 987.0 
43 40 676,0 
38 36 313.0 
33 32 108.0 
28 27 23,0 

ACLoad 
(tons) 
0.00 

20,00 
18.57 
15.71 
12.86 
10.00 
7.14 
4.29 
1.43 

AC Loed 
(Btuh) 

0 
240,000 
222,840 
188,520 
154,320 
120,000 
85,680 
51,480 
17,160 

Equh,~dent Corr~ 
Btuh rejected Compressor Co~eralon Btuh i 

for AC Effidency, EER Constant due 1 
(Btuh) (Btu/Wa~-h~ (Btu/Wa~-hr) (B 

0 0.00 0 
240,000 12.64 3,413 64 
222,840 14.85 3,413 51 
188,520 17.06 3,413 37 
154,320 18,71 3.413 28 
120,000 22.78 3.413 17 
85,680 27.46 3.413 10 
51,480 33.04 3.413 5, 
17,160 37.08 3,413 1, 

Calculated 
Btuh 

Rejected, 
Check 
(Btuh) 

0 
304,804 
274,056 
226,235 
182,470 
137,979 
96,329 
56,788 
18,739 

Load Factor 
(unitless) 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

kWh= 
kWh= 

Compre~or 
Energy Use 

(kWh) 
(kWh) 

0 
95 

240 
663 

1,039 
1,038 
920 
670 
261 

4,926 
18.99 

Application 
2,726 
15.1 
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Condenser, Measure #2 

Condenser Capacity 2,552,000 Btuh 
Ice Cream Condensing Circuits 3 circuits 
LT#1 Condensing Circuits 5 circuits 
LT#2 Condensing Circuits 6 circuits 
MT#1 Condensing Circuits 1 6 circuits 
MT#2 Condensing Circuits 15 circuits 
AC Condensing Circuits 7 circuits 
Total Circuits 52 

Btuh Capacity 
147,231 
245,385 
294,462 
785,231 
736,154 
343,538 

2,552,000 

Bin Coin~dent AC Heat Refrigeration 
Temperature Wet-Bulb Hour per bin Reje~lon Heat Rejection 

(o~ (o~ (hours) (Btuh) (Btuh) 
113 74 0.0 0 0 
108 72 5.0 304,804 766,568 
103 70 16.0 274,056 779,224 
98 68 60.0 226,235 763,271 
93 66 126.0 182,470 692,361 
88 66 197.0 137,979 684,251 
83 63 295.0 96,329 678,322 
78 61 430.0 56,798 669,932 
73 59 563.0 18,739 658,500 
68 56 773.0 0 650,170 
63 53 1177.0 0 643,038 
58 50 1593.0 0 639,812 
53 47 1407.0 0 639,812 
48 43 987.0 0 639,812 
43 40 676.0 0 639,812 
38 36 313.0 0 639,812 
33 32 108.0 0 639,812 
28 27 23.0 0 639,812 

Condenser 
Load Factor 
(unltless) 

Calculated 
Condenser 

Load Factor, Total Heat the 
Check R~ection Application 

(unitless) (Btuh) (MBtuh) 
0.0 0 0 
2.4 1,071,371 1,163 
2.4 1,053,279 1,114 
2.6 989,506 1,049 
2.9 874,832 990 
3.1 822,230 934 
3.3 774,652 882 
3.5 726,730 830 
3.8 677,240 829 
3.9 650,170 797 
4.0 643,038 786 
4.0 639,812 782 
4.0 639,812 782 
4.0 639,812 782 
4.0 639,612 782 
4.0 639,812 800 
4.0 639,812 700 
4.0 639,812 600 

Total Rejected 12,761,731 

Total Heat Total Heat 
Rejection from Rejection from 

the 
Application 

(Btuh) 
0 

1,163,000 
1,114,000 
1,049,000 
990 000 
934 000 
882 000 
830 000 
829 000 
797 000 
786 000 
782 000 
782 000 
782 000 
782 000 
800,000 
700,000 
600.000 

14,602 14,602,000 Heat rejection differences are significant 
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Ice Cream, Measure ~I 

Condenser C.apsdty 2,552,000 Btuh 
ice Cream C, oft~ef~slng Circuits 3 circuits 
LT#1 Condensing Clrcults 5 circuits 
LT#2 Condensing Circult8 6 circuits 
MT#1 Co¢~¢lenslng Circuits 16 circuits 
MT#2 Cond~ng Circuits 15 circuits 
AC Colld4m~ng Circuits 7 circuits 
Total Circuits 52 

Btuh Capad~ 
147,231 
245,385 
294,462 
785,231 
736,154 
343,539 

2,552,000 

Bln Coincident 
Teml~'a~m W~-Bulb Hour ~ ~n 

~ ~ (hours) 
113 74 0.0 
108 72 5.0 
103 70 16.0 
98 68 60.0 
93 66 126.0 
89 56 197.0 
83 63 296.0 
78 61 430.0 
73 59 553.0 
68 56 773.0 
63 53 1177.0 
58 50 1593.0 
53 47 1407.0 
48 43 967.0 
43 40 676.0 
38 36 313.0 
33 32 108.0 
28 27 23.0 

Refr~'a6¢~ 
Case I.~d 

(Btuh) 
0 

23,704 
23,704 
23,704 
23,704 
23.704 
23,704 
23,704 
23,704 
23,704 
23,704 
23,704 
23,704 
23,704 
23,704 
23.704 
23,704 
23,704 

Application 
Factor 

(unltless) 

Calcula'led Equivalent Compro~or 
App~oatlon Btuh rejected C o ~ o r  Convorldon Btuh rejected 

Factor, Check for cue Load Efficiency, EER Con~ant due ~ 'work 
(unffleu) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.0 0 0.00 0 0 
3.4 23,704 4,10 3.413 19,732 
3.5 23,704 4.40 3,413 18,387 
3.6 23,704 4.70 3.413 17,213 
4.1 23,704 4.70 3.413 17,213 
4.1 23,704 4.70 3.413 17,213 
4,1 23,704 4,70 3,413 17,213 
4,1 23,704 4.70 3,413 17,213 
4.1 23,704 4.70 3,413 17,213 
4.1 23,704 4,70 3.413 17,213 
4.1 23,704 4.70 3,413 17,213 
4.1 23,704 4.70 3.413 17,213 
4,1 23,704 4.70 3.413 17,213 
4.1 23,704 4.70 3.413 17,213 
4,1 23.704 4.70 3.413 17,213 
4.1 23,704 4.70 3.413 17.213 
4.1 23,704 4.70 3.413 17,213 
4.1 23,704 4,70 3.413 17,213 

Calculate¢l 
Btuh Rejected, 

Check 
(Btuh) 

0 
43,436 
42,091 
40,917 
36,270 
36,270 
36,270 
36,270 
36,270 
36.270 
36,270 
38,270 
35,270 
36,270 
36.270 
36,270 
36,270 
36,270 

Load Factor 
(unitless) 

0.00 
1,00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Co113pt~Bor 
Energy Use 

(kWh) 
(kWh) 

0 
29 
86 

303 
464 
726 

1.088 
t,583 
2,073 
2.848 
4,333 
5,865 
5,180 
3,634 
2°489 
1.152 
398 
85 

32,331 
5.78 

Application 
32,363 

6 
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LT#1, Measure #1 

Condenser Capedty 2,552,000 Btuh Btuh Capacity 
Ice Cream Condee.slng ~rc,,dts 3 circuits 147,231 
LT#1 Condensing Clrcub 5 ctrculta 245,385 
LT#2 Condensing Clrcub 6 circuits 294,462 
MT#1 Condensing Circuits 18 circuits 785,231 
MT#2 Conden¢ng Circuits 15 circuits 736,154 
AC Condensing Circuits 7 circuits 343,538 
Total Circuits 52 2,552,000 

Bin CctnckJent Refrigeration 
Temperature Wet-Bulb Hour per bin Case Loed 

(=F) (°F) (hours) (Btuh) 
113 74 0,0 0 
108 72 5.0 43,850 
103 70 16.0 43,850 
98 68 60.0 43,850 
93 66 126.0 43,850 
88 66 197.0 43,850 
83 63 295.0 43,850 
78 81 430.0 43,850 
73 59 563.0 43,850 
68 56 773.0 43,850 
63 53 1177.0 43,850 
58 50 1593.0 43,850 
53 47 1407.0 43,850 
48 43 987.0 43,850 
43 40 676.0 43,850 
38 36 313.0 43.850 
33 32 108.0 43,880 
28 27 23.0 43,850 

Application 
Factor 

(unltless) 

Calcu|ate¢l Equ~alont  EsUmated Compresso¢ 
Appltoatton Btuh rejected Compreslor Co~wemlon Btuh rejected 

Factor, Check ~r caw Load Effk:~ency, EER Constant due to wed¢ 
(unltless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.0 0 0.00 0 0 

3.3 43,850 4.76 3J13 31,441 
3,3 43,850 5.05 3.413 29,636 
3.4 43,850 5.35 3.413 27,974 
3.4 43.850 5.40 3.413 27,715 
3.8 43,850 5.40 3.413 27,715 
3.8 43,850 5.40 3.413 27,715 
3.8 43,850 5.40 3.413 27,715 
3.8 43,850 5.40 3.413 27,715 
3.8 43.850 5.40 3,413 27,715 
3.8 43,850 5.40 3.413 27.715 
3.8 43,850 5,40 3,413 27,715 
3.8 43,850 5.40 3.413 27,715 
3.8 43,850 5.40 3.413 27.715 
3.8 43,850 5.40 3.413 27,715 
3.8 43,850 5.40 3.413 27,715 
3.8 43,850 5.40 3.413 27,715 
3.8 43,850 5,40 3.413 27,715 

Calculated 
I~uhReJe~ed, 

Check 
(Btuh) 

0 
75,291 
73,486 
71,824 
71,565 
64,062 
64,082 
64,082 
64,082 
64,082 
84,082 
64,082 
84,082 
64,082 
84,082 
64,082 
64,082 
64,082 

Load Factor 
(unltless) 

0.00 
1.00 
1.00 
1.00 
1.00 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Comprmmor 
Energy Use 

(kWh) 
(kWh) 

0 
48 
139 
492 

1,023 
1,188 
1.749 
2,549 
3,337 
4,582 
6,977 
9,443 
8,341 
5,851 
4,007 
1,855 
640 
136 

52,336 
9.21 

Application 
52,289 

9 
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LT#2, Measure #1 

Condimser Capacity 2,552,000 Btuh Btuh Capacffy 
Ice ~ Cortdeftstng Circuits 3 o|rctJIts 147,231 
LT#I Condensing Circuits 5 circuits 245,385 
LT#2 Conden~  Circuits 6 circuits 294,462 
MT#1 Condemdng Circuits 16 circuits 785,231 
M'r#22 Condensing Circuits 15 circuits 738,154 
AC Condeclslng Circuits 7 clrcutts 343,538 
Total Circuits 52 2,552,000 

Bin Coincident P, eMgemtlon 
Temperature Wet-Bulb Hour per bin CueLoad 

(=F') (°FF) (hours) (Btuh) 
113 74 0,0 0 
108 72 5.0 91,200 
103 70 16.0 91,200 
98 68 80.0 91,200 
93 66 126.0 91,200 
88 86 197.0 91,200 
83 63 295.0 91,200 
78 61 430.0 91,200 
73 59 563.0 91,200 
88 56 773.0 91,200 
63 53 1177.0 91,200 
58 50 1593.0 91,200 
63 47 1407.0 91,200 
48 43 987.0 91,200 
43 40 676,0 91,200 
35 36 313.0 91,200 
33 32 108.0 91,200 
28 27 23.0 91,200 

Al~onoatlon 
Factor 

(unltleas) 

Calculated Equivalent Comprmor 
Appncu~on Btuh reJeotlKI Compressor Conversion Btuh rejected 

Fsoto¢. C h ~  for case Load Effk:~oncy, EER Constant duo to wock 
(unltless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.0 0 0.00 0 0 
2.0 91,200 5.88 3.413 52,936 
2.1 91,200 6.29 3,413 49,486 
2.1 91.200 6.54 3.413 47,594 
2.1 91,200 6.54 3.413 47,594 
2.3 91,200 6.54 3.413 47,594 
2.3 91,200 8.54 3.413 47,594 
2.3 91,200 6.54 3.413 47,594 
2,3 91.200 6.54 3.413 47,594 
2.3 91,200 6.54 3.413 47,594 
2.3 91,200 6.54 3.413 47,594 
2.3 91,200 6.54 3.413 47,594 
2.3 91,200 6.54 3.413 47,.594 
2.3 91.200 6,54 3.413 47,694 
2.3 91,200 6.64 3.413 47,594 
2.3 91.200 6.54 3.413 47,594 
2.3 91,200 6.54 3.413 47,594 
2.3 91,200 6.54 3.413 47,594 

Calculated 
Btuh Reiected, 

Check 
(Btuh) 

0 
144,136 
140,686 
138,794 
136,794 
125,944 
125,944 
125,944 
125,944 
125,944 
125,944 
125,944 
125.944 
126,944 
125.944 
125,944 
125,944 
125,944 

Load Fsctor 
(unltleas) 

0.00 
1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Compressor 
Enenw Use 

{kWh) 
(kWh) 

0 
75 

232 
837 

1,757 
2,005 
3,003 
4,377 
5,731 
7,869 
11,982 
16,216 
14.323 
10,047 
6,882 
3,186 
1,099 
234 

39,859 
15.51 

Application 
89,869 

15.6 
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MT#1, Measure #1 

Condemm¢ Capadty 2,552,000 Btuh Btuh Capacity 
Ice Cmem Condensing Circuits 3 circuits 147,231 
LT#1 Condensing Circuits 5 circuits 245,385 
LT#2 Condensing Circuits 6 circuits 294,462 
MT#I Condenldng Circuits 15 circuits 785,231 
MT#2 Colldenslng Circuits 15 circuits 736,154 
AC Condemdng Circuits 7 circuits 343,538 
Total Circuits 52 2,552,000 

Bn Cctnddent R~dgemUon 
Teml~mtum Wet-Bulb Hour ger~n CaaeLoad 

~ ~ (houm) (Btuh) 
113 74 0.0 0 
108 72 5.0 227,100 
103 70 16.0 227,100 
98 68 60.0 227,100 
93 66 128.0 227,100 
88 66 197.0 227,100 
83 63 295.0 227,100 
78 61 430.0 227,100 
73 59 563.0 227,100 
68 56 773.0 227,100 
63 53 1177.0 227,100 
58 50 1593.0 227,100 
53 47 1407.0 227,100 
48 43 987.0 227,100 
43 40 676.0 227,100 
38 38 313.0 227,100 
33 32 108.0 227,100 
28 27 23.0 227,100 

Application 
Factor 

(unltless) 

C,,alct,Aated EquN~ent 
Appnoaao. Btuh ,,elected Comprmor 

Fact~, Check ~t  case load Effidency, EER 
(unltlels) (Btuh) 

0.0 0 
2.3 227 100 
2.4 227 100 
2.4 227 100 
2.5 227 100 
2.7 227 100 
2.7 227 100 
2.7 227 100 
2.7 227 100 
2.7 227 100 
2.7 227 100 
2.7 227 100 
2.7 227 100 
2.7 227 100 
2.7 227 100 
2.7 227 100 
2.7 227 100 
2,7 227 100 

Compnmo¢ 
Co~wersion Btuh rqected 
Constant due to work 

(Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 
0.00 0 0 
6.86 3,413 112,987 
7.34 3.413 105,598 
7,91 3.413 97,989 
8.39 3.413 92,383 
8.58 3.413 90,337 
8.58 3.413 90,337 
8.58 3,413 90,337 
8.58 3.413 90.337 
8.58 3,413 90,337 
8.58 3.413 90.337 
8.68 3.413 90,337 
8,58 3.413 90,337 
8.58 3.413 90.337 
8.58 3.413 90,337 
8.58 3.413 90.337 
8.58 3.413 90,337 
8.88 3.413 90,337 

Cak:ul~ed 
B t~  R~ected, 

Check 
(Btuh) 

0 
340,087 
332,698 
325.089 
319,463 
293,046 
293,046 
293,046 
293,046 
293,046 
293.046 
293,046 
293,046 
293,046 
293,046 
293,046 
293,046 
293,046 

Load Factor 
(unltless) 

0.00 
1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Compfmor 
Energy Use 

(kWh) 
(kWh) 

0 
166 
495 

1,723 
3,411 
3,806 
5,700 
8,308 
10,876 
14,936 
22.742 
30,780 
27,186 
19,071 
13,062 
6,048 
2,087 
444 

170.843 
33.10 

Application 
170,905 

33 
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MT#2, Measure #1 

Condenser Col:~clty 2,552,000 Btuh 
Ice Crum Conclonsln9 Cicui~ 3 circt,dta 
LT#1 CoIxllmlllng Circuits 5 circuits 
LT#2 Co~:leytMng Circuits 8 circuits 
MT#1 Cmx:kmldng Circuits 1 6 circuits 
MT#2 Condemdn9 Circuits I 5 cffcults 
AC C~-~,,~81ng Clroults 7 clrcultl 
Total Clrcutm 52 

Btuh Capadty 
147,231 
245,385 
294,462 
785,231 
736,154 
343,538 

2,552,000 

Bin Colnc~de~ 
Tempeta~m Wet-Bulb Hour per ~n 

(°~ (=~ (howl) 
113 74 0.0 
108 72 5.0 
103 70 16.0 
98 68 60.0 
93 66 126.0 
88 86 197.0 
83 63 295.0 
78 61 430.0 
73 59 563.0 
68 56 773,0 
63 53 1177.0 
58 50 1593.0 
53 47 1407.0 
48 43 987.0 
43 40 676.0 
38 36 313.0 
33 32 108.0 
28 27 23.0 

R~rlgeragon 
CueLoacl 

(Btuh) 
0 

219,825 
219,825 
219,825 
219,825 
219,825 
219,825 
219,825 
219,825 
219,825 
219,825 
219,825 
219,825 
219,825 
219,825 
210,828 
219,825 
219,825 

Application 
Factor 

(unitless) 

Calculated Equivalent 
Almlloa8on Btuh rejected Compressor 

Factor, Check f~  case Load Efficiency, EER 
(unltleas) (Btuh) 

0.0 0 
2.3 219 828 
2.4 219 825 
2.4 219 825 
2.7 219 825 
2.7 219 825 
2.7 219 825 
2.7 219 825 
2.7 219 825 
2.7 219 825 
2.7 219 825 
2.7 219 825 
2.7 219 825 
2.7 219 825 
2.7 219 825 
2.7 219 825 
2.7 219 825 
2.7 219 825 

C o m p r ~  
Conversion Btuh m J ~ d  
Conetant due to work 

(Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 
0.00 0 0 
7.88 3.413 95,211 
8.57 3,413 87,545 
9.15 3.413 81,996 
9.73 3.413 77,108 
9.85 3.413 76.169 
9.85 3.413 76,169 
9.85 3.413 76,169 
9.85 3.413 78,169 
9.85 3.413 76,169 
9.85 3,413 76,169 
9.85 3.413 78,169 
9.85 3,413 76,189 
9.85 3.413 76.169 
9.85 3.413 76,169 
9.85 3.413 76,169 
9.85 3.413 76,169 
9.85 3.413 76,169 

Calculated 
Btuh R~ected, 

Chect¢ 
(S~h) 

0 
315 036 
307 370 
301 821 
276 114 
275 428 
275 426 
275 428 
275 428 
275 428 
275 426 
275 428 
278 429 
275 428 
275 428 
275 428 
275 428 
275 428 

Load Factor 
(unltleas) 

0.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Compf~8or 
Energy Use 

(kWh) 
(kWh) 

0 
139 
410 

1,441 
2.078 
3,209 
4,806 
7,005 
9,172 
12,593 
19,175 
25,953 
22,922 
16,080 
11,013 
5,099 
1,759 
375 

143.232 
27.90 

Application 
144,016 

28 
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AC, Measure #1 

Condenser Capacity 2,552,000 Btuh 
Ice Cream Condensing Circuits 3 circuits 
LT#1 Conden~ng Circuits 5 circuits 
LT#2 Condensing Circuits 6 circuits 
MT#1 Condensing Circuits 16 circuits 
MT#2 Condensing Circuits 15 circuits 
AC Condensing Circuits 7 circuits 
Total Circuits 52 

Btuh Capacity 
147,231 
245,385 
294,452 
785,231 
736,154 
343,538 

2,552,000 

Bn Co~nddent 
Tempem~m Wet-BOb Hcurp~'~n 

(°~ (°~ (houm) 
113 74 0.0 
108 72 5.0 
103 70 16.0 
98 68 80,0 
93 86 126.0 
88 66 197,0 
83 63 296.0 
78 61 430.0 
73 59 563.0 
68 56 773.0 
63 53 1177.0 
58 50 1593.0 
53 47 1407.0 
48 43 987.0 
43 40 676.0 
38 36 313.0 
33 32 108,0 
28 27 23.0 

AC Load 
(tons) 
0.00 

20.00 
18.57 
15.71 
12.86 
10.00 
7.14 
4.29 
1.43 

AC Load 
(Btuh) 

0 
240,000 
222,840 
188,520 
154,320 
120,000 
85,680 
51,480 
17,160 

Equivalent Compn~or 
Bluh rejected Compressur Conversion Btun rejected 

for AC Efficiency, EER Conmam due to won 
(Btuh) (Btu/Waff-hr) (Btu/WaH-hr) (Btuh) 

0 0.00 0 0 
240,000 12.64 3,413 84,804 
222,840 14.85 3.413 51,216 
188,520 17.06 3.413 37,715 
154,320 17.69 3.413 29,774 
120,000 17.69 3,413 23,152 
85,680 17.69 3.413 16,531 
51,480 17.69 3.413 9,932 
17,160 17.69 3.413 3,311 

Btuh 
RejectS, 

Check 
(Btuh) 

0 
304,804 
274,056 
226,235 
184,094 
143,152 
102,211 
61,412 
20,471 

Load Factor 
(unitless) 

0.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

Compl'l~,or 
Energy Use 

(kWh) 
(kWh) 

0 
95 

240 
663 

1,099 
1,336 
1,429 
1,251 
545 

kWh= 6,660 
kWh= 18.99 

Application 
6,665 

19 

Notes 
The ap,pllcatlon assumes a lower AC load in the post-measure #2 retrofit condition. 
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Condenser, Measure #1 

Condenser Capacl~ 2,552,000 Btuh 
Ice Cream Condensing Circuits 3 circuits 
LT#1 Condensing Circuits 5 circuits 
LT#2 Condensing Circuits 6 circuits 
MT#1 Condensing Circuits 16 circuits 
MT#2 Condensing Circuits 15 circuits 
AC Condensing Circuits 7 circuits 
Total Circuits 52 

B~h Capact~ 
147,231 
245,385 
294,462 
785,231 
736,154 
343,538 

2,552,000 

Bin Coincident AC Heat 
Temperature Wet-Bulb Hour per bin Rejection 

(°R (°~ (~ours) (Btuh) 
113 74 0.0 0 
108 72 5.0 304,804 
103 70 16.0 274,056 
98 68 60.0 226,235 
93 66 126.0 184,094 
88 66 197.0 143,152 
83 63 295.0 102,211 
78 61 430.0 61,412 
73 59 563.0 20,471 
68 56 773.0 0 
63 53 1177.0 0 
58 50 1593.0 0 
53 47 1407.0 0 
48 43 987.0 0 
43 40 676.0 0 
38 36 313.0 0 
33 32 108.0 0 
28 27 23.0 0 

Refdgemtlon 
Heat R~ecUon 

(Btuh) 
0 

773,851 
755,645 
739,651 
703,431 
668,826 
668,826 
668,826 
668,826 
668,826 
688,826 
668,826 
668,826 
668,826 
668,826 
668,826 
668,826 
668,826 

Condenser 
Load Factor 
(unltless) 

Calculated 
Condenser 

Load Factor, 
Check 

(unitless) 
0.0 
2.4 
2.5 
2.6 
2.9 
3.1 
3.3 
3.5 
3.7 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 

Total Rejected 

Total Heat 
Rejection 

(Btuh) 
0 

1,078,654 
1,02g 701 
965 886 
887 525 
811 978 
771 036 
730 238 
689 296 
668 826 
668 826 
668 826 
668 826 
668 826 
668 826 
668 826 
668 826 
668 626 

12,983,746 

Total Heat Total Heat 
Rejection from Rejection from 

the the 
Application Application 

(MBtuh) (Btuh) 
0 0 

1,233 1,233,000 
1,181 1,181,000 
1,115 1,115,000 
1,062 1,062,000 

.1,018 1,018,000 
977 977,000 
936 936,000 
895 895,000 
875 875,000 
875 875,000 
875 875,000 
875 875,000 
875 875,000 
875 875,000 
800 800,000 
700 7OO,000 
600 600,000 

15,767 15,767,000 Heat rejection differences are significant 
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Measure #2 Summary of Rndlngs 

Measure # Measure # 
Pre-Retrofit Post-Retrofit Demand Pre-Ratrofit Post-Retrofit Energy 

Evaluation Compressor Savings D e m a n d  Demand Savings Energy Energy Savings 
Ice Cream Condensing Circuits 5.78 5.78 0.00 32.331 23,161 9.170 
LT#1 Condensing Circuits 9.21 9.21 0.00 52,336 36,417 15,919 
LT#2 Condensing Cimuits 15.51 15.51 0.00 89,859 53,329 36,530 
MT#1 Condensing Circuits 33.10 31.76 1.34 170,843 131,969 38,873 
MT#2 Condensing Circuits 27.90 27.11 0.79 143,232 98,280 44,952 
AC Condensing Circuits 18.99 18.99 0,00 6,660 4,926 1,734 
Total 2.13 kW 147,179 

Total Refer w/Compressor 103.36 460,705 
kWh 

Measure # Measure # 
Pre-Retroflt Post-Retrofit Demand  Pre-Retrofit Post-Retrofit Energy 

Appllcetton Compressor Savings Demand  Demand Savings Energy Energy Savings 
Ice Cream Condenalng Circuits 6.00 6.00 0.00 32,363 23,063 9,300 
LT#I Condenalng Clrcu~ 9.00 9.00 0.00 52,289 36,676 15,613 
LT#22 Condensing Circuits 15.60 15.60 0.00 89,869 60,185 29,684 
MT#1 Condensing Circuits 33.00 32.00 1.00 170,905 121,921 48,984 
MTI2 Condensing Circuits 28.00 27.00 1.00 144,016 99,024 44,992 
AC Condensing Circuits 19.00 15.10 3.90 6,665 2,726 3,939 
Total 5.90 kW 152,512 kWh 

Dark Green font is an estimate because this level of detail was missing from the application. 

Measure 
Energy 

Difference In Savings per 
Pre- Pos t -  Condenser Condenser 

Measure # Measure # Condenser Condenser Heat Heat 
Pre-Retrefit Post-Retrofit Demand  Pre-Retroflt Post-Retrofit E n e r g y  Re jec t ion  RaJecffon Rejec t ion  Rejection 

Appliceton Condenser Analysis D e m a n d  Demand Savings Energy Energy Savings (kWh) (Btuh) (Btuh) (Btuh) (kWh/Btuh) 
Condenser Fan Use 16.00 16.00 0.00 127,026 134,501 -7,475 15,767,000 14,602,000 1,165,000 -0.01 

Pre- 
Condenser 
Rejection 

Evaluation Condenser Analysis (Btuh) 
Condenser Fan Use 12.983,746 

Flntd Results for Measure 
Source Demand Impact Energy Impact 

Evaluation 2.13 145,754 
Application 5.90 145,037 

Measure 
Energy 

Difference In ~vlngs per 
Pos t -  Condenser Condenser 

Condenser Heat Heat 
Rejection Reject ion Rejection 

(Btuh) (Btuh) (kWh/Btuh) Post-Energy Post Demand 
12,761,731 222,015 .1,425 117,550 13,9835431 

0.00921114 1.0957E-06 
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I~  Cream, Measure #2 

C~,,,-~,,~,r,~er Capacity 2,552.000 Btuh Btuh Cap~ctty 
Ice ~ Conden~ftg Circuits 3 circuits 147,231 
LT#1 Condensing Circuits 1 2 circuits 588,923 
LT#2 Condensing Circuits 0 circuits 0 
MT#I CC, o~ldenl~g Circuits 7 circuits 343.538 
MTI2 Condensing Circuits 21 circuits 1,030,615 
AC Condemdng Circuits 9 circuits 441,892 
Total Circuits 52 2,552,000 

Bn Cctnddent RefdgeraUon 
Tempefa~re We~Bulb Hour per~n CmLoad 

(°~ (°~ (houm) (Btuh) 
113 74 0.0 0 
108 72 8.0 31,333 
103 70 53.0 31,833 
98 68 159.0 31,833 
33 66 287.0 31,833 
88 66 364.0 31,833 
83 63 457.0 31,833 
78 61 581.0 31.833 
73 59 707.0 31,833 
68 56 804.0 31,833 
63 53 966.0 31,833 
58 50 1100.0 31,833 
53 47 1098.0 31,833 
48 43 902.0 31,833 
43 40 681.0 31,833 
38 36 397.0 31,833 
33 32 159.0 31,833 
28 27 32.0 31,833 

Application 
Factor 

(uniUess) 

Calculated Equlvakmt Compre,mor 
App(lca~on Btuh rqected CCompmssor Convention Btuh rqected 

Factor, Check ~r  cue  Load Efficiency, EER Constant due ~ won 
(unffiess) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.0 0 3.90 0 0 
2.8 31,833 4.20 3.413 25,888 
2.6 31.333 4.50 3.413 24,144 
2.7 31,833 4.30 3,413 22,835 
3.1 31,e33 5.00 3.413 21,729 
3,1 31,833 8.10 3.413 21,303 
3.2 31,633 5.40 3.413 20,120 
3.3 31,833 6.00 3.413 16,106 
3.3 31,833 8.40 3,413 16.976 
3.4 31,833 6.30 3.413 15,977 
3,4 31,833 6.90 3.413 15,746 
3.4 31,833 6.90 3.413 15.746 
3.4 31,833 6.90 3.413 15,746 
3.4 31,833 6.90 3.413 15,748 
3.4 31,833 6.90 3.413 15,746 
3.4 31,833 6.90 3,413 15,746 
3.4 31,833 6.90 3.413 15,746 
3.4 31,833 6.00 3,413 15,746 

Calcul~ed 
B~h R~ected, 

Ched¢ 
(atuh) 

0 
87,701 
55,977 
54,468 
47,895 
47,384 
46,520 
45,052 
44,225 
43,496 
43,327 
43,327 
43,327 
43,327 
43,327 
43,327 
43,327 
43,327 

Losd Factor 
(unltless) 

0.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh. 
kWh= 

Compressor 
Energy Use 

(kWh) 
(kWh) 

0 
61 

375 
1,054 
1,334 
1,859 
1,967 
2.250 
2,567 
2,748 
3,250 
3,705 
3,693 
3,038 
2,293 
1,337 
535 
108 

31,978 
7~58 

Application 
32,840 

8 
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LT#1, Measure #2 

Corx:kmser Capacity 2,562,000 Btuh Btuh Capacity 
Ice Cnmrn Condensing Circuits 3 circuits 147,231 
LT#I Condensing Circuits 12 ctrcults 585,923 
LT#22 Condensing Circus 0 circuits 0 
MT#I Condemdng ClrcuJt= 7 clrcults 343,538 
MT#2 CCo¢'l¢le~lllng Clrcutts 21 circuits 1,030.615 
AC Condensing Circuits 9 circuits 441,692 
Total Clrcultt 52 2,552,000 

• n Co~ncldent RMrlgemSon 
Ten~emmm w~-Bu~ Hour per ~n Cue 

(=~ ~ (hour) (Btuh) 
113 74 0.0 0 
108 72 8.0 107,318 
103 70 53,0 107,318 
98 68 159.0 107,318 
93 66 287.0 107,318 
88 66 364.0 107,318 
83 63 457.0 107,318 
78 61 581.0 107,318 
73 59 707.0 107,318 
68 56 804.0 107,318 
83 53 965.0 107,318 
58 50 1100.0 107,318 
53 47 1098.0 107,318 
48 43 902.0 107,318 
43 40 681.0 107,318 
38 38 397.0 107,318 
33 32 159.0 107,316 
28 27 32.0 107,318 

ARoUoatlon 
Factor 

(unltless) 

Calculated Equivalent Compn~mr 
ApplloaUon Btuh rejected ~ o r  Convemion Btuh mJecllKI 

Factor, Check f~  case Load Efficiency, EER Constant due to wodc 
(unltless) (Btuh) (B~u/Welt-hr) (B:u/Watt-hr) (Btuh) 

0.0 0 0.00 0 0 
3.2 107,318 4.78 3.413 76,949 
3.3 107,318 5.05 3.413 72.630 
3.4 107,318 5.35 3,413 68,463 
3.4 107.318 5.64 3.413 64,943 
3.9 107,318 5.99 3,413 61,148 
4.0 107,318 6.42 3.413 57,052 
4.0 107.318 6.82 3.413 53.706 
4,1 107,318 7.22 3,413 50,731 
4.1 107,318 7,67 3.413 47,754 
4.2 107,318 6,12 3,413 45,108 
4.2 107,318 8.12 3.413 45,108 
4.2 107,318 8,12 3.413 45.108 
4.2 107,318 8.12 3.413 45,108 
4.2 107,318 8.12 3.413 45.108 
4.2 107,318 8.12 3,413 45,108 
4.2 107,318 8,12 3.413 46, t08 
4.2 107.318 8.12 3.413 45o108 

Calcul~ed 
Rqecteo, 

Check 
(Btuh) 

0 
184,267 
179,848 
175,781 
172,261 
151,956 
148,966 
145,524 
144,351 
142.179 
140,247 
140,247 
140,247 
140,247 
140.247 
140,247 
140,247 
140,247 

Load Factor 
(unltless) 

O.O0 
1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh = 

CC.omlx~or 
enemy U*e 

(kWh) 
(kWh) 

0 
180 

1,126 
3,189 
5,461 
4,761 
5,577 
6,674 
7.871 
8,212 
9,310 
10,613 
10,594 
6,703 
6,670 
3,830 
1,534 
3O9 

94.315 
22.55 

Application 
94,312 
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MT#1, Measuro #2 

Condemm" Capadty 2,552,000 Btuh Btuh Capacity 
Ice CrlNIm Condensing circuits 3 circuits 147,231 
LT#1 Condensing Circuits 12 circuits 588,923 
LT#2 Condenelng circuits 0 circuits 0 
MT#I Conde~.llng Circuits 7 circuits 343,538 
MT#2 Condensing Clncuits 21 circuits 1,030.615 
AC Condensing Circuits 9 circuits 441,692 
Torsi Circuits 52 2,552,000 

Bn Cctnc~ent R~rlgeraffon 
Temperature W~-Bulb Hour per hal CMe Load 

~F) ('F) (hour) (Stub) 
113 74 0.0 0 
108 72 8,0 115,300 
103 70 53,0 115,300 
98 86 159.0 115,300 
93 66 287.0 115,300 
88 86 384.0 115,300 
83 63 457.0 115,300 
78 61 581.0 115,300 
73 59 707.0 115,300 
88 56 804.0 115,300 
63 53 965.0 115,300 
58 50 1100.0 115,300 
53 47 1098.0 118,300 
48 43 902.0 115,300 
43 40 681.0 115,300 
38 36 397.0 115,300 
33 32 159.0 115,300 
28 27 32.0 115,300 

Application 
Factor 

(unltles$) 

Calculated Equivalent 
Application Btuh rejected Compressor 

Factor, Check for case Load Efficiency, EER 
(unitles=) (Btuh) 

0.0 0 
3,5 115 300 
3.6 115 300 
3.8 ! 15 300 
3.7 115 300 
4.1 115 300 
4,1 118 300 
4.2 115 300 
4.2 115 300 
4.2 115 300 
4.3 115 380 
4.3 115 300 
4,3 115 300 
4.3 115,300 
4.3 118,300 
4.3 115,300 
4.3 115,300 
4.3 115,300 

Corrermof 
Conversion Btuh mjsoted 
Consent due to work 

(Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 
0.00 0 0 
7.38 3.413 53,322 
8.01 3.413 49,128 
8.63 3.413 48.134 
9.05 3.413 43,483 
9.57 3.413 41,120 
10.28 3.413 38,280 
10,89 3.413 36,136 
11.62 3.413 33,866 
12.34 3.413 31,890 
13,22 3,413 29,767 
14.19 3,413 27,732 
14.19 3.413 27,732 
14.19 3.413 27.732 
14.19 3.413 27,732 
14.19 3,413 27.732 
14.19 3.413 27,732 
14.19 3.413 27,732 

Calou~ted 
Btuh Rqected, 

Check 
(Btuh) 

0 
168,622 
164,428 
181,434 
158,783 
145,318 
143,244 
141,679 
140,022 
138,579 
137.030 
135,544 
135,544 
t35,544 
136,544 
136.544 
135,544 
135,544 

Load Factor 
(unltless) 

0.00 
1,00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

ComprelSor 
Energy Use 

(kWh) 
(kWh) 

0 
125 
763 

2,149 
3.856 
3,201 
3,742 
4,491 
5,121 
5.484 
6,144 
6,525 
6,513 
5,350 
4,039 
2,355 
943 
190 

80,791 
15.62 

Application 
~0,973 
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MT#2, Measure #2 

Condefller Capacity 2,552,000 Btuh Btuh Capacity 
|ca Cfellm Condenl~,n 9 circgits 3 circultB 147,231 
LT#I Condensing Of'cults 12 circuit8 588,923 
LT#2 Condensing Circuits 0 circuits 0 
MT#1 Condefltdng Circuits 7 circultl 343,538 
MT#2 CCoflclentlng Clmults 21 circuits 1,030,515 
AC CCor'KkmCng Circuits 9 circuits 441,692 
Total Circuits 52 2,552,000 

Bin Cdnddent RMrlgem~on 
Temperature Wet-Bulb Hour ~ ~n Came 

(o~ (°~ (hour) (Stub) 
113 74 0.O O 
108 72 8.0 366,750 
103 70 53.0 366,750 
95 68 159.0 366,750 
93 66 287.0 366,750 
88 66 364.0 366350 
83 63 457.0 366,750 
78 61 581.0 366,750 
73 59 707.0 366,750 
65 56 804.0 366,750 
63 53 985,0 366,750 
58 50 1100.0 366,750 
53 47 1098.0 366,750 
48 43 902.0 366,750 
43 40 681.0 366,750 
38 36 397.0 366,750 
33 32 159.0 366,750 
28 27 32.0 366,750 

Application 
Factor 

(unRle.) 

Cldcutatad Equlvldent 
AppHoatJon Btuh mJecte¢l Compressor 

Factor, Check for calm Load Efficiency, EER 
(unltleas) (Btuh) 

0.0 0 
0.7 366 750 
O.7 366 750 
0.7 366 750 
0.7 366 750 
0.8 366 750 
0.8 366 750 
0.8 366 750 
0.8 366 750 
O.8 366 750 
0.8 366 750 
0.8 366 750 
0.8 366 750 
0.8 366 750 
0.8 366 780 
0,8 366 750 
0.8 368 750 
0.8 366 750 

Comprelleor 
Conwm~fon etuh r~lo=~ 
Constant due to work 

(Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 
0.00 0 0 
7.88 3,413 158,847 
8.46 3.413 147.957 
9.04 3.413 138,464 
9.73 3.413 128.645 
10,31 3.413 121.408 
10.98 3,413 114,000 
11.67 3.413 107,259 
12.47 3,413 100,378 
13.46 3.413 92,995 
14.49 3.413 88,395 
15.51 3.413 80,704 
15.51 3.413 80,704 
16.51 3.413 80,704 
15.51 3.413 80,704 
15.51 3,413 80,704 
15.51 3.413 80,704 
15.51 3.413 80,704 

CatcuJetsd 
Btuh Rejected, 

Check 
(Btuh) 

0 
525,597 
514,707 
505,214 
495,395 
455,379 
449,970 
445,049 
440,026 
434,637 
429,811 
425,664 
426,664 
425,664 
428,664 
425.664 
425,664 
425,664 

Load Factor 
(unitless) 

0.00 
1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

C..,o~l'tp(iBqNIOr 
Energy Use 

(kWh) 
(kWh) 

0 
372 

2,298 
6,451 
t0,818 
9,452 
11,143 
13,329 
15,179 
15,992 
17,930 
18,988 
18,953 
15,570 
11,755 
6,853 
2,745 
552 

178.280 
46.54 

Application 
178,274 

47 
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AC, Measum#2 

Condenser Capacity 2,552,000 Btuh 
ice Crtmm Condensing Circuits 3 circuits 
LT#1 Condensing Circuits 12 circuits 
LT#2 Condonstng Circuits 0 circuits 
MT#I Condensing Circuits 7 circuits 
MT#2 Condensing Circuits 21 circuits 
AC Condensing Circuits 9 circuits 
Total Circuits 52 

Btuh Capacity 
147,231 
588,923 

0 
343,538 

1,030,615 
441,692 

2,552,000 

Bin Coincident 
Temperature Wet-B~b Hour per bin 

(=F) (°F) (houm) 
113 74 O.O 
108 72 8.0 
103 70 53.0 
98 66 159.0 
83 66 287.0 
88 66 364.0 
83 63 457.0 
78 61 681.0 
73 59 707.0 
68 56 804.0 
63 53 985.0 
58 50 1100.0 
53 47 1098.0 
48 43 902.0 
43 40 681.0 
38 36 397.0 
33 32 159.0 
28 27 32.O 

ACLoed 
(tons) 
0.00 

20.00 
18.57 
15.71 
12.86 
10.00 
7.14 
4.29 
1.43 

AC Load 
(Btuh) 

0 
240,000 
222,840 
188,520 
154,320 
120,000 
86,880 
51,480 
17,160 

Equivalent Compreesor 
BtuhreJected Compreuor Conversion Btuhrejected 

f~  AC Effidercy, EER Con~ant due towo~ 
(Bluh) (Btu/WaH-hr) (Btu/WaH-hr) (Btuh) 

0 0.00 0 0 
240,000 13.91 3.413 58,887 
222,840 15,80 3.413 48,136 
188,520 18.01 3.413 35,726 
154,320 20.59 3,413 25,580 
120,000 23.66 3.413 17,310 
85,680 28.10 3,413 10,407 
51,480 34,05 3,413 5,160 
17,160 37.08 3.413 1,579 

CaJcu~ated 
Btuh 

Rejected, 
Ched¢ 
(Btuh) 

0 
298,887 
270,976 
224,246 
179,900 
137,310 
96,087 
56,640 
18,739 

Load Factor 
(unltleu) 

1.00 
1.00 
1,00 
1.00 
1,00 
1.00 
1.00 
1.00 

kWh= 
kWh= 

Corrl~:N'~lsor 
Energy Use 

(kWh) 
(kWh) 

0 
138 
748 

1,664 
2,151 
1,846 
1,393 
878 
327 

9,146 
17.25 

Application 
4,058 
12.4 
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Condenser, Measure #2 

Condenser Capacity 2,552,000 
Ice Cream Condensing Circuits 3 
LT#1 Condensing Circuits 1 2 
LT#2 Condensing Circuits 0 
MT#1 Condensing Circuits 7 
MT#2 Condensing Circuits 21 
AC Condensing Circuits 9 
Total Circuits 52 

Btuh 
circuits 
circuits 
circuits 
circuits 
circuits 
circuits 

Btuh Capacity 
147,231 
588,923 

0 
343,538 

1,030,615 
441,692 

2,552,000 

Bin Coincident AC Heat 
Temperature Wet-Bulb Hour per bin Rejection 

(°F) (°F) (hours) (Btuh) 
113 74 0.0 0 
1 08 72 8.0 298,887 
1 03 70 53.0 270,976 
98 68 159.0 224,246 
93 66 287.0 179,900 
88 66 364.0 137,310 
83 63 457.0 96,087 
78 61 581.0 56,640 
73 59 707.0 18,739 
68 56 804.O 0 
63 53 965.0 0 
58 50 1100.0 0 
53 47 1098.0 0 
48 43 902.0 0 
43 40 681.0 0 
38 36 397.0 0 
33 32 159.0 0 
28 27 32.0 0 

Refrigeration 
Heat 

R~ection 
(Btuh) 

0 
936,188 
914,960 
896,896 
874,134 
800,036 
788,701 
778,304 
768,625 
758891 
750 415 
744 783 
744 783 
744 783 
744 783 
744 783 
744 783 
744 783 

Condenser 
Load Factor 

(unitless) 

Calculated Total Heat 
Condenser Rejection 

Load Factor, Total Heat from the 
Check Rejection Application 

(unitless) (Btuh) (MBtuh) 
0.0 0 0 
2.1 1,235,075 1,153 
2.2 1,185,936 1,106 
2.3 1,121,142 1,042 
2.4 1,054,034 982 
2.7 937,346 927 
2.9 884,787 872 
3.1 834,944 821 
3.2 787,365 843 
3.4 758,891 811 
3.4 750,415 798 
3.4 744,783 791 
3.4 744,783 791 
3.4 744,783 791 
3.4 744,783 791 
3.4 744,783 800 
3.4 744,783 700 
3.4 744,783 600 

Total Heat 
Rejection 
from the 

Application 
(Btuh) 

0 
1,153,000 
1,106,000 
1,042,000 
982 000 
927 000 
872 000 
821 000 
843 000 
811 000 
798 000 
791 000 
791 000 
791 000 
791 000 
8O0 000 
7O0 000 
600 000 

Total Rejected 14,763,413 14,619 14,619,000 
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Ice Cream, Mee.surs 81 

Condenser Capacity 2,552.000 Btuh 
Ice Cream Condensing Circuits 3 circuits 
LT#1 Condensing Circuits 12 circuits 
LT#2 Condensing Circuits 0 circuits 
MT#I Condemdng Circuits 7 circuits 
MT#2 Condensing Circuits 21 circuits 
AC Condensing Circuits 9 circuits 
Total Circuits 52 

BtuhCapac~ 
147,231 
588,923 

0 
343,538 

1,030,615 
441,692 

2.552,000 

Bn Coincident 
Teml~ra~m Wet-Bulb Hour per ~n 

('~ ~ (hour) 
113 74 0.0 
108 72 B.0 
103 70 53.0 
98 68 159.0 
93 66 287.0 
88 66 364.0 
83 63 457.0 
78 61 581.0 
73 59 707.0 
68 56 804.0 
63 53 965.0 
58 50 1100.0 
53 47 1098.0 
48 43 902.0 
43 40 681.0 
38 36 397.0 
33 32 159,0 
28 27 32.0 

R~r~era~on 
Cm Load 

(muh) 
0 

31,833 
31,833 
31,833 
31,833 
31,833 
31,833 
31,833 
31,833 
31,833 
31.833 
31,833 
31,833 
31,833 
31,833 
31.833 
31,833 
31,833 

AppUoatJon 
Factor 

(unltless) 

Calculsted Eq~Jlvalent Comlxetmor 
Applloa~0¢l Bluh rejected ~ Convention Btuh rqected 

Factor, Check ~r ca~ Load Effk:kmcy, EER Consent due ~ work 
(unltless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.0 0 0.00 0 0 
2.5 31,833 3.90 3.413 27,858 
2.6 31,833 4.20 3.413 25,868 
2.6 31,833 4.50 3.413 24,144 
3.0 31,833 4.70 3.413 23,116 
3.0 31,833 4.70 3,413 23.116 
3.0 31,833 4.70 3.413 23,116 
3.0 31,833 4.70 3.413 23,116 
3.0 31,833 4.70 3.413 23,116 
3.0 31,833 4.70 3.413 23,116 
3.0 31,833 4.70 3.413 23,116 
3.0 31,833 4.70 3.413 23,116 
3.0 31,833 4.70 3.413 23,116 
3.0 31,833 4.70 3.413 23.116 
3.0 31,833 4.70 3.413 23,116 
3.0 31,833 4.70 3.413 23,116 
3.0 31,833 4.70 3.413 23,116 
3.0 31,833 4.70 3.413 23,116 

Calou~tsd 
Btuh Rejected, 

Check 
(Btuh) 

0 
59,691 
57,701 
55,977 
48.708 
48,708 
48,708 
48,708 
48,708 
48.708 
48,708 
48,708 
48,708 
48,708 
48,708 
48,708 
48,708 
48,708 

Load Factor 
(unltless) 

0.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

CorftprlNNIor 
EnerW Uae 

(kWh) 
(kWh) 

0 
65 

402 
1,125 
1,419 
1,800 
2,260 
2,873 
3,496 
3.975 
4,771 
5,439 
5,429 
4,460 
3,387 
1,963 
785 
158 

43,786 
8.15 

Application 
43,820 

8 
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LT#I, Measure #1 

C o W  Capadty 2,552,000 Btuh Btuh Capacity 
Ice Crmm,. Condensk,.g Circuits 3 clrou|ts 147,231 
LT#I Condensing Circuits 12 circuits 588,923 
LT#2 Co~tdensing Circuits 0 circuits 0 
MT#1 Condemdng Circuits 7 circuits 343,538 
MT#2 Condemdng Clmuits 21 circuits 1,030,615 
AC Condeflsing Ciroults 9 circuits 441,892 
Total Circuits 52 2,552,000 

Bin Coin<ddent 
Temloeratum Wst-Bulb Hour ~ ~n 

~ ~ (hours) 
113 74 0.0 
108 72 8.0 
103 7O 53.0 
98 68 159.0 
93 66 287.0 
88 66 364.0 
83 53 457.0 
76 81 581.0 
73 59 707.0 
68 56 804.0 
63 53 965.0 
58 50 1100,0 
53 47 1098.0 
48 43 902.0 
43 40 681.0 
3B 38 397.0 
33 32 159.0 
28 27 32,0 

R~dgera6~ 
CaseLoad 

(Btuh) 
0 

107 318 
107 318 
107 318 
107 318 
107 318 
107 318 
107 318 
107 318 
107 318 
107 315 
107 318 
107 318 
107 316 
107 318 
107 318 
107318 
107 316 

Appacation 
Factor 

(unltless) 

C41k~ulsted Equlyakmt Estimated Comlxem. 
Application Btuh rejected C o n m o ¢  Co~vm,,don Btuh rejected 

Factor, Chect( for calm Loed Efficiency, EER Constant due to work 
(unitless) (Bluh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.0 0 0.00 0 0 
3.2 107,318 4.76 3.413 76,949 
3.3 107,316 5.05 3.413 72,530 
3.4 107,318 6.35 3.413 68.463 
3,4 107,318 5.40 3.413 67,829 
3.8 107.318 5.40 3.413 87,629 
3.8 107,318 5.40 3,413 67,529 
3.8 107,318 5.40 3.413 67,829 
3.8 107,318 5.40 3,413 67.529 
3.8 107,318 6,40 3.413 67,829 
3.8 107,318 5.40 3.413 67,829 
3.8 107,318 6.40 3.413 67,829 
3,8 107,318 5.40 3.413 67,829 
3.8 107,318 5.40 3.413 87.829 
3.8 107,318 5.40 3.413 67,629 
3.6 107,318 5.40 3.413 67,829 
3.8 107,318 5.40 3.413 67,829 
3.8 107,318 5.40 3.413 67,629 

Calculated 
Btuh Rejected, 

Check 
(Btuh) 

0 
184,267 
179,548 
175,781 
175,147 
158,833 
156,833 
166,833 
156.833 
158,833 
156.833 
156,833 
156,833 
158.833 
156,833 
156.633 
166,833 
156,633 

Load Fect~ 
(unltlelm) 

0.00 
1,00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

Comprmor 
Energy Um 

(kWh) 
(kWh) 

0 
180 

1,126 
3,189 
5.704 
5,281 
6,630 
8,429 
10,257 
11,664 
14,000 
15,959 
15,930 
13,066 
9.860 
5.760 
2,307 
464 

129.846 
22.55 

Application 
129,734 

23 
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MT#1, Measure #1 

Condemmr Capacity 2,552,000 Btuh Btuh Capacity 
Ice Crlmm C,o¢'~densir~ Circuits 3 clrcu|tl 147,231 
LT#1 Condensing Circuits 12 circuits 588,923 
LT#2 Condensing CIrcuttl 0 circuits 0 
MT#I Cxx'~:lensing Circuits 7 circuits 343,538 
MT#2 Condensing Clmults 21 ciroultl 1,030,615 
AC Condensing Circutts 9 circuits 441,692 
Total Circuits 52 2,552,000 

Bin Coincident Retdgeretlon 
Tempereture Wet-Bulb Hour per bin Case Load 

C'F) (oF) (houri) (Btuh) 
113 74 0.0 0 
108 72 8.0 115,300 
103 70 53.0 115,300 
98 68 189.0 115,300 
93 66 287.0 115,300 
88 66 364,0 1 '15,300 
83 83 467.0 118,300 
78 81 581,0 115,300 
73 59 707,0 115,300 
68 56 804.0 115,300 
83 53 965.0 115.300 
58 50 1100.0 115,300 
53 47 1098.0 115,300 
48 43 902.0 115,300 
43 40 681.0 115.300 
38 38 397.0 115,300 
33 32 159.0 115,300 
28 27 32.0 115,300 

Appllcetlon 
Faclor 

(unltlesl) 

Calcuklmd Equivalent Comlxlmor 
AppScallon Btuh rejected Compnmor Conversion Btuh rejected 

Factor', Check for case Lmld Efficiency, EER Comttant due to work 
(unltlese) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.0 0 0.00 0 0 
0.0 115,300 7.38 3,413 53,322 
0.0 115,300 8.01 3.413 49,128 
0.0 115.300 8.53 3.413 48,134 
0.0 115,300 9.05 3.413 43,483 
0.0 115.300 9,15 3.413 43.008 
0.0 115,300 9.15 3.413 43,008 
0.0 115,300 9.15 3.413 43,008 
0.0 115,300 9.15 3.413 43,008 
0.0 116,300 9.15 3,413 43,008 
0,0 115.300 9,15 3.413 43.006 
0,0 115,300 9.15 3.413 43,008 
0.0 115,300 9.16 3.413 43,008 
0.0 1 ] 5,300 9.15 3.413 43,008 
0.0 115,300 9.15 3.413 43,008 
0.0 115.300 9.15 3.413 43,008 
0.0 115,300 9.15 3.413 43,008 
0.0 115,300 9.15 3.413 43,009 

C, etl:ulated 
Bluh Rejects, 

Check 
(Btuh) 

0 
168,622 
164,428 
161,434 
158,783 
148.695 
148,696 
146,895 
148,695 
146,695 
146.695 
146,696 
t46,695 
148.695 
146,695 
148.695 
146,695 
146,695 

Load Factor 
(unltless) 

0.00 
1,00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kWh= 

C~:tnlxelMior 
Energy Use 

(kWh) 
(kWh) 

0 
125 
763 

2,t49 
3,658 
3,348 
4,204 
5,345 
6,504 
7,396 
8,877 
10,119 
10,100 
8,297 
6.284 
3,652 
1.463 
294 

82,556 
15.62 

Application 
82,530 

18 
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MT#2, Measure # 

Condenser Capacity 2.552.000 Btuh Btuh Capacity 
Ice Cream Condensing Circuits 3 circuits 147,231 
LT#I Condenolng Circuits 1 2 circuits 588,923 
LT#2 Cc¢~erle/ng Circuits 0 circuits 0 
MT#I Condemdng Circuits 7 circuits 343,535 
MT#22 Condenslllg Circuits 21 circuits 1,030,515 
AC Condensing Clmults 9 circuits 441,692 
Total Cimults 52 2,552,000 

Bn Coincident Refdgem,on 
Temt0emtum Wet-Bulb Hour per ~n Case Load 

113 74 0.0 0 
108 72 8.0 366,750 
103 70 53.0 366,750 
98 68 159.0 366,750 
93 66 287.0 366,750 
68 66 364.0 366,750 
83 63 457.0 366,750 
76 61 581.0 366,750 
73 59 707.0 366,750 
68 56 804.0 366,750 
63 53 985.0 366,750 
58 50 1100,0 366,750 
53 47 1098.0 366,750 
48 43 902.0 366,750 
43 40 681.0 366,750 
38 36 397.0 366,750 
33 32 159.0 366,750 
28 27 32.0 366,750 

AppJIcaUon 
Factor 

(unitless) r C&lculated EqulvaJent Compressor 
App/IoaUon Btuh rejected Compressor Convemlon Btuh mJectec 

Factor, Check for case Load E~e~cf, EER Conslant due to wo~ 
(unities=) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh) 

0.0 0 0.00 0 0 
2.0 366,750 7.88 3.413 158,847 
2,0 366,750 8.46 3.413 147,957 
2.0 366.750 9.04 3,413 138,464 
2.1 366,750 9.73 3,413 128,648 
2.2 366.750 9.85 3.413 127,076 
2.2 368,750 9,85 3.413 127,076 
2.2 366,750 9.85 3,413 127,078 
2.2 366,750 9,85 3.413 127,078 
2.2 366,750 8.~5 3.413 127,076 
2.2 366,750 9.85 3.413 127,078 
2.2 366,750 9.85 3.413 127,078 
2.2 366,750 9.85 3.413 127,078 
2.2 366,750 9.85 3.413 127,078 
2.2 366,750 9.85 3.413 127,078 
2.2 386,750 9.85 3.413 127,078 
2,2 366,750 9.85 3,413 127,078 
2,2 366,750 9.85 3.413 127,078 

C~culated 
• uh Rejected, 

Check 
(Btuh) 

0 
525,587 
$14,707 
505,214 
495,395 
459.517 
459,517 
459,517 
469,517 
459,517 
459,517 
459,517 
459,517 
459,517 
459.517 
459.517 
459,517 
459,517 

Load Factor 
lunitlsss) 

0.00 
1.00 
1.00 
1.00 
1.00 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0,73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 

kWh= 
kwh= 

Compressor 
Energy Uoa 

(kWh) 

0 
372 

2,295 
6,451 
10,818 
9,894 
12,421 
15,792 
19,217 
21,863 
28,229 
29,899 
29,844 
24,517 
18,510 
10.791 
4,322 
870 

244,09~ 
46,54 

Application 
244,122 

47 
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AC. Measure #1 

Condenser Capacity 2,552.000 Btuh Btuh Capacity 
Ice Cream Condensing Circuits 3 circuits 147,231 
LT#1 Condenedng Circuits 12 circuits 588,923 
LT#2 Condensing Circuits 0 cirouite 0 
MT#1 Condensing Circuits 7 circuits 343,538 
MT#2 Cocldeoatng Circuits 21 circuits 1,030,615 
AC Condensing Circuits 9 circuits 441,692 
Total Circuits 52 2,552,000 

Bin Coincident 
Temperature Wet-Bulb Hour per bin 

('F) (°F) (hours) 
113 74 0.0 
108 72 8.0 
103 70 53.0 
98 68 159,0 
93 66 287.0 
88 66 364.0 
83 63 457.0 
78 61 581.0 
73 59 707.0 
68 56 804.0 
63 53 965.0 
58 50 1100.0 
53 47 1098.0 
48 43 902,0 
43 40 681.0 
38 36 397.0 
33 32 159.0 
28 27 32.0 

Equlvakmt Gompre~or 
Btuh rejected Compressor Conver~on ~uh rejected 

AC Load AC Load f~  AC Effidency, EER Conste~ due ~ won 
(tons) (Btuh) (Btuh) (Btu/Wstt-hr) (Btu/Waff-hr) (Btuh) 
0.00 0 0 0.00 0 0 

20,00 240,000 240,000 11.07 3.413 73,995 
18.57 222,840 222,840 12.64 3.413 60,170 
15 .71  188,520 188,520 14.85 3.413 43,328 
12.86 154,320 154,320 17,06 3.413 30,873 
10.00 120,000 120,000 17.69 3.413 23,152 
7.14 85,680 85,680 17.69 3.413 16,531 
4.29 51,480 51,480 17.69 3.413 9,932 
1.43 17,160 17,160 17.69 3.413 3,311 

C=¢ulmed 
Btuh 

R~ested, 
Check 
(Btuh) 

0 
313,995 
283,010 
231,848 
185,193 
143,152 
102,211 
61,412 
20,471 

Load Factor 
(unitlees) 

0.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1,00 

Compressor 
Energy Use 

(kWh) 
(kWh) 

0 
173 
934 

2,018 
2,596 
2,469 
2,213 
1,691 
686 

kWh= 12,782 
kWh= 21.68 

Application 
12,292 
21.7 

Notes 
The application assumes a lower AC load in the post-measure #2 retrofit condition. 
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Condenser, Measure #1 

Condenser Capacity 2,552,000 Btuh 
Ice Cream Condensing Clrcutts 3 circuits 
LT#1 Condensing Clmults 1 2 circuits 
LT#2 Condensing Circuits 0 circuits 
MT#1 Condensing Circuits 7 circuits 
MT#2 Condensing Circuits 21 circuits 
AC Condensing Circuits 9 circuits 
Total Circuits 52 

Btuh Capadty 
147,231 
588,923 

0 
343,538 

1,030,615 
441,692 

2,552,000 

Bin Coincident AC Heat 
Temperature Wet-Bulb Hour per bin Rejection 

(°F) (°F) (hours) (Btuh) 
113 74 0.0 0 
108 72 8.0 313,995 
103 70 53.0 283,010 
98 68 159.0 231,848 
93 66 287.0 185,193 
88 66 364.0 143,152 
83 63 467.0 102,211 
78 61 581.0 61,412 
73 59 707.0 20,471 
68 56 804.0 0 
63 53 965.0 0 
58 50 1100.0 0 
53 47 1098.0 0 
48 43 902.0 0 
43 40 681.0 0 
38 36 397.0 0 
33 32 159.0 0 
28 27 32.0 0 

RefdgemUon 
Heat R~ectlon 

(Btuh) 
0 

938,178 
916,685 
898,405 
878,033 
811,753 
811,753 
811 753 
811 753 
811 753 
811 753 
811753 
811753 
811753 
811753 
811 753 
811,753 
811,753 

Condenser 
Load Factor 
(unltless) 

Calculated 
Conaenser 

Load Factor, 
Check 

(unitless) 
0.0 
2.0 
2.1 
2.3 
2.4 
2.7 
2.8 
2.9 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 

Total Rejected 

Total Heat 
Rejection 

(Btuh) 
0 

1.252,172 
1,199,695 
1,130,253 
1,063,226 
954,905 
913,964 
873,166 
832,224 
811,753 
811,753 
811,753 
811,753 
811,753 
811,753 
811,753 
811,753 
811,753 

15,525,385 

Total Heat Total Heat 
Rejection from Rejection from 

the 
Application 

(MBtuh) 
0 

1,243 
1,191 
1,125 
1,068 
1,025 
984 
944 
903 
882 
882 
882 
882 
882 
882 
80O 
700 
600 

the 
Application 

(Btuh) 
0 

1,243,000 
1,191,000 
1,125,000 
1,068,000 
1.025,000 
984 000 
944 000 
903 000 
882 000 
882 000 
882 000 
882 000 
882 000 
88,~ 000 
800,000 
700,000 
600,000 

15,875 15,875,000 Heat rejection differences are significant 
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Measure #2 Summary of Findings 

Measure # Evaluation Compressor Savings Pre-Retrofit Post-Retrofit Demand Pre-Retrofit Measure # 
Ice Cream Condensing Circuits Demand Demand Savings Post-Retrofit Energy 
LT#1 8,16 7.58 Energy Energy Savings Condensing Circuits 22.55 0.58 43,786 31,978 11,808 
MT#f Condensing Circuits 22.55 0.00 129,846 94,3 y5 35,531 
MT#2 Condensing Circuits 15, 62 15.62 0.00 82.558 60.791 21.765 
AC Condensing Circuits 46.54 46.54 0.00 244,096 178,260 65,8 ! 6 
Total 2 I. 66 17.25 4.43 f 2,782 9, 146 

Total Refer w/Compressor 113.50 5.01 kW 3,636 

425,45~ f 38,555 

A.pPlioat/on Compressor Savings Measure # 
Pre-Retrofit Post-Retrofit Demand Pre-Retrof/t Post-Retrofit Energy Ice Cream Condensing Circuits Demand Demand Savings Measure # 

8.00 8,00 Energy Energy Savings LT#1 Condensing Circuits 23.00 0.00 43,820 32,840 10,980 
MT#1 Condensing Circuits 23.00 0.00 129,734 94,312 35,422 
MT#2 Condensing Circuits 16.00 16.00 0.00 82,530 60,973 21,557 
AC Condensing Circuffs 47.00 47.00 0.00 244,122 176 274 
Total 21.70 12.40 9.30 12,292 ' 65,846 

9.30 kW 4,058 8,234 
142,041 

~Wh 

kWh 

Measure # Measure # Pro Post- Condenser Difference in 
Pre-Retrofit Post.Retrofit Demand Pre-Retrofit Post-Retrofit Savings Rejection Rejection Rejection Energy Condenser Condenser Heat ApPlioaton Condenser Analysis Demand Demand Savings Energy Energy (kWh) (Btuh) (Btuh) (Btuh) 

Condenser Fan Use 21.00 21,00 0,00 65,532 59,499 6,033 15,875,000 14,619,000 1,256,000 

Measure 
Energy 

Difference in Savings per 
Pre- Post- Condenser Condenser Condenser COndenser Heat 

Evaluation Condenser Analysis Rejection Rejection Rejection Heat 
Condenser Fan Use (Btuh) (Btuh) (Btuh) Rejection 

' ~  (kWh/Btuh) Post-Energy 14,763.413 761,972 3,660 60,087 PostDemand 
21.2074476 

0.00406998 1-4365E-06 

Measure 
Energy 

Savings per 
Condenser 

Heat 
Reject/on 

(kWl'VBtuh) 
0.00 
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Site ID#: 390 
Check# 63398 
Measure EMS for store li~htin~ and refrigeration system; new condenser 

Measure 
Description: 

Summa ry of 
Calculations in the 
Original 
Application: 

Comments on 
Calculations: 

Evaluation Process: 

Additional Notes: 

Action code 453, refrigeration EMS. 

Savings are estimated in this application for improved compressor 
efficiency resulting from a reduced minimum condensing 
temperature setpoint. 

Additionally, the EMS controls refrigerated case anti-sweat heaters. 

Also, a new evaporative oversized condenser was installed. 

This application is well documented and clearly explains the 
proposed retrofit at this grocery store and all assumptions regarding 
the associated savings. 

In conjunction with the refrigeration retrofits covered under this 
application, store lighting systems were also retrofit with high 
efficiency technologies. 

An on-site audit of this facility has shown that all equipment 
specified in the application were installed. 

Condensing temperatures measured at the time of this audit indicate 
that a floating head control strategy is used for the condenser. 
Condensing temperature leaving the condenser (before liquid 
subcooling) ranged from 63 °F to 65 °F, while ambient dry bulb 
conditions were 52 °F. These measurements suggest a minimum 
condensing setpoint below the assumed 70 °F application value. 

The final impact verification consisted of a billing comparison. 
Billing records clearly show an impact following this retrofit that is 
at least as large as claimed savings. Impacts in the application were 
adopted as the evaluation estimate of savings. 

An on-site inspection of this facility was conducted with Pam Funk 
on October 18, 1 996. The did not provide useful site contact 
information. However, an equipment inventory was conducted, 
and R-22 refrigerant conditions were measured during this 
inspection (discharge, suction and condensate temperatures). 

Quantum Consulting Inc. B.6.3-1 Engineering Detailed Computational Methods 



Impact Results for Site ID# 390 

Application 

MDSS 

kW 

0.94 

0.94 

kWh 

188,633 

188,633 

Therm 

0 

0 

Evaluation Estimates 0.94 188, 633 0 

Engineering Realization 1.00 1.00 NA 
Rate 

NA 308,747 Customer Billing 
Summary 

Quantum Consulting Inc. B.6.3-2 Engineering Detailed Computational Methods 



BILL0390 

Monthly Energy [ r J 
Site ID Year ' 1 2 3 ' 4 5 6 i 7 8! 9 10 i l  12 Calander Oct-Sept ! 

- 3901 1992 ! 173,120 191,400 202,733 ~ 198,376 223877 221,6501 229,605[ 230742 227357 2228~44 198753 2031011 2~g-~559 T 
390 ~993i 177,865 19i,758 ~iB,9~2Z 18<148 208~805 2i3,28~ 228,897! i2~676~ 2~e.146~ 2i0~037 26~3~ 206,~90i 2',.~6(,376 2505,~631 
390 1994 184258 1801492 I 202~176 195,714 207,920 205,926 i 2i0797 i 194,870 i 182'1689:17,4,~1- ~ . _ ~ _  ~ 2,272,155 2 , ~ 2 ~  95% 
3901 1995! 133,4,16-0 143,,440:155~640 152,417 1-581023 i60148-0 176,855, i7~59-3--1 ~ 162~65- 157,95~ ~ 1,910,760 1,93'6,9~-| 77%o 
390! 1996] 157~560 14£397: 1561625 :1511063 162,155j 171,097] 1991943 7 9 ~ 7 3 0 [ - 1 7 5 ~  . . . . .  - ~  ~ [ I-~21,720 20021806~ 80% 

Month y Max Demand ! ! ! - --~ - - . . . . . . . . .  ~ - - - 
: • ! ~ I r -I . . . . . . . . . .  ~ . . . . .  Y S,te ID Year I 2 3 4 5 6 7 8F 9 10 - -  i i l  - 1~TMax.m m 

- . ' ~ i ' [ . . . . . . . . . .  Lui 
390~ 1992~ 328 328 330 387! 386 392 3921 4101 39~ 382 ~soii 3 ~  410 ~ [ 
390 ~ 19931 32 I 328i 309' 333] 370[ 3891 395] 395T 342i ~3~ 3-651 3307 3 ~  [ 

390T 1995~ 285] 2?7] 275[ 277[ 294J 334[ 342! 336[ 331[ 285 I - -  ~ 288] 342 ~ / 
390T 1996[ 285~ 298~ ,288 280 293 / 277! ,299T 306~ 346~ ~--~  - - ~  :3~g~ ! ~ ~ I 

:EnergyCOm_lparisonofqalendari~99~SandCalenl~art993: : ! ; ; : i ~ i Z i : ; : ; ~  i Z  211:::;2 1 ! 
i993-1995.=~ 59();6616 t k-Wh Saviir~ ~ r  year • : i i [ ~ ~ i ~ 

LightingRRetrofit i 28L869 ]kWh sa~,ings per year from appheaiion for lighting retrofit i ' I [ --  ~ , i 
1 308,747 ]est!mated additional savings aftei~ghtin~retrofit savings are~'emoved i ~ ~' ~ ' ~ ~ 
.__: Energy Comnpa , . _a rab le  to an c/in iact exceeds~thhe, claimed~savin ~ g S of 188,6-'3~ 3 kWl~/yea/~, ¢ :~. J~ ~r i~ i+~ ~-i 

'A caJe.n~dar },ear-i 993 ~.,s 1~corp~arison was selected since the prolect'completion [date was n0~ until Augu!t of 1994. ~ ! L 
i Note that a 1992 base year yiel~a similar savings estimate• ' ' : ~ i ! ' " 

Because the demand sav,ngs are so small for the-iefrigeration portion of this retrofi b no demand comparison using billing ciata was deemed necess~. ~ . [ ! 
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Site ID#: 396 
Check # 63879 
Measure EMS, new evaporative condenser, floating head pressure controls, anti- 

sweat heater controls, HID retrofit, and VFD for condenser fans 

Measure 
Description: 

Summa ry of 
Calculations in the 
Original 
Application: 

Comments on 
Calculations: 

Evaluation Process: 

Additional Notes: 

Action code 478, oversized condensers. Retrofit, however, more 
extensive than just a condenser measure. 

Savings are estimated in this application for improved compressor 
efficiency resulting from a reduced minimum condensing 
temperature setpoint (floating head pressure controls). 

Additionally, the EMS controls refrigerated case anti-sweat heaters. 

Lastly, condensing fans were intended to be retrofit with variable 
frequency drive (VSD) fan speed controls. 

This application is well documented and clearly explains the 
proposed retrofit at this grocery store and all assumptions regarding 
the associated savings. 

An on-site audit of this facility could not identify the location of the 
VFD serving the condenser. All other equipment were, however, 
installed according to the application records. 

Condensing temperatures measured at the time of this audit indicate 
that a floating head control strategy is used for the condenser. 
Condensate temperatures (before liquid subcooling) were measured 
below 70 °F, while ambient dry bulb conditions were 69 °F. These 
measurements are consistent with application minimum 
condensing setpoint assumptions. 

The final impact verification consisted of a billing comparison. 
Billing records clearly show an impact following this retrofit that is 
at least as large as claimed savings. Impacts in the application were 
adopted as the evaluation estimate of savings, following a reduction 
in claimed savings for the VFD measure. 

An on-site inspection of this facility was conducted with Les on 
October 23, 1996. The inspection included a thorough equipment 
inventory of the refrigeration systems, and R-22 refrigerant 
conditions were measured during this inspection (discharge, 
suction and condensate temperatures). 

Quantum Consulting Inc. B.6.3-3 Engineering Detailed Computational Methods 



Impact Results for Site ID# 396 

kW kWh Therm 

Application 24.7 244,994 0 

MDSS 24.7 244,994 0 

Evaluation Estimates 24.7 222,466 0 

Engineering Realization 1.00 0.91 NA 
Rate 

16 Customer Billing 
Summary 

325,213 

Quantum Consulting Inc. B.6.3-4 Engineering Detailed Computational Methods 



BILL0396 

Monthly Energy 
Site_lD Year 

396 
396! 
396! 

I 

396: 
Monthly Max Demand t 
S!~=ID Year i 11 2i 31 

396 1992 344! 3631 378! 
396[ 1993 370~ 402[ 403 
~96] 1994! 346 ~891~ 389• 
396] 1995! 352 307[ 304[ 

i 

I 2 3 4 5 6 
1992 207,365 204,352~ 218,772 202,232 239,796 225.680 
1993 198,280 199,920 I 227,875:218,696 i 231,469 230.436 
1994 186,912 202,423 223,465 215,570! 234,201 228,221 
1995 t 181,440 170,624 I 185,330 182,136 I 191,314' 189.961 

4[ 5 ~ 
379: 376[ 
389 402, 
3861 402i 
315 331 i 

7 8 9 10 I 11 ' 12 Calander Oct-Sept ' 
233,988 232,252 228,169 r 228,805 ~ 05,382 [ 215,462 [ 2,642,255 - T 
241,077 ; 241 419 i 226,2901 2271220] 17,-9633 [ 212,006 I 2,6721651 I 2,665,110 o 
236,058:245,630 ' 23S,7821 235,3"7'4] 23t6981 226~026I 2,693,3601 2~665,491" IOOYo 
198.555 i 19.4.3-31' 199,539~ 2~,77-_0 ~ 10,7351 21~,175[ 2j324,916~ 2,378,328' 89~'o 

397 • 403 403 403] 3921 3901 390r 403 [ 
406 406 418 384~ ~ 3921 39-7T 418 7 [ 

" 3477 362 387 3~61 387 ~ ! 355! 342 3421 ~2 [  _._Z! 

L ' 

Energy Comparison of Calendar 199~5 and Calendar 1993: ! 

i993-1995= I 347r741 [kWh savings per year 
VSD for C°ndenserl 325~2122tS283 ~ kWhreducti°nsavi ngsin kWhper yearSaVingSafterdUevsDt°red~ctioninC°mj~lete vsD• retrofit tcould not find VSD durinng On-site audit ~ ~ ~T 

Energy Comparable toe and in fact e:~ceeds the claimed savings of 244,9',~4 kWh/year" - - 

~(325,213 kWh) / 2,672,651 kWh [ 
12% T Savingss tothe 1995 b II I 

l Notethat a 1992 or 1994 base year yields a similar savings e~stimate. 

I * [ 

)emand Comparison of Calendar 1995 and Calendar 1993: I 

Max 1993-1996= 16 kW J 
TDemandc0mparable to-the claimed savings of 2~.7 kW r 

Note that a 1994 base would yield a closer estimate of 31 kW. 
• - -  T ' 

i(16 kW//4003 kw 
4% Savings to the 1993 bill~ 

- -  L 

• L 
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Demand Chart 
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Site ID#: 657 
Check # 62974 
Measure Ener~v 

Measure 
Description: 

Summary of 
Calculations in the 
Original 
Application: 

Comments on 
Calculations: 

~r~y Management System and Control Optimization 

An Energy Management System (EMS) was installed at a large 
industrial refrigeration company; action code 453. The EMS serves 
117,185 sq ft of refrigerated warehouse, with three engine rooms 
driving the R-71 7 ammonia system. This warehouse processes, 
cools and freezes vegetables, meat, fish and juice concentrates. The 
application states that the control system saves energy using the 
following strategies: floating head pressure, floating suction 
pressure, evaporator coil defrost optimization, and evaporator fan 
control. 

Bin models were developed to estimate, warehouse loads (surface 
gains and losses) -- in conjunction with product load estimates, and 
equipment energy use required to meet those loads -- condenser, 
compressor and evaporator energy use. Assumptions and model 
results are well documented. 

The EMS system installed (engine room #1, PLC-5) serves engine 
rooms #1 and #2 (compressors and condensers) and the 
refrigerated warehouse space controlled by those systems 
(including evaporators). However, the original application also 
indicates that this EMS system serves engine room #3 systems; 
information provided by the on-site contact has shown that 
although engine room #3 systems will eventually be controlled by 
the PLC-5 unit, this portion of the retrofit has not yet been 
completed (engine room #3 is currently served by a separate 
control system installed in 1989). 

Additionally, the following issues were noted surrounding the 
application calculations: 

Surprisingly, evaporator loads, according to the bin models, are 
often larger than the compressor loads. Pre-retrofit demand 
estimates for the evaporator systems are based upon undiversified 
evaporator fan use in the pre-retrofit condition. 

• The modeled compressor and evaporator energy usage shows 
evaporator loads that are greater than compressor loads. 
Impacts are based upon the following percentage contributions 
to the total refrigeration load: 

Pre-Retrofit Usage Post-Retrofit Usage 

Compressors 36% 34% 

Evaporators 62% 59% 

Condensers 2% 5% 

Compressor loads appear small when compared against the 
equipment inventory for each engine room. For example, the 
largest modeled hourly baseline compressor load (excluding 
boosters) in engine room #1 is 195.9 kW out of 527 available 

Quantum Consulting Inc. B.6.3-5 Engineering Detailed Computational Methods 



Evaluation Process: 

kW, or just 37% of capacity. 

• Additionally, engine room #2 compressor loads never exceed 
46.7 kW, or just 18% of the 301.7 kW in total capacity. 

• Within engine room #1, booster compressors are also modeled 
with relatively low loads. The maximum observed booster 
compressor load is 31.6 kW out of a total available equipment 
connected load of 107 kW, or just 30% of capacity. 

• June pre- and post-retrofit engine room #2 energy use is set 
equal to zero using a monthly use factor that accounts for the 
portion of each system actually in use. 

• It appears that only 15% of the evaporator fan energy use 
contributes to the warehouse load. All of the evaporator fan 
energy use should contribute as heat load to the refrigerated 
space, not just the portion due to "motor inefficiency". 

The equipment listed on page 7.10 of the application were verified 
(though one Mycom compressor serving engine room #3 was 
added in April of 1996) 

Product loads were gathered for the one year period following 
installation of the EMS system (installation completed in September 
of 1995). 

PG&E 15 minute interval load data were acquired for this particular 
site, providing an additional source for model verification. 

According to those site contact records, 87,640,000 pounds of 
meat, juice concentrate and fruit were processed/stored at this 
facility during the period October 1995 through September 1996. 
These loads are significantly lower than application records 
assumed to estimate impacts -- 109,856,000 Ib of product. It is 
assumed that the product loads gathered on-site indicate a period of 
relatively low to average historic processing. 

No attempt was made to revise the application calculation records 
due to many of the issues noted above. For this reason, the 
evaluation process consisted of the following: 

Analysis of refrigerant operating setpoints during the year. A 
nine month sample of EMS data were provided by the site 
contact for selected weekdays (one per month) and for a smaller 
sample of Saturday and Sunday observations. These hourly 
EMS records provide ammonia refrigerant suction and discharge 
pressures, a binary evaporator defrost history, and warehouse 
room and outside air temperatures. These data have been used 
to verify both the application records and on-site records of 
refrigeration system operating setpoints. Additionally, 
condensing temperatures and outdoor temperatures were 
recorded during the on-site audit in order to verify the use 
floating head control strategies. Exhibits 657-1 and 657-2 
provide a summary of measured high-stage discharge pressures 
which indicate that summer discharge pressures that are 
roughly 10-25 psi higher than the winter values recorded. This 
suggests that floating head pressure controls are used. Exhibits 
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Additional Notes: 

657-3 and 657-4, however, show that suction pressures are not 
significantly variable during the year (and therefore with change 
in ambient temperature conditions). This suggests that 
application reports of floating suction control may not be used. 

Because the energy impacts for this retrofit were cited in the 
application as a 20% reduction in annual usage, and because 
application end-use models exhibit characteristics that may not 
accurately predict refrigeration equipment usage, evaluation 
analyses rely instead upon a billing analysis -- that is, a 
comparison of pre-retrofit and post-retrofit energy use. 

An on-site inspection of this facility was conducted on October 8, 
1996 with Tom Casey and Dave Apling, along with Clay Shmidt, a 
PG&E representative. 

During an interview with the facility engineer he stated that the 
discharge and suction settings for the refrigeration system have not 
changed since the installation of the EMS. The static discharge 
temperature (pre- vs post-retrofit) in turn suggests that the 
condensing temperature has not changed since the installation of 
the EMS system. The condensed ammonia at a given saturation 
pressure will have a fixed condensing temperature (due to the 
properties of pure ammonia at saturation temperature and pressure). 
Regardless of whether or not floating head pressure control 
strategies are used at this site, the fact that the discharge pressure 
has not been modified following the installation of EMS controls 
suggests that the condensing temperature also has not changed. 

In addition, automated evaporator defrost control strategies have 
been decommissioned since the installation of the EMS, in favor of 
manual defrost control. 

Quantum Consulting Inc. B.6.3-7 Engineering Detailed Computational Methods 



Impact Results for Site ID# 657 

kW kWh Therm 

Application 24 900, 322 0 

MDSS 24 900,322 0 

Evaluation Estimates 0 0 0 

Engineering Realization 0 0 NA 
Rate 

Customer Billing 
Summary 
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Exhibit 657- I 

Engine Room #1 Discharge Pressure Comparis 
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Enginer Room #2 Discharge Pressure Comparis 
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Exhibit 657-2 
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Exhibit 657-3 

Engine Room #1 Suction Pressure Comparis 
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Exhibit 657-4 

Engine Room #2 Suction Pressure Comparis 
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Demand Chart 
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HILl ()n;7 

Site! D FYear " ! i 2 3 
657i 19921 169,431 / 221,799 234,847 
657! i99.3[ 195.9761 287927 342983 1 
657 1994~ 192,581 I 249,122; 285,786 
657~ i995~ 198~,570 282284! 3,20,777' 
65771 1 9 ~  30~662~9~ 30~916" 326.229: 

Monthly Max Demand ~ '. 
Site ID [Year ~ 11 2[ 3 

6657! i992[  '¢91"1 ,44i[ 430' 
657T 1993 F 6(~)[ 6891 662 ! 

657~ '1995[ 624~ 605[ 6061 
657) ]996~ 4~ 476i 5331 

4[ 5 6 7 8 9 
220,910! 243,257 219,693 i 490,746 538,014 390,129 
313,732 290,375 266,848 393L85~ 496,355 3374,505 
25i996i i26,801 i 198,020! 385,871 517,516 474,824 
292,662T 2.67,261 : 224,897 370,8q7 424 7 0 0  316~584 
30i~834 ! 3 i l ,492 2791i49 ![ 372.452 575~303 ~! 419,301_ 

41 a 6 7 81 9 
470! 516: 470 1231 11641 819 
568i 5281 525 ~ 1170 1220 i 801 
5181 4581 508i 1071 970 i 884 
607! 557 55331 7561 6271 536 
6i6! 669[ 687[ 639 i 700i 615 

t 

i i , 

The above billing s~mmar~ for site (d 657 was ~sembled to)nvestigat e the claimed impact leve[~ of nearly 1 b00,O00 kW1h. 

I i I ~' ! 
'lOS i i  i 12 Oc:t-Sepi ~ ~ Percent of ]1993 | 

386 1311 301,748 209,692 / Z ] 

3 8 ~ Z ~  ~i L 2s~7293 3,387~i 88%1 l 

8i~1 57oot 404 ~ J 
~- 15~ 553 ~ 

4oo  606 I 
480 476 t 531 [ 

I i : i 
I 

I 

' f " b [ , ! 
' ; i I 

!The October - September annual kWh summary shows that usage has increased at thik service address. T ~ " . ~- 
j On-s!te records Lnd!cate tha t the quantity ofproduct processed during the one:yea r penod October 1995-Se~ember 1996 rwas avera~e~ ! i I • , . ~ ~ ~ ¢ , 
iThe energ~ impacts claimed in this application were not realized. Evaluation energy impacts are ~et to zero. , I 1 
~This i~not surpr!sing since onTs!t ~ ~ecords have shown that many ~f the e.nergy savin ~ principles depicted in the applicaiio-n were not imDlemenie~foii0win~ thte EMS installalion~ 
i 

T Demand savings r given the conservative nature Of these esiirnaies were accepted, i : i ~ ÷ --  f ~i - 
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Site ID#: 2862 
Check # 63612 
Measure Rerack warehouse, suction re-route, condenser replacement 

Measure 
Description: 

Summary of 
Calculations in the 
Original 
Application: 

Comments on 
Calculations: 

The retrofit site is a large agricultural cold storage facility, where 
produce are injected with ice, vacuum cooled, and stored for a 
short while prior to being shipped to market. The retrofit performed 
at this site consists of three distinct measures (all covered under a 
single application and recorded under a single MDSS record; action 
code 469): 

1 ) Storage racks were added to the existing cold rooms to allow 
storage of additional iced product (pallets of broccoli); prior to the 
installation of these racks, cold storage capacity was often 
exceeded, resulting in approximately 25% of the pallets being 
stored outside. On average, the pallets stored outside would 
remain for one or two days and require re-icing once per day. 
Approximately 300 Ibs of ice are required to re-ice a single pallet of 
broccoli. This increase in available cold storage has reduced the 
frequency of product storage outdoors, and therefore plant ice 
production. 

2) The suction line feeding the cold storage was separated from the 
remainder of the system to allow a higher suction pressure for this 
particular application. A higher suction pressure provides a 
reduced pressure differential between the compressor discharge 
and the suction-side, leading to improved compressor performance. 
Prior to this system modification, a common suction was shared by 
all loads, leading to low suction pressures (that are not optimal for 
the cold storage application). A "pumper drum" liquid storage 
vessel was installed on the suction return from the cold storage 
room to augment the receiver vessel used by the remainder of the 
system (where liquid is removed from the vapor line before 
returning to the compressors). The separation of the cold storage 
suction line is desirable due to the high discharge pressure and low 
suction pressure requirements demanded by the ice-making 
equipment. According to information provided by the site contact, 
ice-making equipment are in use the majority of the time at this 
facility, and ice-making is estimated to account for roughly 60-70% 
of the system load. 

3) The application also sites the replacement of two existing 
centrifugal fan evaporative condensers with a new axial fan 
evaporative condenser. 

Bin models were developed to estimate equipment energy use at 
this site -- including condenser, compressor and evaporator energy 
use. Although the bin model results are reasonably documented, it 
is unclear if loads on the system were derived or simply applied to 
achieve a desired level of predicted energy use. 

Estimates of ice-making deferred due to re-icing assume that re-icing 
is no longer required in the post-retrofit condition. Site contact 
information indicates, however, that some outdoor storage is still 
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Evaluation Process: 

Additional Notes: 

required (though post-retrofit frequency of outdoor storage was not 
quantified). 

The suction re-routing measure included the installation of two 200 
hp M&M compressors (though two existing 60 hp compressors are 
now off-line and remain only for standby purposes). Attachment 7 
documentation suggest that one existing Mycom reciprocating 
compressor would be dedicated to the cold storage system, while 
in reality one of the new 200 hp M&M compressors were 
dedicated to that particular system. 

The condenser replacement measure is not a replacement, but the 
addition of a new condenser. 

The documentation and calculations provided make reference to 
liquid ammonia pumps (9 kW load) that is not used at this facility. 
liquid ammonia is distributed using the pressure differential 
between discharge and suction. 

The evaluation does not attempt to reproduce the bin models 
provided in the application, but instead uses alternate methods to 
validate each estimate. 

Current estimates were provided for iced product processed per 
year (8 million boxes vs 5 million from the application). 

PG&E 15 minute interval load data were acquired for this particular 
site, providing a source for model calibration. 

Since this retrofit occurred, an additional ice-making machine was 
purchased. Whenever possible, no ice is made during the peak 
period (noon - 6 PM). There is an active policy at this site to shift 
ice-making loads to the partial-peak periods. 

An on-site inspection of this facility was conducted on September 
23, 1996 with Danny Vincent and Pete Zucker. 
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Impact Results for Site ID# 2862 

Application 

MDSS 

Evaluation Estimates 

Engineering Realization 
Rate 

Customer Billing 
Summary 

kW kWh Therm 

268 903,671 0 

268 903,671 0 

186 903,671 0 

0.69 1.0 NA 
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Results - Impacts 

Exhibit 2862-1 

Impact Measure 
Re-rack Cold Room 

Evaluation Ener~__and 

Annual Energy Use 
(kWh) 

Demand Impacts 

430r532 
Re-route Suction 2491015 52 

Peak Hour Demand 
(kW) 
67 

Replace Condensers r ASD's 
Total 

224 t 124 67 
903r671 186 

. . . . . . . . . . . .  

Review has resulted in a significant reduction in claimed demand, from 268 to 

Recommended 
Evaluation Result 

Application 
AppliationlEvaluation 

Application 
NA 

186 kW. 
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Input - Facility Operation 

The contact provided the schedule during which ice is produced at this facility: 
i 

Pre-Retrofit 
Pre-Retrofit Hours of Ice 

Production 
Post-Retrofit 

Begin Ice 
Post-Retrofit 

End Ice 

Post-Retrofit 
Hours of Ice 
Production i { Begin Ice i Pre-Retrofit End 

Daytype Season Production Ice Production per Day Production Production per Day / 
Weekday iSumrner ~ I i2 i00-midnight l  i2:00 midnight 24 - 6:00 PM 12:00 noon ~ 16 
Weekday ~iN-on'Summer 1i2:00 miclnight 112:00 rnidnight 24 12:0() midrlighh'12:~-mi~n~gh I 24 1 t ] 
Saturday ',All 1122:00 miclnic3ht I i2 i00 midnight 24 12:00 mid nig_hi12100 m-~nigh~ 24 i t 
Sunday iAii [12:00 rnidnight I i2 i00 midnighi 24 12:00 midnigh112".00 rTfidnigh~ _ 24 I ,! I 

* The PG&E §urnme r season is defined a.s theBe[i# d May 1 to Octobe r 31~ the sumnnerr " -: : ' : : ~ ~ on-lqeak co stin~perlpd d u ~ _ ~ !  s hme mc!udes the hour 12:00 noon to 6'00 PM. 
Although ice #production has been successfully shifted from the peak period, this activity is not necessarily associated with the retrofit ap,_~ed for~nd analyzed hlere. 
For exarnp!e~ an ice machine was recent!y added (though not app ied for under th s application),, yieldin 9 I~rger . . . . . .  ice yields durin~a~a~!al- . . . .  and off-pe~k periods. 
Most of the tim e! ice production needs can be met during these non-peak periods. Ice is normally PTrOduced using the maximum ~ a c i t y  of each ~system. 

T i ~ • ,- F - , 

ce is made at this fac!l!ty during the harvest season only -- 43 weeks per year. Therefore in the pre-retrofit case, ice making hour~, per year are 

Annual hours I : 
of ice i = i 

production =i(43 weeks/year~ x (7 day § ice production/week), x (24 hours/day ) 
= 7 ,224 i hours/year i 

i J 

The refrigerant suction and discharge setpoints/typical settings were gathered from i the site contact 

System 
Cold rooms ) 
Ice productionivaccum tubes i 

Blue font designates an input.i 
Red font designates a Calculation. 
Green designates a result, i 

Pre-Retrofit Pre-Retrofit 
Suction Discharge 

Pressure (psi) Pressure (psi) 
21-22 145-160 
21-22 145-160 

Agrees with 
Observed 

Values During 
Site Visit 

No pre-visit 
No pre-visit 

Post-Retrof i t  
Suction 

Pressure (psi) 
30-35 
21-22 

Agrees with 
Post-Retrofit Observed 

Discharge Values During 
• (psi) I Site Visit 

125-135 Yes 
145-160 i No Ice-Making Observed 
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Re-rack and Ice Reduction 

1~ Assumptions: 
There are 4C'() t(~ns of  ice storage capacity at t~l~ site. [ " " i ~ - I - " 
Pallets that arrive directly from the field are normally iced with about 1,000 Ibsrof /caper ~all~t. I - -  ~ 
,Oailetsthat are then ~to[e~ outdoors, require aPp~'oxim~ely3()~) I bsjc~Jp.all=e~_aay. ~ ; i- ~ - j  I - 
The.on-site contact[ estimates that~ . . . . . . . . . . . . . . . . . . . . . . . . . . . .  j~allets were stored outdoors on average for one-to-two clays ~1.5 days asfumed for calcl~lations). . 11 , ! 

Therefore, to estima.t=e the qua0ti of ice delivered on averaqe io a sinqle pall~.kept outdoor~ . . . .  I 

Lbs Re-Ice = I (300 Ibs re-ice/pallet-dayLx~1.5 days) . . 
= 4 5 0 ~Lbs re-ice/pall=e! _ . 

The apphcatmn states that 5,000,000 cartons of broccolh require ,ca rejection every year. 
The site contact however estimates that production now requires that 8 000 ~00 carton§_pe~( year be iced I - -  ] 
Assume that the first year following this retrofit, the £roduction rates are 6,500,000 cartons ~ y e a r  (the median of these two fiQures), i ~ ] ~ i 
The site contact also estimates that pallets on average hold ~'rcartons of bro~alL t ~ I ~ l, ~ . . . . . .  
Lastly the site contact estimates that roughly 20% of the pre-retrofit cartons ere stored oJtdoors, i ; ~ t -- - 

. . . . . .  F I T t " " T . ~, t 
' ' ! i . . . . . . . . . . .  I " • ' ...... b ~ . . . . . . . .  

2) imp act CalculatiOns: ~ t . . ~ • . t -" _ 
To an,mats ,he h u m o r  of pa,,ets re-,cad . ; : 

Lbs Re-Ice =l(4S0 Ibs re-ice/pallet) x (6,500,000 cartons/year) x (1 palle~44 cartons) x ~20% re-,ca rate~ 
==113 295 455 ILbs re-ice/year T = i . ~ 

Converting to tons V . . . . . . . . .  

Tons Re-Ice = (~13,295.455 Ibs r ~ - i c e / y e a r , '  X" ,1 ton/2,000-1~s ice) . . . .  ~ ~ - " ~ - '~ t 
= 6 648 ]Tons re-ice/ ear . . . .  , " ~ - ~ . . . . . . .  f " 

For every ton of ice injected, adOitional k :emu~ be made that is melted when ~aket~o water ~s introduced_ ] - / ~ ~ - 
Al:~plicat on records indicate that 23 ga one of 32 °F . . . . . .  water are~piiled dudnq product iwpection± + - - l =~- ~ ~ ~ 

To estimate the e~ui~va=entTce~o~d with this Spi,ed water (theft must be re~laced w lh  64 °F ~ make-up wate~ ~r) ~ "  i ~ - i " T . . . .  

Lbs eq~uiv, ice =I23~al lon..Vpal let)x (6,500,00~------O carton~year)'x (1 p a l l e t / ,  clarions)x (20% re-ice rate)x-(8.34 ,be waterlgallon~x (64-32 °F water diffirentia/)_ = (1 ~ wat--Ir i /14- 4Btu/ lb ' ice heat Of fusion 
. . . . . .  =~ t , 2 ~  Equiv i ce , ea r  I . . . . . . . .  , . . . . .  ~ ~" . . . . . . . . .  T " 

Tons Re-Ice =~1,259 424 tbs equiv ice/year) x (1 torV2LOO q Ibs ice) q i [ 
. . . . .  =- 6 ~  . . . .  Tons eguiv ice/year - --~ ~ ; ~ i ~ ~ ~ ' • 

Hard copy applLcation records indicate that icej~roduction requi're; 6-2 kWh/t'or~';f ice produce~:l. [ T " - - 

Energy lmpact s-~66L648 tons re.ice/year + 630 tons eguiv ice/year) x , 2  k~hJton ) . - j " i ; 

IThe application estimate for this m=eas!re ~ is i30,532 kW/'Vy£r. 
Z I i 

Lastly, the demand estimate frorn the application is evaluated u~ing the energyresuit. L " 
~'application assu~es i i t  ice is produced _only 43 weeks per yeaLdun'ng theharvest season. . , { - i . - -  - J 
It is also assumed that the ice is produced using the pre-retrofit production scl~edule, not the post-retrofit schedule, i ~ i 

and o~peak pedods. ~ t T I Ice g e n e r a t i o n  capac iOUs  ~ e ~  expanded since this retrofit, thereb~shiffing peak hour-ice production to t h ~ i a l -  . . . . . . . . .  
! 

Usi n~ estimated annual hours of ice produ~;()ni43 ~/eeks/year,-24 hours per davy, y)elds 7,224 h0um-), a mea~demand imp,MoVie estim-ated sfol lows i . . . .  

i 
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Re-rack and Ice Reduction 

MeanDemand=!C454,201 kW~earr)/7,224 hours o ice producton/year I ! ~ [ 

liT his sewe~ as a Iowerl bound iC~.servatiWi esiimate Of savi~gs for thepeak hour. ; ! ! - ~ l -~ 
The application estimate of demand for this measure is 67 k~ for the s vsteni~eak hour. ' ~ i I = - i 

; i / i ~ " | I = 
~ e  pu~-~o~se 07 the eva uatmn im-p~em-enied fo ;  th s measure is t ' - 'o ven--~ t ~  ac~ra__q~_of_..aj:~oJ'Fation 'mpacis, ancl to r e ~ . ! a ~ o s e  est'mate-s only in the e;e it that a gross ,rror s detected. 
All impact loads were not necassa~ included in the above calculations (for example, ice shaving, loading and d e ! ! ~ = e ~ a a n d  make-up w lter delivery Io~ ds were excludl ~ from the eva t 
in a similar ~.th~J~aving an-oppo~t-e~ec't)-~ner, these calculationselso do not takeinto consicleration the fact that some product is still stored out~ioors in the boS l-retrofit conditi,~l 
~e~cu la t ions  performed have qenerally verified the accuracy of the application form methods. Both deman~ and ener~ i ~ a c t  estiamtes a p t  reliable I : 

_ _  ± 
I E 

uat ion  es t imate  s). 
)n, 

aP[ I ; 
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Re-route Cold Room Suction 

t) Assumptions: I _L ; I ' i ~ I I 
Following th ;  re-'-~ro~i~_~i~:S assun'~ that a new 20Q_~.p M&.~M _cpmprres~sor ~mocl~i 86C1~362~, is the only unit serving the cold r~om~aocord]n~ tp_ information !supplied by t h~ i t e  c o n t ~ .  . ] . 1- ~ . 
The raised suction te~erature for the cold room system provide'We savi~s f~r this m easure.TT ] , L } - " ~ , 1 
E v a ~ r ~ o r  loads are ideniical in both the pre- and i~:ost-ielr0fit = ~ r  Additionaly changes to th . . . .  denser Io~d as a result qf this retrofit ar~ assumed tO bp insignificant. ' - --  [ 

--T r " --F . . . .  T . . . . . . . . .  [ : ~ " " 1 

2) Imp acj_Calculations . . . . .  J_._ _ | . . - -  , . _ . -  
Estimate the maximum kW draw for the 200 hp M ~ ; o m p r e ~ o ~ r  J ' " i . ~ l ~ 

~ s ~ o r  k~N = ] ~  hp} x (0.746 kW/hp} x ~ . ~ 9  0 motor e~f ic ienc~ • ~ ~ ! ~ 1 | • 
- =1166 I kwmaximum ; . . . . . . . .  i T " -~ ~ --  - !  j [ ~ .......... 

~A~_l~licati~-=~ r'~lcords show cornrzplre.or loads in excess of 3 ~ W  for this systpm " ~ ~ - ~  . . . .  r . . . . . . . .  

Using the application post-retrofit compressor energy usage for this me_asure in c~junction with the maximum kW estimate, e<:~u[va.!ent full-loe~ hours can be beck-calculate< . . . . . . .  ~ . . . . . .  
The ap..plication compressor e @ u s e  in the post-retrofit c.ond~ti~n i s 1 , 5 : 3 , 8 ~ h / y e e a r .  1 [ I ~ . ~  

To estimate equ valent full load ho~Jrs]E.FLH} ~ . ~ 

EFLH=I{t,St3,864 kW~ear  / ~  kW!meximum ~ ~ • i I ~ L Z - 
- F=~,132 - JHours of f u  load o~reton/yeaf n the post:~et$of condihop . 4 ~ - ] 4 

. . . .  r . . . .  p ~ ~ . . . . . . .  

[There ere only 8 760 hours in an entire~year. | ! I : | I ] / 

Th s result indicates that the CO d room loads ~at were used in the application ~o estimate imtc~cts are overodtated, i . . . . . . . . . . . . . . .  ~_.._ L " ~ '  b . . . .  t . . . . . . . .  T . . . . . . . . . . . . . .  
App cat on records assume that the cold room compressor runs a~proximately 5,000 full toad h~urs per year (aj more reasonable assumption) ~ 1 

= 4,898 Hours of ful cad opera on/year inthe post~retrofit conditio[1 ' / 
f - ....... r f - ' ~ L ~ 

U~ing actua~ c~m~r~s~r ~pe~ifi~a~i~n$ in conj~nii~n with 5 ~  full ~a~ h~ur~ie~ds a m~re~e~iab~e~st~ett~i~ ener-~`~y pr~f~le __  ~ - " ~  

$ i . . . . . . . . . . . .  
Evaluati°nl I 

Compressorl 
_ Energy =_L(166 kW) x 5,000 hour_~.year I ........ ~ . . . .  t - - 1 -  

= j830 000 kWh/year in the cost-retrofit condition ~ 
T~/hile advice filing records indicate 1,513,864jkW.tVyesr ] ; ~ ~ r ~ 

The application energy impact for this rne~u~ is  2 4 ~ _ : 1 5 ~ e a ~ a p ~ o . i m ~ e l y  14% savings . . . .  the b~condi t ion) ,  t i _ L - -  ' i , ~ e ~ : =  re ' 2  )si 

=The a.~.~umpt-~-i-~son reg - - -a rd i~ :~ :~ - i i : ;  th,.cold r o o ~  Is not adequ=ely ,oc~ented in the:ppli~tion s u b ~ : .  " - ~ - -  ~ _ _.._:_ :_ - "  _ 
On-ste data support cost-retrofit refrigerant condt ons the discharge pressure is assumed to be 153 psi (_since it is assumed that ice-making Ioccurs alt d~,~!hough this ma~' no any/cheer be t ~ e  suct'on t ~ etu p~ 
While in the pre-retrofit condtion discharge is 153 psi and suction is 22 Psi {a~cordlng_ o mfolmation gathereT~ on-s, te)- -T j I L -- ! ~ - -  - -  
,,, to,d. there ,s a~ . . c r e e d  e ; . c t , o . - ~ ~ ; i ~ ' o ~ .  " - ~ L L [ . • 1 

r ...... , ....... rE rf rma:::'°:~:, t':] effect oJthi' different al'can PS determi-~ed as .  functiin of Tons delv -red and B H J  i [ - -  - i -- Using Vilter ammonia comp esso pe I ! a data, t ....... " ' __. !. !~_.  f u n c t i ~  £r . , . +-- ~ f _ 
(Performance data lists condensing pressure rather than ~isch.ar~, but th is~ould not affecl~ the differential ~ ~ _L_ ! ~ ] 

Suction pressure of 20 ~si and 1 5 ~  discha~e pressure: ~ 
_ ~ Tons delivered =~ 1197.6 . ~  --" BHp qIBB.8 : . ~ : -  ! I 

Suction pressure of 30psi and 155 j~si dischmT~ge pressure: ~ ~ , ; ~ ~ ~ ~ , 
• Tons~lverecl = 258.S- | " - ~ P  = i t92  i . ~ [ ] ' 
7 - - Y - - L ~ - -  I ..... ~ _ - . . . . .  ] l  } _ ~  ~ L - _  L _ _ _  T : D -  - 

The baseline condition has an efficiency level of 188 8 BHP to de ver 197 6 ~ons refri e ~ £ n  = O 96 BHP[Ton / / 
~Theposst-~'etrofit c ~ n d i t i o n  has an e f f i c i e n c ' y - l e v e l ~  = BHP t ~ e l i v e r  2~ .~Tons  r e t h g e r ~ i ; ; ; - ~ - ~ o n  ~ : ~ ~ ~ - 

!~-e-relatlve efli~ency can ~ uSed to estimat? base usage f~m ]~osl:~trofitjcompressor reCrUitS . I L - -  1_ [ _ 1 ~-F . . . . . .  

Pre-retrofit compressor ene~us~ = (0~9~;:74)x ~]30,00OkWh/y~ar : , , L ! --  L -  ! _L.  .......... 

L ~ L 7 - -  ~ : : : ( : ~ . . . .  _ - -  ~ 
. ' + t i _ _ ~.. __ Then, estimating the impacts ~ ; ] I ] [ 
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Re-route Colcl Room Suction 

essor energy mpacct =J(1 076 757 kWh/year- 830,000 kWh/year) ) : 
, l - T -- / ' " ~ I 

i = 246,757 _~TkWh/year o, L ~ , , -~ ~L 
TThis mpact s corn_P_ae[able o the ap l l ~ [ i o n  estimate of 24~015 kWh/year, [ 

-. ~With the current operation where ice is not produced during thepeak hour, savings will be larger due to the lower disohar~ 

IS evaluated usir~g the energy rBsult. Lastly, the demand estimate from the ap~..~tion ipg tl~? energy ~sult. 
_..Th=_e.a.p.E!!£a~on assumes that Guadelope cooling is dosed 9 wesk$ per yeaj~ _ ~ _ . . 
It is assumed that the cold room will also be shut down over this.L:~riod yieldin~just 43 weekss~2f 0perat on 

Us ng estima ed annus hours of ce product on (43 weekMyaar 24 hours i~r day,,3/ields 7~22,4 l~ours~ a .rnean~emand impact its estimated a.~ 

Mean D e m a n d 4 6 6 , 7 5 7  kWh/year)/7,224 hours of operation/year / ; 

- -  ~ i s = S . ~ .  aS a lower bound...(.c~nsen/ative) estimate of savin~;Is for the peal,~ihour, i 
_ IThe application estimate of demand for this reassure ts l ~ t o J  the s ~ ~ a k  h_our- ~ ~ . . . .  

!Note that the estimated connected load for the I new Lcompressior is ~ l y  166~W. ! } 

' i . . . .  - i t - - -  

follows : +I : : :  : :  :~::  : ~ : : : :  : ~ ' : . . . .  : 

The conservst ve demand estimate of 34 kW ais to adjust for the relatively large loads observe at the time o~s~stem ~ak.  ! i i __  

The relative demand at the time of system peak is captured within the ap..plication records, where houdy .e_~al:x~r~to ~ !oad s ,and ~sso c atecl.l~w ~ re reported for he cold rooms, i i . . . . . . .  
The median houdy load for the cold rooms is 270 tons, whil_.ej_~ maximum I@d is 360 tons. I ~ I ~ 
The median houdy demand for the cold rooms i s 203.15 kW, while, the maximpm demand is ~093.1 kW. ~ ~r - ---  ~ . . . . . . . . . . . . . .  ~ - - -  
The ratio of these two ten'ns can] be used to assess ]he eXll~ted demand dulng the peak h~ur:~ ; E+ . . . . . .  ~ _ 

i 

= 52 - ~ - ~  T ' ~ T , 
i This demeod ,re.act . t i m = e  is cons dared more re .a . *  than that s . p . o r t "  hy the " P " 4 o n  I .... 

. . . .  [ ~h~e-~t i~ te~f1-~kw~f~r~ [n~heaPpl iqa t i~ - - - -n f~rmi~- -sappears ! -~aFh- ie .v -e .~ons ide~ab~essvmg~sf r~m improv~Id high stage c'mpress°r Pe f ° l rman~e ' - -  L . . . . .  ~ I '  
• The  e -  vs t-retrof corn ressor pedormance on the app ca on s 0 97 ~s 088 respectively for ths ~eak hour ] | [ 

i ~  ] I t  s undear why he separation of compressor loads for the cold rooms would imprgvethe perfo[~ance f o r e  low tempe 'ature apphcatlO~ns, such as ice making. , - -  . . . .  ~ 1  

I , [ , 

IThe purpose of the evaluation implemented for this measure is to verify _the accuracy of application impacts, and to re..~ac~ t=h~.~l_eSt]ma.t.~_._~.~ in the event~that a gross error is d e t e c t e d . ]  1 ~ 
l~!l m ~  oads were not ne~s.serily_iocluded in theabove~l--~----cuLations (fg-~exampIs, evaporator loads and condenser loads were e x c l u c ~ : l ~  t~e evaluation1 estimates). ~ ~ ~ ~ ~ J  
The calculations erformed hav neral verffi he accura ot the a lication form ener im acts. Howe r the demand im acts ar h ht to in error, i I ' .I 
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Change Condensers and add ASD's 

1) Comments regarding the application estimates: ! ~ __ ~ J ~ ~ I 
;The application is for the reolacement of two existing evaporative towers y,~ilh a new large capacity evaporative tower. H o o v e r  , the exist ng units have been reptacl d~ . . . . . .  ~ _ 
~ . [ ~ _ f i c a t i g n  estimat ? specifies a new Baltimore Air.Col! or Eva]so mode ! 1170, while on-slterecords ~dent=~ this 0e=w~jnit as a Crape, ',o 1100, the "el svated" tower. ~ . . . . . .  
There were s gnif cant ncons stencies noted in the app cat on spreadsheet models. For this reason, evaluation analyses are restricted to z review of tho: methods. ! 

Annual EnerclY Impacts (kWh) Peak Demand Impacts (kW) ~ i - - ~  
Impact component- - Pre-retrofit i Post*retrofit Pre-retrofit Post-retrofit - ' ~ _~-__ _ ~ - _ ~ -  

I 

did Room Co~npreesors f,513.8641 1,392,998 3 0 9  286  3 . . . .  i . . . .  ~- 
Hi h L ~ . _  C~pressors  4 ,249 ,586  4 ,382 ,094  8 8 8  8 8 8  ; ~ 
Condensers 490 ,035  254,271 ~13~0-* 87 "  ,~ L - -  i - - - - - i i ~ i i i ~ _ _ _ i  i ~ i . i [ [ ~ : i  _ 
~ o ~  518,303 518,3o3 71 7f ~ - -  - - -  - - -  I T . . . . . .  + . . . . . . . .  " 
Uq~d Pump 65~403' 65 ,403  9 9 ~ i - ~' . . . . . . . . .  - -  . . . . . . . .  

Total 6 ,835,191 6 ,611 ,067  1,407 1,341 ~ _  ~ ~ . . . .  ~ . . . . .  + . . . . . . .  
I ' i : . . . . . . .  L . . . . . .  I 

i - - - -  J . . . . . . . . . . . . . . . .  ~ - -  - - -  . . . . . . . . . .  I . . . . . . . . . . . . . . . . . . . . . . . .  

The sss~med condensing temperature used in each pre- and ~o__st-reUo~ model is3be ddv i~parameter  f ~  compressor s v=ngs. _ . . 
. . . . . . . . . . .  I Note however according to the application {see above), the high stage compressor energy =oaos are greater in me posz-re. :)fit case (thou{ condensing t* mparatures are edgced ). . . . . . . .  

. . . . . . .  ~ ~ ' ~  em was observed n ~ e  55=ancl--60 °F t-enlDerature bins, where the combined pre-retrofit energy is 1,98 ~ ,600 in these t vo bins, while l: ost-retrofit is 2, 01,552 k.Wh: 

;Looking at _~_more caffullyy ~ - ~ I ~ . . . . . . . . . . . . . . . . . . . . . . . . . .  i 

High Stage Analys s Condensing Temperature {°F) Compressor kW./ton Compressor kWh ] ~r . . . . . . . .  i.i . . . . . .  i i . . .  ~ ~ . . . . . . . .  
- -  Temperature B n Pre-retrofit Post-retrofit Pre-retrofit I Post-retrof t  Pre-retrofit I P°st ' retr° f i t  I : J 
r~nOF~n I 85  ! 80  I 0 .74 / 0.81 697 ,440  '. 760 ,439  1 ~ ~ . . .  _. _ ~ ~ i ~  ~_ ~ . . . .  ~ - -  

Dfference 5 or 6 $ - 0 4 or 0.7 kW/t - , I ~ ~ ~ ~ ....................... 

. . . . . . . . . . .  ---~The result ~ t h  n tbese particular temperature bins d~_s not make sens e:._Adrop in condenser temperature results in poorer, ,,ondenser pedo~'mance and therefore a net inc~ase in energy ~e.  
- - -  TThe compressor kW/ton figures reported in the pre-retret~ co~l t ion are lowest for these ~_.o bins, ~vhjle for colder outdoor temperature birls the kW/ton e~timates are lar~er (0.79 =kW/to i). 

- -  ~ " - l Lower  emb~nt condition, s, should yield lower kW/ton, as was observed for the~cold roo_m ~p_~F suction) syst }m. l ~ . . . . .  

A d d ~ o ~ l y ,  ;e(Juced c o n d e ~ e m p e r a t u r e s  at the time of s y s t e m ~ k  have an incon.s ?tent effeect on the cold room and high stage ccimpressors, yet the rece've system " a • . | ~. 
' - -  . . . . . . . . . . . . . .  , , , [ i ! i ,The fol lowing~l~o explores this difference in !~reater deta,I I . . . . . . . . . . . . . . . . . . . . . . .  [ ~ . . . . . . .  I ~ . . . . . . .  

Compressor Sy.stem I Condensing Temperature (°F) Compressor kW/ton Compressor kW ' i " "  ...... 
for the Peak Bin" I Pre-retrofit I Post-retrofit Pre-ratrofit Post-retrofit t Prelretr°f i t  I P°Stlretrofi t  i . . . . .  : - -  ~ ~ -- . . . . . .  

old Room (20 °F Suction) I 91 I 85 0.86 0.79 309  : 286  . ; i 
. . . . .  " - ~ r ~ 8 8 8  ! 8 8 8  ; i t ~ h  Stage (10 °F Suction) 91 . / ~  85 • , 

DfferenceL o L~ - -  i, + 0 . 4 o r 0 . 0  }kW/ton + 2 3 o r 0  .kW ! i ' ~ L L  i ~i~i~-~i i~i i i ' i i  = i  i - ~  

'The eak bin is the 95 °F outdoor temE erature cqndition. ', _ ~ . . . .  : ! , - i l - - - -  

. . . . .  / . . . . .  J.= ;C-'-EE - . . . . . . . . . . . . .  ~ * , , r e b i  -= are inconsistent A dron in condenser temp_erature results n no say n gs  tor the h gh stage system wh i t i_mj~rovi£g the :o d room ped¢ rmance. 

T ~  a ~ l l ~ o ~  ~ a t - s s  show a dramatic reduction in fan and pump energy for the new cpndenser S}St~_~. ~ ] . [ • 
Fhe ra~ppwl ~ e n s e r  syst~n is abl'------e-t------o re j~ . t -~U '~ -a !en t  quantity of heat while using approximately one-fllalf the amount_~.f, tan and pum~ aner.g.Y • ] ~ [ - - - ~  ~_ ~ 
- - - - ~  1Although a reduced condensing remgerature is achieved i n - - s t - r e t r o f i t  condition, the compressors contribute less heat {Cue to reduced ~eacl pressure)l -1 
. . . . . . .  . The~--------_redu_ __cti~n,~l:~L 9pe'half' °t~co-ndenser energy 'ss n°~ cOnsid'[ed ' °  be relia~b[~ . . . .  L 3 I . . . . . . . . . . . .  4 - - - - ~  

The e ~ u a t i o n T m p l e ~ e n t e d  for th S particu ar measure is simply a review of the models submitted with th~ application. _ ~  : . . . . . . . . . . . . . . . .  ! ......... --~ t 
~ t t  or~iywas~he app l i ca~ ion f0~  to-be inaccurate re,~rdinq the )ntended replacement of existinq condenser% but a review of the calculations submitte~ points to sore erroneous resblts. I 
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Change Condensers and add ASD's 

For this reason, the application impacts could not be verified, nor adapted ~or improvem~. I , J 
i~ue io the many problems encountered with this particular measur~ no-u~late-io the app~ction impacts ~"e recommende~:L !, ~ - -  
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Site ID#: 2888 
Check # 62984 
Measure Suction Sectionalization Pro ect 

Measure 
Description: 

Summa ry of 
Calculations in the 
Original 
Application: 

Comments on 
Calculations: 

The retrofit site is an agricultural processing and packaging plant 
with a refrigerated warehouse for storage. Separate refrigeration 
suction lines have been dedicated for hydrocooler units (allowing 
higher suction temperatures for this unique application). In 
addition, the application indicates that the retrofit should have 
included the installation of recirculation pump drums (which store 
and supply cold refrigerant to the evaporator coils), but a new, 
dedicated receiver tank for the hydrocoolers was installed instead. 

This retrofit allows for a closer approach temperature (differential 
between the refrigerant and the desired chilled water temperature), 
which reduces compressor loading and improves the compressor 
efficiency. 

This retrofit is stored in the MDSS as action code 469, Refrigeration 
Add/Change. 

Estimates are provided for improved compressor efficiency of the 
dedicated hydrocooler compressors (caused by a higher suction 
temperature following the sectionalization retrofit). 

Impacts based upon a temperature bin model and mean kW/ton 
savings, due to the raised suction temperature. 

Bin model is based upon mean savings of 0.063 kW/ton and a pre- 
retrofit condensing temperature of 85°F. Documentation does not 
appear to have adequate references for reproduction. 

Evaluation Process: 

Additional Notes: 

During an on-site inspection of this facility the hydrocoolers and 
warehouse were found to share a common suction. Both systems 
were running using the same 30 psi suction gas. The system 
(following retrofit) is designed to use either a common or split 
suction, with valving and receiver systems available to support 
either system operating strategy. 

Since the application calculations assume a common suction in the 
pre-retrofit condition, there are no savings associated with the 
retrofit performed. The site contact indicated that this system is 
normally run using a shared suction, not dedicated as suggested in 
the application. 

An on-site inspection of this facility was conducted on September 
23, 1996 with Charles Buick and Wayne Burke. 

Impact Results for Site IDa 2888 

I I kW [ kWh Therm 

Quantum Consulting Inc. B.6.3-12 Engineering Detailed Computational Methods 



Application 101 369,200 0 

MDSS 101 369,200 0 

Evaluation Estimates 0 0 0 

Engineering Realization NA 0 NA 
Rate 

Customer Billing 
Summary 

Quantum Consulting Inc. B.6.3-13 Engineering Detailed Computational Methods 



Site ID#: 2909 
Check # 62881 
Measure Install Bi-foldin~ Doors to Replace Electric Air Curtains 

Measure 
Description: 

Summa ry of 
Calculations in the 
Original 
Application: 

Comments on 
Calculations: 

Evaluation Process: 

Additional Notes: 

Automatic doors were installed at the entrance/exit to a refrigerated 
warehouse; action code 469. The installation of these auto-closing 
doors reduces infiltration of outside air into the warehouse and 
allowed the fans serving the existing air curtain system to be 
removed. Motors that operate the new automatic doors add load to 
the PG&E system. 

A bin calculation (based on an ASHRAE calculation method) was 
used to estimate both pre- and post-retrofit infiltration impacts. Fan 
energy was modeled using an algorithm in conjunction with the 
business operating schedule. Similarly, motor energy to operate the 
automatic doors was estimated using an algorithm in conjunction 
with estimated forklift travel through each door. 

Application review has shown that the ASHRAE infiltration 
calculations were incorrectly applied. Refer to the exhibits which 
for details surrounding the errors in this method. 

The warehouse operating schedule was verified. Pre-retrofit air 
curtain equipment operation was verified. Forklift travel through 
each door was verified. Amount of time that doors remain open 
was verified. Warehouse setpoint temperatures were verified and 
the refrigeration equipment were audited. All calculations were 
revised using updated information. 

An on-site inspection of this facility was conducted with Dennis 
Krieg on October 1, 1996. The inspection included a thorough 
explanation of the characteristics and operation of the pre- and 
post-retrofit equipment, measured door operation since the 
installation, compressor and condenser make and model, and 
measured R-22 refrigerant conditions (discharge, suction and 
condensate). 

Quantum Consulting Inc, B.6.3-14 Engineering Detailed Computational Methods 



Impact Results for Site ID# 2909 

kW 

Application 9.2 

MDSS 9.2 

Evaluation Estimates 79.94 

Engineering Realization 
Rate 

Customer Billing 
Summary 

kWh Therm 

213,119 0 

213,119 0 

1 75,202 0 

Quantum Consulting Inc. B.6.3-15 Engineering Detailed Computational Methods 



Exhibit 2909- I 
Mean Outdoor Temperatures by Month and Time of Day 

Mean Outdoor 
12 Midnight-8:00 AM 

Month (°F) 
lanuary 
February 
March 
April 
May 
[June 
July 
August 
September 
October 
November 
December 

46 
50 
51 
52 
54 
57 
57 
58 

8:00 AM-4:00 PM (°F) 

Temperature by Time of Day 
4:00 PM-12 Midnight 

(°F) 

52 
56 
58 
61 
63 
67 
67 
68 

50 
53 
54 
55 
57 
60 
60 
61 

59 71 62 
57 67 61 
53 60 56 

53 48 50 

Average weather statistics were calculated using weather data from 
"Facility Design and Planning Engineering Weather Data", 
Departments of the Air Force, the Army, and the Navy, July 1, 1978. 

Site: A California weather station on the east shore of the Bay Area. 



Input - Facility Operation 

The contact provided the schedule during which doors are in 

Daytype 
~onday 

Yednesday 
rhursday 

;aturday 
~unday 

Total 

Daytype 
~onday 
Tuesday 
Wednesday 
Thursday 
Friday ..... 
Saturday 
Sunday 

Total 

Hour Doors 
Begin Use 
7:00 AM 

Hour Doors 
are Closed 
5:00 AM 

12 Midnight - 
8:00 AM 

Hours/Day 
Doors Open 

7:00 AM 5:0,0 AM 
7:00 AM 5:00 AM 
7:00 AM 

use: 

8:00 AM - 4:00 PM - 12 
4:00 PM 

Hours/Day 
Doors.,.....O..._. n I ~ Doors Open 

6 8 
6 8 8 
6 8 8 

Midnight Average Days 
Hours/Day per Year per 

Da yt.y_Ee 
8 52.1 

52.1 
52.1 

12 Midnight - 
8:00 AM 

Hours/Year 
Doors Open 

312.9 
312.9 
312.9 

7:00 AM 
Never Open 

8:00 PM 

Hour Doors 
Begin Use 
7:00 AM 
7:00 AM 
7:00 AM 

7:00 AM 
7:00 AM 

Never Open 

8:00 AM - 
4:00 PM Ho~.Jrs 

per Year 
Doors Open 

417.1 
417.1 
417.1 
417.1 
417.1 

0.0 
0.0 

4:00 PM - 12 
Midnight 

Hours per 
Year Doors 

Open 
417.1 

5:00 AM 6 ' 8 8 52.1 312.9 
6:00 PM 1 8 2 ~ 2.1 52.1 

/ - ~ i ° i -5-2-~ o.o 
Never Open 0 ~-~ -O i 4 ~ 5211 260.7 

? 
[ 8:OO AM - 4:00 PM - 12 ! 

12 Midnight - 4:00 PM Midnight 
8:00 AM Holiday Holiday 
Holiday Adjusted Adjusted 

Holidays per Adjusted Hours per Hours per Hours per 
Hour Doors Year per Hours/Year Year Doors Year Doors Year Doors 
are Closed Daytype Door__s Opeq .~ OlDen Open Open 

5:00 AM 2 300.9 401.1 401.1 1103.1 
T 2 300.9 401.1 401.1 1103.1 5:00 AM 

5:00 AM 2 ~ 300.9 401.1 401.1 1103.1 
5:00 AM 2 300.9 401.1 401.1 1103.1 
6:00 PM 2 50.1 401.1 1 100.3 551.6 

o o / ~ T . 5 -  
o.o 1 206.6 

l t 14 2006  _. 

_ _  I day in the the percentage_£t_ door openmgsl that occur during~ certain peri~o~:ls ol a 

! 1 L 
ot '~ Door I Door 

Hour Doors !; Description Percentage of I Distribution of Fraction ot 
are Closed Door Use Door Use UseHear I Use/Year 

2:00 PM Very Busy 50% ~ . . . . .  1.45 1 3.20 
5:00 PM Less Busy 10% I 
6:00 PM Doors Shut 0 %  j . 
3:00 AM .... ~ 40% 

100% [ Percenti 20.28% 44.76% 

417.1 
417.1 
417.1 
104.3 

0.0 
208.6 

Annual Hours 
per Year 

Doors Open 
1147,1 
1147.1 
1147.1 
1147.1 
573.6 

0.0 
469.3 

2086 1981 5631.4 

8:00 AM - 
4:00 PM 

Fraction of 
Hours per 

Year Doors 
o r  _ i 
0.96 
0.96 
0.96 
0.96 
0.96 

Annual Holiday112 Midnight - 
Adjusted I 8:00 AM 

Fraction of 
Hours/Year 
Doors Open 

0.72 
0.72 
0.72 
0.72 
0.12 

4:00 PM - 12 
Midnight 

Fraction of 
Hours per 

Year Doors 
Open 
0.96 
0.96 
0.96 
0 . 9 6  
O,24 

Never O p e n  0 r 0.0 0.00 0.00 0.00 

8:(X) PM i 5:00 AM 0 260,7 0,630.52 0.000.69 0.66050 

The on-site contact estimated ost-retrofit corn 

4:00 PM - 12 
Midnight 

Fraction ol 
Door Use/Year 

lilion: 

Daylype 
NA 

Hour Doors 
Begin Use 
7:30 AM 

NA 2:00 PM 
NA I 5:00 PM 

6:00 PM 

] 

Check Total 
Fraction ol 

Door Use/Year 
2.50 7,15 

34.97% 100.00% Total 
NA 

Total Hours 
with Door 
Openings 

6.5 
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Input - Facility Operation 

~The on-site contact provided the temj:~rature s etpoints to r cold storage by mpgtb~ [ / 
. . . .  ~ . . . . .  t - -  - '  . . . .  ~ ! - [ January [ February March April [ May ~ June 

iCo,d Storage ! I ! 
Temperature ~ f i 
/OF) '~i 40 ~___ 40 41 43 

!The on-site contact provided the number of times each door had opened since the installation we§. cp..mple 
The on-site au~ !  of this facility wa-s conducted on 1011196[__ ~ . . . . . . .  

t [ 

i - ~  [ . . . . . . .  45_  46 

ed on March 

August 

46 

7 i1995 

September 

44 

October 

44 

i November 

40 

December 

40 

Door #1 Door #2 
Number of 
Times Door i 
Opened 200,092 244,741 
i Estimated , i 
Annual Door 

! Number of 
i Days w/ 
i Openings in 
] !995 
I 

299 

. k 

Number of 
Days w/ 

Openingsin 
1996 

i 

273 

I 

i 

! 
I 

Openings 127,681 156,172 _ ! . , 
- -  - - -The number of door openings measured during the lirst i .5 iears of operat on is greater t ha.n the assumptions used to calculate impact.¢ 

t ' ,,u.,oo, . . . . . . . . . .  i i ' ~  font designates a calculation. ~ ~ i  15 i~ i 
~reen des .qnates a resull. ! . . . . . . . .  

in the apj::~lica~ion 4151,008 c e n i n g s / y r ) .  
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Baseline Calculations 

Month 
January 
F~on.~ ry 
March 

June 

August 
September 
October 
November 
December 

to condition the In~llration air 

Midnight  - Midnight  - Miani~'~t - Mean  I 
i 8AM Mean 8AM Mean 8AM Mean Coincident Mean Mean I 

Cold Storage Outdoor Outdoor Outdoor Outdoor Coinodant Coincident 
Tempem|ure Temperature Ternpemiurs Temperature Temperature : Outdoor Wet- Rslabve 

(°F) (°F) {°F) (°F) (°F) i bulb (°F) Humidi w 
40 45  52 50 49 45  80% 
40 50 58 53 53 50 82% 
41 51 59 54 54 51 82% 
43 52 51 55 55 52 77% 
43 54 63 57 58 53 72% 
45 57  57 60 61 56 73% 
46 57  57 60 81 56 73% 
46 58 58 61 62 56 69% 
44 59 71 82 54 57 65% 
44 57 67  , - -  51 62 55 69J% 
40 53 80  56 56 52 78% 
40 48  53 50 50 47  J 80% 

L 
Dt i Df E 
1 I 1 0 25 e 

1 ! 1 0 25 
1 ] .  1 0 25 

/ 
1 r 1 0.25 
I I 0 2 5  
I 1 0 .25 
1 I 0 25 
1 1 0 25 
1 1 0 25 
1 1 0 25 
I I 0 2 5  
I I 0 25 

4PM - 
Midnight - 8AM- 4PM MIdrtght 
8AM Qa/A QalA Qa/A 

R~ (tons/aqft) { tona/aqft) ( tona/sqft)  
0,52 0,02 0.05 0.04 
0.55 0,04 0 .07 0.00 
0 54 0 04 0 .07 0.05 
0 5  0 04 0.05 0.05 

0.52 0,05 0,09 0.05 
0.59 0 0 4  0~1 0.05 
0.59 0.04 0.00 0.05 
0 83 0.04 0 .09 0 .07 
0 5 9  0.05 0 .15 0.09 
0 5 8  0 0 5  0.1 0.08 
0.58 0.08 0 09 0 0 7  
0.62 0 03 0.06 0 04 

12 Midnight- 800  AM-400  400  PM-12 
800  AM q PM q Midnight q 

Month H (tt) W (ft) (Btuh/Door) (Bluh/Door) (BtuhtDoor) 
January 14 12 78.851 102,128 153~702 
FebrLqtry 14 12 173~255 303~213 259,897 
March 14 12 176~473 308,828 220,591 
~pnl 14 12 158,825 317,652 198,532 

14 12 192,128 345,831 192~128 
Jur'~e 14 12 1 t i l t 518  403,795 242,277 
July 14 12 151r518 363,415 242.277 
/ ~ u s t  14 12 151,263 340,341 264.710 
September 14 12 242~277 505~692 353,415 
October 14 12 205~378 410~757 328.605 
November 14 12 246,454 369~681 287,530 
December 14 12 115,277 230,554 153,702 

Biue font dasIQnataa an inpo 
Red font destgRates a calculi tlon 
Green font designates a resu 

Days per 
of Doom Month 

2 31 
2 28 
2 31 
2 30 
2 31 
2 30 
2 31 
2 31 
2 .... 30 
2 31 
2 30 
2 31 

: 12 Midnight- 800  AM-4:00 4:00 PM-12 
8 O0 AM qt PM qt Midnight qt 

(BtutV2 (Btuh/2 (Bluhl2 
doors) doors) doors) 

115.277 288,192 230~554 
259,897 454 ,820  380~545 
254,710 463 .242  330~887 
238,239 476,478 297:799 
288.192 518,746 298~192 
242,277 605,092 393~415 
242.277 545.123 363.415 
226,894 510.512 397,055 
363,415 908.538 545,123 
308,067 616~135 492~908 
369 681 554,521 t 431~294 
172,915 345.831 ~ 230,554 

12 Midnight- 4:00 PM-12 
8:00 AM 8:00 AM-4:00 Midnight Assumed 
HOU~ per PM Houm per Houm per Equipment 

: Month Doom Month Open ~oom) Doom Month Doom Efl iclen~ 
Open ~ o u m ) O p e n  ~oum) (kW/ton) 

12o 17o I ~ 3  I dO 
115 154 147 1 00 
129 170 103 1,00 
124 165 157 1 00 
120 170 183 1 0 0  
124 195 157  1.00 
129 170 153 1.00 
129 170 163  1 00 
124 165 157  1.00 
129 170 1~3 1 00 
124 155 157 1 O0 
129 170 183 1.00 

Total 1,514 2.006 1,913 

This calculation ¢.~.~s ~o  same methodo~o~t' that was used to prepare ~e  Custor~zed Incentive apptice! on estimates, md certain as  epl~:l as,sumps ions, as dooJ ~erded below 

J I I 
The talculaion methodolo~t Is based upon the 199,4 ASHRAE Reffigerstion Syslerna an( Applications andoook Equ, tlon (9) and (1 !), p263  thro~ h 25 5 

I (0) q t=  q x  D tx  D fx  ( l-E) x (Qs/A) x (1 ] )  
(12) q = 3790 x W x H^1.5 

,:~oace ae~Q~lt temperelure accolcti,rtl~ to orHl~te a s ~ s h e c l  col d atoraQe temperature re ~uJrl~'nefltS by month 
Dr: Decimal deecdbll~ the Pomentage of time ~ doorway Is open. Thla yak.e, iS 10  In ha pre-retrotit ~se  dudn,g [h ~ pedod that th, facility Is o ~  mtng 
Dr: Doorway flow l ictor. This value is 1.0 in Ihe pro-retrofit case, indlcatirtg that fully ast ~biished flow I! assumed 
E: Air curtath eflecth/eneas. This value is 0.25, indicating that ~ aasum~/:l air curtain at octiveness wm poor 
R=: Senlll04a heat ratios are based upon the mOrllNy mean outdoor dry bulb temperature, the coincident relalve humid ~y and the co~ storage tem~ alum, using T Lble 7 
QIVA: ,Semd~a heat load f~ r  =qff of door area, according to ~SHRAE Figut ~ 3 
H: Door height (ft). I J 

q: Calculated per door refdgerl lon load for ~Jlly. establ~she I flow {Bluh) 
a of Doom: Two warehouse openings were retmSt with big I-speed foldin~ doors to redu4 a infiltral~on 

--. qt: Average hOudy heat gain for both doom com~ned urlda r non'hal oporl 1on (Bluh) - -  
E~/Jiprnent efficiency assumed to be 10  kWlton, refdqeraUo~, for compmss�rs, evaporstom and condom ) ,  This is a Iconeervativo a~surnption (an flicmnt system aquvalent to I EER) 

Monthly Load 
from Door 
IntiltratJon 

(ton- 
hrs/month) 

0 ,449 
13~115 
13~804 
12,920 
14,355 
158597 
15,257 
15~055 
23T395 
18 f f23  
17,105 
9,885 

Totat 

I 
I 

Monthly 
Energy Use 
from Door 
Infiltration 

(kWh/month 1 
8144g 

13r115 
13~994 
12,920 
14,,356 
15r597 
15r257 
15 ,056 
23 ,395 
18,723 
17,105 
9r985 

177.751 
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Relroht Celculaf~ons 

Estlmst(KI energy required to condition ~me infiltrallon ~r t~tt~ 1he totroflt i lit-loading do ,re: 

r J ~ . . . . . . . .  
I) Eetlmatee for hounm when fnt-folding doors Me open ~in~ I~ie IlK:amity I=, perallng 

Midnight - Midnight - Midnight " 
8AM MN.n 8AM Mcmn 8AM M ~ n  Colrlcctdetlt ~ M ~ l  

Cold S~mge Outdoor Outd~0ot Outdoor Outdoor Coincident Comcident 
T~npetature Temperl~ro Temperature T~tlpetl~ure Tempe,ratura Outdoor Wet-  Relalve 

Monlh ( 'F )  ( 'F )  ( ' F )  ( 'F )  (°F}  bulb {'F) Humidity 
January 40 48 52 50 40 46. 80% 
February 40 50 56 53 53 50 82% 
March 41 51 58 54 54 51 , 82% 
~prtl  43 52 61 55 56 =52 _ 77% !,~ 

. . . . . . .  43 54 63 57 .58 53 I 72% 
June -- 45 57 67 60 61 56 73% 
July 46 57 67 60 61 56 ! 73% . . . .  

68 61 62 _ .~-  56 ~ ' -  69% 46 58 
-"  - | 66% 1 Sept~mlper 44 59 71 62 64 ST.F_ - , 

O~lobet 44 57 67 61 62 .. 56 _~ 69% I 
Nowlmlper 40 53 60 56 56 52 , _ 78% 1 
December 40 48 53 _ 5 0  50 47 80% ..... 1 

T .... 

112 Midnight- 800 AM- 4:00 PM-12 I 
i 8:00 AM q 4:00 PM q Midnigh! q I 
I ~ doon,  I whGn door, *~.n ~oo~, ! 

M,on~ (BtuhlDoor) lBtuhlDoor) (Btuh/Doo~) ; # o! _Doors 
Januify ! 76,851 192,129 153,702 2 
February 173,265 303,213 259,897 2 
March 176,473 308,828 220.581 2 
Apri l  158,826 317,852 198,532 2 
May 192,128 345,831 192,128 2 
June 161,519 403,795 I 242.277 2 
Jury 161,518 363,415 242,277 2 
Auguet 151,263 340,341 264,710 2 
,.~.p~T, be r 242~277 605,892 363,415 2 
O¢lober 205,378 410,757 328=605 2 
~ov ~T,b~, ~ 246,454 369,981 287~530 2 
Decwmbe~" 115,277 230,554 153,702 2 

m~,=, 
January 
February 
March 
Apri l  
May 
June 
July 
A~Qua 

De,..,.,,b.,, 

E v~:~Gn doors 
Dt Df are open RI 
1 0 80 0 0.62 
1 0 80 0 0.55 
1 0 8 0  0 0.54 

0 8 0  0 0.6 
1 0 80 0 0 6 2  
I 0 80 0 0 5 9  
1 0 8 0  0 0 5 9  

0 80 0 0 63 
! 0 80  0 0 58 
i i :  0 8 0  ...... 0 0 5 8  

_ 0 80 0 0 5 8  
. .  0 80 0 0 62 - ! : i  . . . . . . . . . . . . . . . . . . .  

Midnight - 8AM - 4PM 4PM - 
&AM Qm/A Qo/A Midnight QWA W when door= 

(tone/Imqft) {tone/Iqft) (tone/lqft) H (It) are open (fl) 
0.02 0.05 0.04 14 2 
0.04 0.07 0.06 14 2 
0.04 0.07 0.08 14 2 
0 0 4  0 08 0.05 14 2 
0.05 0 Og 0.05 14 2 
0.04 0.1 0 0 6  14 2 
0.04 0 0 9  0.08 14 2 
0 0 4  0.09 0.07 14 2 
0 0 6  0 15 0 0 g  14 2 
0 0 5  0,I  0108 14 2 
0.06 0 0 9  0.07 14 2 
0 0 3  0 0 6  0.04 14 2 

: , Monthly 
!12 Midnight -I i ! I 2MOooh 800,M 4, ,M2 i ,nerO. 600 AM- ~400 PM-12 
! 800 AM qt I 400 PM qt Midnight qt I 8:00 AM Fas~ 400 PM Fa= Midnight Fag Amount o1 12 Midnight-J 8:00 AM- 4:00 PM-12 ~ DoN ~ Door 

when doors i when doors w,he~'t doors g~d Door Fold Do,or / Fold Door ! Time Door 8:00 AM I 4:00 PM Midnight A~l~Jnled InfJltrllSon Infiltration 
are open I are open i ale ~oen I OPePan0s Og,8,~ngs ~ Op~linglJ Rm.nams ~ Houri per Ho~,lrll per Houre per Equipment whml door/ ~,#h4¢1 doonl 

! < ,oh,2 [ <..uh,2 ! (.tub,2 I(Openings,~Vlo(O'pening~lMo(Openings/Mo p@rPM~ MonUlDoonl MonlhDoorl MocdhDoo. Daysper Efficiency .reopecl( fon areOla1 
doorel ' doors) doors) nth) nth) . nth) (=e¢¢4'1dl) Opal'1 (houri) Open (bourn) Open (houm) M th (kW/ lon)  hr l l lmonth) (kWh/month] 

122,962 307.405 245,924 2,506 5,531 4,321 20 13.92 30.73 24.01 ! ~1 100  1,422 1,422 
277,223 485~141 I 3,903 415,835 2,264 4,996 20 
282,357 494,125 352,946 2,506 5,531 4 ,321  20 
254,121 508.243 317,652 2,425 5~353 . . . . .  4,182 20 
307,405 553~329 307.405 21506 _ 5,531 4~321 20 
258,429 646,071 387,643 2,425 5~353 4,182 20 
258,429 581,464 387,643 t 2,506 5,531 4,321 20 

2,506 5,531 4,321 20 242,020 544,546 423,536 i 
387,643 969,107 581,464 i 2,425 5,353 4,182 20 
328,605 657,211 525,768 ! 2,506 . '  5,531 4,321 20 
394,326 591,489 460,047 2,425 i 5,353 4,182 j 20 
184,443 368,886 245,924 _ 2.506 5,531 41321 . 20 

12.58 27.76 21 88 28 1 00 2,164 2,164 
13.92 3 0 7 3  24 01 31 1.00 2,299 2,299 
1 3 4 7  29.74 23.23 30 t 0 0  2,160 21160 
1 3 9 2  3 0 7 3  2401 31 1.00 2,399 2,389 
13.47 29.74 2323  30 1 0 0  2,642 2,942 
1 3 9 2  30.73 2401 31 1.00 2,564 2,564 
13.92 30.73 ! 24 01 3 t  1.00 2,523 2,523 
13.47 29.74 23 23 30 1.00 3,963 3,963 
13.92 30.73 24.01 31 1 00 3,116 3,116 
13.47 29.74 23 23 30 1 00 2,799 2,799 
1 3 9 2  30.73 24.01 31 1 0 0  I 1,651 1,651 

Total 29,691 

2) Eltimates for houre ~ hlst-foldinQ doom are cloeed bl t ~e facility i l  optrifcng __ 

Midnight - Midnight - Midnight - ~ . . . .  "~ 
8AM Mar l  8AM MNn 8~M,4 M~mn Co,incident Mean ! Mean 

Cold S~m0e Ot.ddoo( Outdoor Outdoor Outdoor Coincident Co¢lcident 
Tempereture Tempersture Tempecature Temperature Temperalure Out0oor Wet- Reluttve 

( ' F )  (°F) ( ' F )  ( 'F )  (°F) bulb (°F) Humidity 
40 46 i 52 50 40 46 80% 
40 50 56 53 53 50 1 82% 

58 54 54 51 1 82% 41 51 
43 52 61 55 56 52 I 77% 
43 54 63 57 58 53 72% 
45 57 67 60 61 56 73% 
46 57 67 60 61 56 73% 
46 58 68 61 62 56 6 0 %  
44 59 71 62 64 57 66% 
44 57 67 61 62 56 69% 
40 53 60 56 56 52 78% 
40 48 53 50 50 47 80% 

Midnight - 8AM * 4PM 4PM - 
E vC, en doorl 8AM Q~A QMA Midnight QeYA W when doom 

Ot I Of are doled F~ (tone/sqtt) (tonelsqft) (tons/sqft) H (ft) are cloled (It) 
! 0 80 0 9 5  0 62 0.02 0.05 0 0 4  14 15 

0 80 0 9 5  0 5 5  0 0 4  I 0.07 0.06 I 14 1 5 
0 80 0.05 0.54 0 0 4  I! 0.07 0.05 14 15 

_ 0 8 0  0 95 0.6 0.04 0 09 0.05 14 1 5 
0.80 0 9 5  0.62 0 05 0.09 0.05 14 15 
0 80 0.95 0 5 9  0.04 0.1 0.06 14 15 
0 8 0  0.95 0.59 0.04 0.og 0.06 14 1 5 
0 8 0  0.95 0.63 0.04 0.09 0.07 14 15 

0 8 0  0.95 0 59 0.06 0.15 0.09 14 1 5 
0.80 0 9 5  0.58 0.05 01 0.09 14 1 5 
0 80 0 95 0.58 0,0e 0.09 0.07 14 I 5 
0 80 0 95 0.62 0 0 3  0 0 6  0.04 I 4 1 5 
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Ret~ol~t Calcul~bon$ 

I 
I 
i 
:12 Midnight- 800  AM- 4:00 PM-12 

800 AM q 4:00 PM q Midrdght q 
when doom ~vh~ doors when doors 

I are doeed ate doeed are doeed 
Month ~L (BtuhtDoor) (Btuh/Door~ (BtuhlOoor) 

:January j 96,064 240 ,160  192,128 2 
;February 216~581 379,016 324,871 2 
iMarch 220,591 386,035 275,736 2 
iApri~ 198,532 397 ,065  248,165 2 
jMI~/ ..... 240,160 432 ,268  240,160 2 - 

June 201,607 504,743 302,846 2 
July  201,897 454 ,269  302,846 
.A'_'~ L'~ j 189,078 425 ,426  330,807 2 
:September I 302,846 757 ,115  454,269 2 
October 256,723 51 3,446 410,757 2 
November 308~067 462,101 359,412 - 2 

: December 1 144,096 288 ,192  192~128 - - ~  

12 Midnight+ 800  AM- 400  PM-12 

when dools wh~  door8 
•re doeed are ~o~d  

( ~d:hr~ (Otuh/2 (Btuh/2 
# of Doors doom) doom) 

7,685 j 19,213_ 15,370 i 
........ ~7,326 ] 30,321 25 ,g90 ] 

7,647 i 30,883 22 ,059 [ 
5 883 J 3 765 19~853 

16~152 I 40 '379  - 24 ,228 ; 
16 '152 t 36:342 24~..228 
15 : i 26  J 34,034 26 4 '~  . . . . .  
24:228 60 ,569 36,342 

.... 20  538 4 076 32~861 

'528 23 055 ~ 5 3 7 0  
. . . . .  , - " ~  I . . . .  

~reen font deelgnateo I r ~ l t  . . . . . . . . .  ~ .__ ~ - - ~  ~ - ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Thin caiculal~on u~el ~ llmrrlel methocJoto~y ~ t [  was u6ed to preperej. . . . . . .  the C u ~ l  spp~catond~aton , t _ i e  omate~ tm d c~t~¢n . . . . . . .  acce~.~ed I Is~l~Jm~bonS,g = a~ documented b 4ow 

- I The cMcuIdon method~ol:lV is based upon the 1994 ASHFtAE R e f n ~ b o c z  Systems and .~ I:~p~icabone Han Ibook Equabo ! ( ) nd {12), 126 3 Ihrough 2~ 5 

12 Midnight- 8:00 AM- 4:00 PM-12 
I 8:00 AM 4:00 PM Midnight 

Houm p4l~r HOAJm per Houm per ~ 
Month Doom Month ~ o m  Month Doom I Eq~pment 

Clo~ed ~ Cloud Days per I Efflc~lmcy 
(houre) (hourll~ (houra) Monl~'l IkW/ton)  

115 140 138 31 1 0 0  
104 126 125 28 1 00 
115 140 139 31 I O0 
111 135 134 30  1 0 0  
115 140 138 31 1.00 
111 135 134 30 1 00 
115 140 139 31 1 0 0  
115 140 139 31 1.00 
111 135 134 30 1.00 
115 140 136 31 1.00 
111 135 134 30 1.00 
115 140 136 31 1 0 0  

Total 1 ~350 1,644 1,631 

Dt: Dedrnd __~__'.~ th® I~lC¢~rltalae o1 Inle the doorwly ill ~ This vaJue is 1 0 when caJculaboP~ ate made for ~ tire hour Wl81 1 ~ automatic dc xs ather opeft )r dosed. 
. . . . . .  Of:Doorwlyflowfil~Or. Thk~d~k~8dunngthePet i~d~wheq1~ '~e~ut~m~t~cd~sMe~Pen~ind j~a tmgs~me~kedR~wduet~d~ Ioddfogandun>ldini 0 8 i e  soal0,piedwhqntheautonl&lcdoomarecfolKl(dt.~ltoproUJding 

E: Door effectlWlnlele. Thhl value is 1.0, during ~ pedod Ihat the aut~'natc doors ~e oJ~n, ILr) d 0 65 ~11 lg the penod I~al the automa| : doom i re  do= lid (0 95 m rgK roman,dad by 1 SHRAE for fasl fdd doom) . . . .  
FkJ: S~'imbie hem, t taboo am ~ upon ~ monthly m e n  ouMoor dry bulb temperature, ~ coincident, re Ibve hum~di~ ~nd the cold sic rage tem~ralul |, ul~in~ T&ble ' ,  

. . . .  Qo/A: Samdbkl he~ll Ioed pe r  aqh of door wea, jaccotdir~l to AE~ 4RAE Figure  3 ~ .~ ...... ! 

H 0oo, h,~,aht (~, [ J ' i - 

;J of DOOm: TWO WOmhOUlNI openiniJs were rettoltt w~lh high ~ folding :foom to reducq inl~ltratlon _ 
i nt" & v ~ i  hmJdV h~N~t aath for bob doom ¢,~, ,~,~ ufldef IIOI1111~ o p e m ~  (BbJh) i - I I I i 

Monthly Load Mocdhly 
from Doo~ .Enerw UuN~ 
Infiltrabon fTom Doo¢ 
when doom Inflltra~on 
am dooe¢l M1ecb doom 

( ton-  I m  doeod 
hrs/month) (kWh/month 

474 474 
739 73g 
783 733  
726 726 
808 808  
875 875  
857 857 
846 846  

1,312 1,312 
1,053 1 ,053 
965 965  
556 556 

Total 9 ,994 

wure~ue D wde) 
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Demand Calculations 

Estimated enel 

Outdoor 
Temperature 

Bin (°F) 
=eak Day 

Outdoor 
Temperature 

Bin (°F)__ 
Peak Day . 

required to condition the infiltration air wit,h the existing 

Cold Storage 
Temperature 

(°F) 
46 

a (ft) 

Peak Hour 
Outdoor 

Temperature 
(°F) 
92 

ir cgrtain syste 

w (ft) 
f2 

Mean Mean 
Coincident Coincident 

Outdoor Wet- Relative 
bulb (°F) Hu .mid~ 

66 24% 

Peak Hour q 
(Btuh/Door) # of Doors i doors) 

776,866 2 i 1,165,299 
[ 

Df 

Peak Hour qt 
(Btuh/2 

f4 i 

Estimated energy required tolcondition the infiltration air wilth the retrofit 

) Estimates for hours when fast-fold!ng doors are p_pen ar an( 

Peak Hour Mean Mean 
Outdoor Coincident  Coincident 

Temperature Outdoor Wet- Relative 
(°F) bulb (°F) Humidity 
92 66 24% 

Peak Hour q ! 
when doors i 

are open / 
(Btuh/Door) I 
• 776,866 -i 

I 

W when doors 
are open (It) 

12 

Df E 
1 0.25 

Peak Hour Assumed 
Duration Equipment 

Doors Open Efficiency 
(hours) (kW/ton) 

t -  

tsl-foldin~ d o o L  . . . . . .  

Dt ~ DI 
1 0.80 

Peak Hour qt 
when doors 

are open 
(Btuh/2 

# of Doors ~ doors) 

Estimates for hours when fast-folding doors are closed 

Mean 
Coincident 

Relative 
Humidity 

24% 

# of Doors 
2 

bl/t the facility is 

Dt 

Peak Hour qt 
when doors 
are closed 
(Btuh/2 
doors) ! 

F 

I 

Outdoor Cold Storage 
Temperature Temperature 

Bin (°F) (°F) 
Peak Day 46 

] 

Outdoor 
Temperature 

Bin (°F) H (ft) 
Peak Day 14 

Outdoor Cold Storage 
remperature Temperature 

Bin (°F) _ (°F) 
Peak Day 46 

Outdoor 
Temperature i 

Bin (°F) F H (It) 
14 

Mean 
Coincident 

)utdoor Wet- 
bulb (°F) 

66 

Peak Hour 
Outdoor 

Temperature 
(OF) 

92 

W when doors 
ere closed 

(ft) __ 
15 

Peak Hour q ] 
when doors I 
are closed / 

(Bt u h/Door)_.~. 
9 Z..t.,..O..E~._J.. 

Peak Hour 
i Fraction of I Assumed 

Time Doors ~ Equipment 
i are Open Efficiency 
1 (hours) I (kW/ton) 
, _ o . f ~ - ~  .... f . 0 0  ...... 

)per at~EgZ- I 

Df are closed 
0.80 

Peak Hour 
Fraction of 
Time Doors 

Closed 
(hourS) 

0.82 

0.92 

Peak Hour 
Load from 

Door 
infiltration 

(ton-hrs/hr) 
97 

E when doors 
a r e  open Ps 

0 0.92 

Peak Hour 
Load from 

Door 
Infiltration 

when doors 
are open (ton- 

hrs/hr) 
19 

E when doors 

0.95 t 0.92 

Monthly Load 
from Door 

Assumed Infiltration 
Equipment when doors 
Efficiency are closed 
(.l~W/ton) (ton-hrs/hr) 

f . o o _ . _ _ L _ ~ L _ _ _  

Peak Hour 
QslA 

(tonslsqft) 
0.3 

Peek Hour 
Demand from 

Door 
Infiltration 

(kW) 
97 

Peak Hour 
Qs/A 

(tons/sqft) 
0.3 

Peak Hour 
Demand from 

Door 
Infiltration 

when doors 
are open (kW 

19 

Peak Hour 
OslA 

~tonslsqft) 

0.3 

Peak Hour 
Demand from 

Door 
Infiltration 
when doors 
are closed 

(kW) 
5 
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Motor Load Energy Calculations 

Estimated energy required to operate the pre-retrofit air curtain system: 

'Annual hours of air curtain operation are equal to the number of hours of warehouse operation (during. which the doois are always open) 

iHours per year 5,433 'The applicatio n estimate was for 5,396 hours per year• 

;Estimated air Curtain fan kW during operation (all six farts) 

From. application '!6.88 . kW 
[ 

IEstimate of energy use per year for all six fans 
; [ 
4 6.88 × 5433 =!37,382 kWh/year saved 

t p 

Estimated en~g.y required to operate the post-retrofit fast-fold doors (motor actuated): 

I i 

i I 

iMotor operation to open and close doors depends upon the number of times each door opens per year (gathered du~ingon-site, 

• The ~ycles peryeari283,853 . application estimate was for only 151,00_0 cycles per y~'ar. - " 

Estimates were provided from the application for the amount 

tTime to open from a~plication!1.71 'seconds 
Time to close from application13.43 seconds 

!Estimates are ihen made for the number of hours per year spent opening and closing these fast-f01d _oors 

Hours peryear opening 134.8 ~hours ! 
Hours peryear closing1270.4 hours 

Estimates were provided from the application for the kW/door required during opening and closing of the fast-fold di~ors 
r t , , 

k W to open from application!0.478 [kW 
kW to close from application 0.669 IkW 

i Finally, energy.estimates are made for annual door motor use required to operate both doors 

(0.4'78 x 134.8) =164 'kWh/year additional use to open automatic d~ors 
(0.669 x 270.4) ='181 rkWh/year additional use to close automatic doors 

of time eich motor must operate to open and close ea~chautomatic 

I 
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Motor Load Demand Calculations 

Estimated demand at the time of system peak for the pre-[etrofit air curtain system: 
I L ] _  I . . . . . . . . . . . . .  

. . . .  , dition The probability of fan operation at the time of system peak is 1.0 in the pre-retrofit cor 
- .... ] I 

Probability on 1 .... ! the application' estimate also ,Assumed 100% fan operation at the time of sy~ 

....... I I . . . . .  

Estimated air curtain fan kW during operation (all six fans, 
E 

i - From application,;6.88 lkW 
. . . .  r - . . . . . . . . . . . . . . . . .  

Estimate 0i on- ,eak demand for a!l six far s . . . . . .  
I 

! 6.88 !kw . . . . . . .  

I 

i 
fast-foSd doors (motor _~!u~i~): Estimated demand required to operate the post-retrofit 

;tem peak 

I I F r 
Motor operation to open and close doors depends upon the number of times each door opens at the time of system peak (gathered d~,Jring on-site) 
- l [ ..... l . . . . . .  ' l - f 
Seconds open at system peak 6 4 9  seconds i 

Seconds opening 5 6 .... seconds/door . . . . . . . . . . .  
Seconds closin 9 111 seconds/door .... 

Estimates are then made for thenumber oi hour s during ihe peak sperii opening and closin 9 these fast.fold doors 

Fraction of peak hour opening 0.01542 hours/door ' ...... - -  ......... I 

F r a c t i o n  o f  p e a k  h o u r  c l o s i n g  0 , 0 3 0 9 4  t h o u r s / d o o r  . . . .  [ _ I' 1 

Estimates wer~ provided_from jhe applicatLon for the kW/idoor required during opening and closing of the fast-fold door~ 

kW to open from application/0.478 - -  kW " -- i i 
kW to close from application 0.669 kW ..  t 

i I . ! 
Finally, demand estimates are made for door motor use required to operate both doors during the peak hour 

(0.478 x 0.OLS42) x 2 = 0.015 kk~ ' aaditional use to open automatic doors 
(0.669 x 0.03094) x 2 = 0.041 additional use to close automatic doors i i - -  
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Results- Impacts 

Exhibit 2909-2 
Evaluation Energy and Demand Impacts 

Impact component 
Open Door Infiltration 

Pre-Retrofit 
177751 

Annual Energy Use (kWh) 
Post-Retrofit 

29r691 
Closed Door Infiltration '- 9r994 
Air Curtain Fans 
Automatic Door Motors 

Total 

371382 

215r133 

Impact Component 
Open Door Infiltration 
Closed Door Infiltration 
Air Curtain Fans 
Automatic Door Motors 

Total 

245 
39t930 

Peak Hour Demand (kW) 
Pre-Retrofit 

97.11 
Post-Retrofit 

18.69 

Impact 
148ro6o 
-9r994 
37e382 
-245 

175f2o2 

Impact 
78.42 

5.31 -5,31 
6.88 - 6.88 

103.99 [ 
0.06 

24.05 l 
-0.06 
79.94 
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Site ID#: 3103 
Check # 62236 
Measure 

Measure 
Description: 

Summary of 
Calculations in the 
Original 
Application: 

Comments on 
Calculations: 

Evaluation Process: 

Additional Notes: 

EMS for Lighting, anti-sweats, HVAC and condenser 

"EMS for lighting, ASW, HVAC & condenser"; action code 453, 
refrigeration EMS. The application form reviewed is incomplete (no 
calculations), however, during an on-site inspection of this grocery, 
information was gathered regarding the retrofit. 

Very unclear records; no calculations are provided. 
Recommendations are made by PG&E reviewers, however, to drop 
the assumed pre-retrofit condensing temperature from 105 °F to 98 
°F (for calculations surrounding floating head pressure controls that 
were instal led). No invoices were attached to verify the equipment 
installed. 

Because no calculations are contained within this particular 
application, the methods used to achieve results cannot be readily 
reviewed. Although the application of this particular EMS measure 
saves energy within the lighting, HVAC and refrigeration end uses, 
energy impacts are recorded in the MDSS under the refrigeration 
action code 453 only. 

An audit of this site yielded equipment holdings and the schedule of 
operation for those systems in both the pre- and post-retrofit 
condition (as affected by the EMS installation). These data are used 
to independently assess the savings for this site. 

An on-site inspection of this facility was conducted with Pat 
Flannigan on September 27, 1996. The inspection included a 
thorough explanation of the characteristics and operation of the 
equipment before and after the installation of EMS controls. 
Additionally, an equipment inventory was conducted, and R-22 
refrigerant conditions were measured during this inspection 
(discharge, suction and condensate temperatures). 
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Impact Results for Site ID# 3103 

kW 

Application 0 

MDSS 0 

Evaluation Estimates 8.65 

kWh Therm 

264,878 0 

264,878 0 

264,878 0 

Engineering Realization 1.00 
Rate 

Customer Billing 
Summary 
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Input - Lighting Systems 

% of lights on at the 
time below on Jul. 
weekdays~ 

~: • ~ 3-4PM 100 
. . . . .  . . . .  :~ 4-5 PM 1 00 

: 1  ;< . . . . . .  | ~ " ' "  

Lighting 
Technology 

Category 
(Key) 

4 Ft. T12 MB 

Number of 
Lamps per 

Fixture 

Total No. 
Lamp of Lamps 

Wattage Counted 
34 88 
60 436 
30 81 
30 8 
30 18 
30 8 
60 35 
32 1 
30 76 

200 12 
50 8 

8 Ft. T12 MB 2 
4 Ft. T8 EB 3 
4 Ft. T8 EB 2 
4 Ft. T8 EB 2 
4 Ft. T8 EB 1 
8 Ft T8 EB 1 
4 Ft T8 EB 1 
4 Ft. T8 EB 2 
Mercury lamp 
Halo~len Spots 

No. of 
Lamps On 

No. of Lamps 
on 24 Hours 

No. of 
Lamps 

Burned Out Location Notes 
88 44 0 Main Sales Floor 

436 218 0 Main Sales Floor 
81 40 0 
8 4 0 
18 9 
8 4 
31 18 
1 1 0 

76 38 0 
12 6 0 
5 4 3 

Main Sales Floor 
Main Sales Floor 
Main Sales Floor 
Deli Case t 
Back Storage 
Back Storage 
Meat Department 
Main Sales Floor 
Main Sales Floor 

Main Sales Floor Lighting (Pre-Retrofit) 
Daytype Start time Stop time Avg. On 
All (open) 6 0.25 100% 
All (closed) 0.25 6 100% 

Back Storage (Pre-Retrofit) 
Daytype Start time Stop time Avg. On 
All (open) 8 0.25 100% 
All (closed) 0.25 8 100% 

Meat Department (Pre-Retrofi :) 
Daytype Start time Stop time Avg. On 
All (open) 6 22 100% 
All (closed) 22 6 100% 

Deli Case (Pre-Retrofit) 
Daytype =Starttime Stop time Avg. On 
All (open) 6 22 100% 
All (closed) 22 6 100% 

Main Sales Floor Lighting (Post-Retrofl I 
Daytype iStart time Stop time Avg. On 
All (open) i 6 0.25 100% 
All (closed) ! 0.25 6 50% 

Back Storage (Post-Retrofi :) 
Daytype !Start time Stoptime Avg. On 
All (open) I 8 0.25 100% 
All (closed) i 0.25 8 50% 

Meat Department (Post-Retrofit) 
Daytype Start time Stop time Avg. On 
All (open) 6 22 100% 
All (closed) 22 6 50% 

Deli Case (Post-Retrofit) 
Daytype i Starttime Stoptime Avg. On 
All (open) 6 22 100% 
All (closed) 22 6 50% 
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Input - Displays 

S T O R A G E  A N D  D ISPLAY CASl !S 
] 

Walk-in for Produce ~, 
Walk-in for Frozen J 

. . . .  i Walk-in for Meat __± 
Walk-in for frozen i 

~WaLk-i 9 for Beverage/Floral 

i 

. . . . . . . . . . . . . . . . . .  ] _ 

440 Square Feet 
500 Square Feet 
312 Square Feet 
484 Square F_~t 
120 Square Feet 

Squa ra_ F_e?t 

Display Type Manuf Single Multi 
Deck Deck Open 

Vegetable i Hussmal V V 
Iced Vegetable Hussmaf ",/ V 
Flowers Hussman 
Dairy 
Ice Cream 

Hussman q q 
Hussman 

Frozen Food Hussman 
Frozen Food Hussman 
Frozen Food Hussman 
Dell Cheese Hussman 
Ice Cream Hussman 
Vegetable Platforms Hussman 
Beverage Hussman 
Sea Food Hussman 
Meat Hussman 
Frozen Meat Hussman 

V q 

V 
q V 

q V 
V 

Meat Display Lighting (Pre-Retm ~t) 
Start Stop 

Daytype time time Avg. On 
All (open) 5 23 i 100% 
All (closed) 23 5 = 100% 

Produce Display Lighting (Pre-Retrofit) 
I 

Start Stop i 
Daytype time time I Avg. On 
All(open) 7 23 i 100% 
All (closed) 23 7 ; 100% 

J 

4o i Template=re 
40 jTemperature 
0 I Temperature 

32 Temperature 
32 ! Temperature 

i Temperature 

Strip 
Curtain 
l ime 

(from:to) 

i 

Glass 
Dcx~r Lineal Lamp 

Reach Feet Count 
In 

! 40 60 
16 0 
g 6 

60 10 
72 12 

-,/ 72 12 
~/ 9 3 

i 72 12 
i 72 12 

q 8 1 
I 

144 0 
58 9 
20 10 
60 30 
36 0 

I r 

r 
tt lE~aP Fan~ kW 

Evap Fan kW 
Evap Fan kW 

I Evap Fan kW 
Evap Fan kW .~ 
Evap F ~  kW - 

Dairy/Frozen Display Lighting (Pre-Retrofit, 
Start Stop Daytype !S ta r t  Stop 

Daytype time time Avg. On 
All (open) 2 1 100% All (open) 2 1 
All (closed) 1 2 100% All (dosed) 1 2 

i : 1 ~ . . . . . .  ] : L 
1" The settings for the display ii,qhts were found to be mistakenly set to shut off f u s t l  our perr day. 

24 
.... il 1 
Fan Cycles or Continuous? 

24 Fan Cycles or Continuous? i 
24 Fan Cycles or Continuous? 
24 Fan Cycles or Continuous? 
24 Fan Cycles or Continuous? 

Fan Cycles or Continuous? 

Number 
Lamps Watts Fixt Fixt of 

length Lamps 
/Fixt /Lamp (feet) Descrip Burned 

Out 
2 40 4 T-12 0 

1 55 6 T-12 0 
1 55 6 T-12 0 
1 55 6 To12 3 
1 55 6 T-12 0 
1 55 6 T-12 3 
1 55 6 T-12 0 
1 55 6 T-12 0 
1 55 6 T-12 0 

1 55 6 T-12 0 
2 40 4' T-12 0 
2 40 4' T-12 0 

Meat Display Lighting (Post-Retrofit) 

Daytype Start Stop 
time time Avg. On 

A (open) 5 23 100% 
All (dosed) 23 5 0% 

r i 
Produce Display Lighting (Post-Retro it) 

Start Stop 
Daytype, time time Avg. On 
All (open) 7 23 100% 
All (closed) 23 7 0% 

i 
I 

Dairy/Frozen Display Lighting (Post-F etrofit)l" 

time time Avg. On 
100 % 
O% 

I 

! l ...... 
i 
J 
t . . . . . .  

/ 

i i 

I 
i I 

• I" : i ' 1 

I i 

Jay. Thi; was ;l~daied dL rn.qthe~n-site. 
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Store Lighting Calculations 

Estimatecl energy !mpacts due to EMS control of the lighting systems.' 

Lighting 
Technology 

Category 
(Key) 

4 Ft. T12 MB 

Number of 
Lamps per 

Fixture 
4 

2 

Location Notes 
Main Sales Floor 
Main Sales Floor 8 Ft. T12 MB 

4 Ft. T8 EB ' 3 Main Sales Floor 
4 Ft. T8 EB 2 Main Sales Floor 
4 Ft. T8 EB 2 Main Sales Floor 
4 Ft. T8 EB 1 Deli Case 
8 Ft T8 EB 1 
4 Ft T8 EB 1 
4 Ft. T8 EB 

Back Storage 
Back Storage 
Meat Department 
Main Sales Floor 

Connected 
Load of the 

Lighting 
System (kW) 

2.99 
26.16 
2.43 
0.24 
0.54 
0.24 
2.10 
0.03 
2.28 
2.40 
0.40 

Pre-retrofit 
Annual Hours 
of Operation 

8,760 
8,760 
8,760 
8,760 
8,76o 
8,760 
8,760 
8,760 
8,760 
8,760 
8,760 Main Sales Floor 

! l Total 39.81 1 i 
i 

Post-retrofit 
Annual Hours 
of Operation 

(Open) 
6,661 
6,661 
6,661 
6,661 
6,66_ 1 
5,840 
5,931 
5,931 
5,840 
6,661 
6,661 

i The . . . . .  ; EMS does not reduce lighting system use at the time of system peakS3:00 PM to 4:00 
iTherefore EMS control of the overhead ligjjhtin 9 systems does not yield demand savings. 

Post-retrofit 
Annual Hours 
of Operation 

(Closed) 
1 049 
1 049 
1 049 
1 049 
1 049 
1 460 
1 414 
1 414 
1 460 
1,049 
1,049 

,Mercury lamp 
Halogen Spots 

i Both the evaluation and the application estimates indicate no demand impact during the system peak. 

f . . . .  i _ 

Blue font desi nates an input 
i Red font designates a calculation. _ ~ . ; . . . .  ~ 

Green font designates a result. ! ; i I 

Annual Energy 
Impact 
3,140 

27,452 
2,550 
252 
567 
350 

2,97_0 
45 

3,329 
. . . . .  2,519 

420 
43,593 l . . . . . . . . . .  kWh 
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Anti-Sweat Calculations 

Estimated energy impacts due to EMS control of the anti-sweat systems: I i i | 
. . . . . . . .  F J . . . . . . . . .  ] - - ~ - "  i ± . . . . . . . . . . . . . . . . . .  I 

i ] L : ! 
- -  e -to i~ufffficient ddocumentation within this particuiar applica~-on, anti-sweat device connected load estimates were not available. 
.... JAnti-sweat loads wereavaiia, l~iel-however, from an a l t e r n a ~ - p a i ~ e a r  1 ~  a_l~l~cation (same store chain)l. | - - -  

i J ] ! • - r I ............ [ 
Anti Sweat Connected Load - 17 30 kW ~ i 
........... - ......... - "- ~ . . . . . . . . . .  -" . . . . . . . . . . . . . .  - t  . . . .  ~ ........... 

The EMS controls the anti-sweat heater operation by cycling on just 50% of the load for a ]particular 10 minute_period. ~ 
Two circuits supply.__an_ti-sweat !oads~_ though just one circuit operates at a given time. I 
In the pre-retrofit condition, anti-sweat heaters were all operated at once, 24 hours/day and 365 d ays.pe!_y.ea 7 (8,760 hour_.s 

, The EMS du t~yc le  applied reduces the coincident demand of these heaters:, by one-half. 

i Anti-Sweat Demand Impact = 7.30 noncoincident k w demand x 0.50 t .............. 
-T = 8.65 LkW ] I 

The application estimate of demand for this measure is 0.0 . 
~, PG&E only all0ws energy sav!n~s for anti-sweat control devices, not demanc 

The evaluation estimate of 8.65 kW are, however, legitimately saved at this site. 

Estimated of energy saving s ~ ~ _~ I 

Anti-Sweat Energy Impact = 17.30 noncoincident kW demand x 8,760 hours/year x g . 5 ~  I - - -  

i iTh_e~.application energy estimate for 
i PG&E only allows energy savings for anti-sweat control devices, not demanc i 

. . . .  • ! 

I i The evaluation estimate of 8.65 kW are, however, legitimately saved at this site. ; 

per year). 
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Display Lighting Calculations 

Es t mated enerlgy impactsdue to EMS contro! of the disP!aY lighting sEstems~ i 
_ I ~ - ~  

FiN Type 

The display lighting systems are controlled by the EMS during store after-hours. 
~Durir~ certainhours of the night ~hts within the disp/a3s are sh~ off~ ~L  g ........................ 
In pre-retrofit condition all store displTay lights operat.Te 24 hrs/day an d 365 clays pe! 

I I 
i I 

Lamps/Fixt 

T-12 2 

T-12 
T-12 

Display Type 

Vegetable 
Iced Vegetable 
Flowers 
Dairy 
Ice Cream T-12 1 

T-12 1 Frozen Food 
1 Frozen Food 

Connected 
Load ofthe 

Lighting 
System (kW) 

2.40 

T-12 
T-12 

0.00 
0.33 
0.55 
0.66 
0.66 
0.17 

1 Frozen Food O. 66 
T-12 1 Deli Cheese 0.66 
T-12 1 Ice Cream 0.06 

Vegetable Platforms 
Beverage 
Sea Food 
Meat 
Frozen Meat 

T-12 , 1 
T-12 
T-12 

Blue font designates an input. [ 
Red font designate s a _cal_culation. 
Green font desiqnates a result! 

' Total 

0.00 
0.50 
0.40 
1.20 
0.00 
8.24 

Pre-retrofit 
Annual Hours 
of Operation 

8,760 
I 8,760 

8,760 
i 8,760 
I 

8,760 
_ 8,760 

j 8,760 
8,760 

-- i 8 , 7 6 0  
..... 82760 

8,760 
1 

] _ 8_,Z.6.P 
. 8,760 

8,760 
8,760 

Post-retrofit 
Annual Hours 
of Operation 

/Open/ 
5,840 
5,840 
8,395 
8,395 
8,395 
8,395 
8,39.5 
8,395 
8,395 
8,395 
8,395 
8,395 
6,57o 
6,570 
6,570 

year. 

Post-retrofit 
Annual Hours 
of Operation 
(Closed) 
2,920 
2,920 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 

2,190 
2,190 
2,190 

I 
i 
i 

~TheEMS d0es-not reduce display liglhiinfiuse at the~time of systern ~eak i 3:00 PM to 4:00 PMi ~ _ 
Therefore EMS control of the display . lighting systems does not yield demand savingS. 

!-Both the evaluation andtheapplication esiimates indic~e no de mand~actdur ing the System p~ak. 

i 

Annual Energy 
Impact 
7,008 

120 
201 
241 
241 
60 

241 
241 
20 

181 
876 

2,628 

12,058 kWh 
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Other Measure Calculations 

Since the information surrounding the application estimates for the condenser retr£fit and the floating head pressu[e measur # .ale !ncomplete, 
the remainder of this analysis will scrutinize the overall impact attributed t~h i s  application.~ i 

.~For the condenser and floating head pressure measures, ap~licatio______nn records indicate that Lm_pact figures were carefully scrutini:;ed. 
- .-~i:h_er~ore, a combiner analysis, usinQ__app_l.ication records for those~articular measures is specilied below / . . . . . . . . . . . . . . . .  

Measure nergy Impact Demand Impact Source of Impact 
l ~ ~ t i n ~  [ 43,593 , - 0 l Evaluation ...... l 
/ ~ Controls / 75,774 i 8.65 [Evaluation ! . 
. Display L ght ng 12 058 0 Evaluation , 

Adjustable Speed Drive i 91,480 i 0 Application i i 
. . . .  ! Floating Head Press~Jre 40,700 0 IApplication i . . . .  ~ -  - - - -  I 

: - ! Total - 263:605 8.65 i ....... i . . . . . . .  ~ .... '. 

i l l  LL  "rhe aPl::)-/icai;on-s ~ecifies ~n energy impaci o-f 264-~8 ~ ~ m .  
~ T_he application s~ecifies a demand impact of 0 kW. ! 

Th_e application e ne.rgy estimate has therefore been verifi~cl~ - i . . . . . . . . .  i " ! 1 !_ 
Recommend using the evaluation e-stimat----e° f0i demand, however, which incorporates impacts associated with anti-sweat contrail 
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Site ID#: 3110 
Check # 62100 
Measu re l~K'x~ |LTA ~ O [ e ]  i t  i l l )  | I I i i . ~  t i i  i B.'~'i'L~.i [O  [~'J [O[~'l l  i I n i[:.l I i i.,~:1 i ~ l ~ i  [ ~ .  k ' [~ 

Measure 
Description: 

Summary of 
Calculations in the 
Original 
Application: 

Comments on 
Calculations: 

"EMS - lighting and anti-sweats"; action code 453, refrigeration 
EMS, and action code 164, lighting EMS. 

Estimates prepared for lighting and anti-sweat savings are based 
upon reduced system operation during nighttime hours (when the 
store is closed). 

Calculations performed are well documented for this grocery site. 

Evaluation Process: 

Additional Notes: 

Although the application form reviewed included an assessment of 
savings due to the control of overhead lights, only the portion of the 
retrofit associated with refrigeration controls is reviewed in this site 
report. Alternate analysis methods (though not presented here) 
were used to analyze Customized Incentives retrofit savings for 
lighting systems. 

An audit of this site yielded the schedule of operation for lighting 
systems in the refrigerated displays (in both the pre- and post-retrofit 
condition, as affected by the EMS installation). These data were 
used to supplement the savings calculations within the application 
by generating an independent assessment of the savings associated 
with the refrigerated case display light controls. 

An inspection of the compressor room also suggests that the EMS 
system is used to control additional components of the refrigeration 
system. No savings estimates were applied for, however, 
surrounding these additional controls. It is therefore likely, that the 
savings estimates provided in the application submitted have greatly 
underestimated the impacts associated with this EMS retrofit. 
Unfortunately, data available on-site did not support an assessment 
of these other refrigeration control strategies. 

An on-site inspection of this facility was conducted with Kevin Sank 
on October 23, 1996. The inspection included an explanation 
surrounding the operation of the equipment before and after the 
installation of EMS controls. Additionally, a refrigeration 
compressor inventory was conducted, and R-502 refrigerant 
conditions were measured during this inspection (discharge, 
suction and condensate temperatures). 
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Impact Results for Site ID# 3110 

kW kWh Therm 

Application 0 75,781 0 

MDSS 0 75,781 0 

Evaluation Estimates 8.65 82,660 0 

Engineering Realization 
Rate 

Customer Billing 
Summary 

1.09 
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Input - Displays 

Although the on-site audit conducted did not include a thorough examination O f the lightin~systems serving store refrigeration displays, 
estimates °f display I~ighting I°ads wer i  available fr°m an alternate paid year 1995 applicati°n (same st°re ~hain) i l  ', ill iiii] i [ ~,  - ~ ±  1 •  -ri ~ ~, -_ ....... ~[] - ' ~ -L 

information gathered during the on-site indicated that freezer and beverage display lights are turned off for 7 hours every night ~11:00 I 
.Lig.ht!_n9 s~_stem _estin~ates for just those particular dispI y s are jorovide, d below 

i . . . . .  r - -  ] , , - -  , 
. . . . . . . . . . . . .  I " - i ' -  r STORAGE AND DISPLAY CASES ~ i 

PM til (;:00 AM). 

t 

Strip Glass Fixt 
Display Type Manuf Single Multi Open Curtain Door Lineal Lamp Lamps Watts length Fixt 

Deck Deck Time Reach Feet Count /Fixt /Lamp (feet) Descrip 
(from:to) In 

Ice Cream 
Frozen Food 
Frozen Food 
Frozen Food 

Hussman -,,/ 72 12 1 
Hussman q 72 12 1 
Hussman q 9 3 1 
Hussman q 72 12 1 
Hussman '.,/ 8 1 1 
Hussman q -,,/ 58 9 ! 1 

I ; L 

:rofit schedules for those lights are as follows ~ 
] ] i 

Ice Cream 
Beverage 

The pre- and post-ret 

Controlled Display Lighting (Pre-Retrofit) I Controlled Display Lighting Post-Retrofit) 
Start Stop Start S top !  

Daytype time time Avg. On ~ Daytype time time 'Avg. On 
All (open) 6 23 ~ 100% All (open) 6 23 100% 
All (closed) 23 6 ! 100% All (closed) 23 6 0% 

55 6 T-12 
55 6 T-12 
55 6 T-12 
55 6 T-12 
55 6 T-12 
55 6 T-12 

L 
L 

, - i i 
, F 

i ! 

4 

Number 
of 

Lamps 
Burned 

Out 
3 
0 
3 
0 
0 
0 

I . . . . . . . . . . . .  ['- 
i l 
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Anti-Sweat Calculations 

Estimated energy impacts due to EMS control of the anti-swea t systems: ! . ~ . . . . .  I 
Z 

Anti-Sweat Connected Load = i 17.30~ .,kW't ,' ! 
i ! [ I ' 

. . . . . . . . . . .  The EMS controls the anti-sweat heater operatior ~ by cycling on just 50% of the load for a ~articular 10 minute period. 
Two circuits supply anti-sweat loads, though just one circuit operates at a given time. I 
In the p re-_retref!! co nd!tion, anti-sweat heaters were all operated at once, 24 hours/day and 365_do..ays per year (8L760 hours per year). 
The EMS dUtYTCyCle applied reduces the coincident demand of these heaters _bY one-half, i ~~iiit~ 

J I - - ~ ...... I . . . . . . . . . . .  Anti-Sweat Demand Impact =i 17.30 noncoincident kW demand x 0.50 ' i 
T8 . . . . .  

= ,65 k W  ] = I 
__-~ _---------___ - i ~ i  ~The application estimate of demand for this measure is 0.0.7--. _ ...... 

. . . .  i PG&E °n!Y allows energy savings for anti-sweat control devices, not demanc 
. . . . .  i The evaluation estimate of 8.651 kW are, however, legitimately___ saved at this site. 

Estimated of energy savings I I [ __. ~ ;  i 

Anti-Sweat Energy Impact =i 17.30 noncoin~dent kW demand x 8,760 hours/year x 0.50j 

L . . . . . . . . . . . . . . . . . . .  '-7- --175,774 i kWh/year saved .... l 
i The application energy estimate for this measure is comparable, 75,78i -kW . 

Page 1 



Display Lighting Calculations 

Estimated energy impacts due to EMS control of th e display lightingTsystems: 

The dispJay lighting systerns are controlled by,he EMs during store after-hours. 
!During certain hours of the night lights within the d!s~lays are shut off. 
Jaln pre-retrofit condition all store displ ~y I~h_ts operate 24 hrs/day and 365 days per 

! 
i I 

FiN Type Lamps/Fixt 

T-12 

Display Type 

T-12 1 Ice Cream 
Frozen Food 

T-12 1 Frozen Food 
T-12 1 Frozen Food 
T-12 1 Ice Cream 
T-12 

I 

Blue font designates an input. 
Red font designates a calculation. 
Green font designates a result. 

Beverage 
I 

Total 
f -  

Connected 
Load of the 

Lighting 
System {kW / 

0.66 
0.66 
0.17 
0.66 
0.06 
0.50 
2.70 

Pre-retrofit 
Annual Hours 
of operation 

8,760 
8,760 

Post-retrofit 
Annual Hours 
of Operation 

/open) 
6,205 
6,205 

8,760 6,205 
8,760 6,205 
8,760 
8,760 

6,205 
6,205 

year. F 

Post-retrofit 
Annual Hours 
of Operation 

/Closedl 
2,555 

Annual Energy 
Impact 
1,686 

2,555 1,686 
2,555 422 
2,555 1,686 
2,555 1 41 
2,555 

iThe EMS does not reduce display lightj!~g use_at the time of system peak (3:00 PM to 4:00 PM) 
iTherefore EMS control of the display lighting systems does not yield demand savingS. 
i The savings~jected for display_lighting controls are in addition to thoseprgjected in the appJicaticm. 
i L 

t 
! 

1,265 
6,886 kWh 
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Refrigeration Summary 

Results listed are revised based upon application review/evaluation 

. . . . .  ~ t 

t _Measure Energy Impact 
/ Anti-Sweat Controls 75,774 

- - ~ ib is~ay Lighiing i 6~-86 
" ..... .... . . . .  ~ Totai I 82,660 " 

i 

Demand Impact i Source of !mpactt . . . . . . . . . . . .  
8.65 ....... i Evaluation 

0 i Evaluation 
8.65 , i 

L ~ ~ The application_s~ecifies an energy impact of 75,781 kWh. 
" . . . .  !- t The application s~ i f ies~ a dem.an i impact of 0 kW. i 

. . . . . . . .  I _ _  _ • 

.The appli~tion energy and demand estimates have been revised. 
i ln the future, PG&E should consider the incorporation of demand impacts due to anti-sweat control. 

Page 1 



Site ID#: 3946 
Check # 
Measure 

61 634 

Measure 
Description: 

Summa ry of 
Calculations in the 
Original 
Application: 

Comments on 
Calculations: 

Evaluation Process: 

Additional Notes: 

The retrofit site is a cold storage facility with an agricultural food 
processing plant contained within the refrigerated warehouse. The 
retrofit performed at this site consists of the replacement of older 
refrigeration equipment with new compressors, condensers, 
evaporators and controls; action code 469: 

Estimates are provided for the refrigeration load difference of the 
replaced and new system. The application clearly documents both 
the new and replaced systems, and all assumptions regarding the 
operating hours required to maintain warehouse setpoint 
temperatures. 

The assumptions used to generate the estimates in this calculation, 
though based on very old pre-existing equipment, are conservative. 
Energy savings associated with evaporator defrost controls are not 
included in the savings estimates. Nor are demand savings 
claimed. 

The new equipment are designed to meet the refrigerated 
warehouse loads while operating at optimal efficiency using 
modern energy management system (EMS) control strategies. The 
Hench EMS system provides both evaporator control using the 2T8 
panel and compressor and condenser control using the Omni 
panel. Monitoring provides real-time measured condensing 
temperatures, indoor air temperatures at each evaporator, elapsed 
evaporator runtime, and outdoor dry bulb and wet bulb 
temperatures. 

Based on the sound engineering methods applied in the 
application, the evaluation analysis focuses on verification of the 
equipment installed rather than an analysis of the calculations 
performed. 

An on-site inspection of this facility was conducted on October 5, 
1996 with Fred Doty and Rick Pate (a PG&E representative). 
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Impact Results for Site ID# 3946 

kW kWh 

Application 0 484,156 0 

MDSS 0 484,156 0 

Evaluation Estimates 0 484,156 0 

Engineering Realization NA 1.0 NA 
Rate 

Customer Billing 
Summary 

Therm 
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Input - Facility Operation 

During an on-site inspection information were gathered re larding the equipment retrofit: 
r 

i 
Number of Units Equipment Description 

M&M 100 h~ c0mpressor I 
M&M :ZOO h~ compressor ![ 
Evaporative Condenser w/5 hp water pump & 25 hi::) fan 
Krack Evaporators w/5 fans each @ 1/3 hp 

I-lench 2T8 and Omnni EMMS contr.;i} 
! 
i 

12 
1 

i Notes I 
i Matches application. 
i Matches application. 
I Matches application. 2 speed fan 
i Matches application. 
I Based on application records. ! 
+ i 

i 

motor. 

Data were provided regarding the significant differences ,n evaporator defrostiog pre-to-post r~trofit. L - 
T 
[With the current syste m, defrost occurs just once per day 0n av~erage, based on fan runtime mpnitorin~. ! 

The duration of each defrost is just 15 minutes, using hot gas. L recievei i0r hoiding ~ s i ~  h~ 9a.s. 
[Nopu~ in~ i s  required. l':he evaporators-aje located Up high o n the wail and can be drained down to the 

r 
t : . . L ! 

!With the old evaporators (located at 9round level), defrost required significant pumpin 9 to remove I~uid prior to hot gas de ng. 
The total duration of each ~frosi  was 45 minutes, including th~ significant am0unt of time required to purnp ~own the systen~- 
! ; l T T . . . .  
~lhe benefits of this improved defrost system were not included in the application savings, i I [ 
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Site ID#: 3970 
62984 Check # 

Measure 

Measure 
Description: 

Summa ry of 
Calculations in the 
Original 
Application: 

Comments on 
Calculations: 

Evaluation Process: 

Floatin~ Head Pressure Controls and Liquid Pressure Amplifier 

The retrofit site is a small 25,000 sq ft grocery. The retrofit 
performed is designed to lower the condensing temperature (and 
therefore discharge pressure), thereby improving the efficiency of 
compressors at this site. The retrofit measure includes the 
installation of two liquid pressure amplifiers (LPAs) to maintain 
adequate liquid pressure leading to the refrigerated cases and other 
end uses. 

Two 1/2 hp LPAs were installed next to each of two compressor 
racks, in-line with the condensate return feeding the store cases 
(located upstairs in the back of the store). Both compressor racks 
are R-502 Hussman systems. The LPA devices add pressure to the 
subcooled refrigerant, thereby eliminating the formation of flash gas. 

This retrofit is stored in the MDSS as action code 486, Booster 
Desuperheater. 

A temperature bin model (of pre- and post-retrofit compressor 
energy use and compressor loading) was used to model this 
refrigeration system. Impact estimates assume that subcooling will 
account for a maximum 35 °F drop in condensing temperature, and 
that there is a 1% savings in energy for every degree of condenser 
temperature reduction. Calculations are based upon an assumed 
5,883 hours of compressor operation per year. 

The bin model provided indicates that there is a dramatic decrease 
in refrigeration case loads with a reduction in outdoor ambient 
conditions. The model also suggests, however, that the pre-retrofit 
condenser temperature is relatively constant, and only varies during 
the highest outdoor temperatures. If this is the case, then store case 
loads and compressor loads should not be affected by ambient 
conditions -- the store indoor temperature is constant (the primary 
case load) and a static condensing temperatures indicate a constant 
discharge pressure. 

Also, the condenser fan hp modeled is smaller in magnitude than 
actual equipment found at the site. 

In addition, although the application clearly states that 5,883 full 
load hours are assumed for both the low and medium temperature 
applications, the medium temperature bin analysis assumes a 
significantly lower load. 

Lastly, the medium temperature compressors are modeled as an R- 
22 system. An on-site inspection has shown that both compressor 
racks are charged with R-502. 

The bin models were rerun with updated assumption regarding 
case loads as a function of outdoor temperature and full load hours 
of runtime. In addition, condenser fan loads were increased to 
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Additional Notes: 

compensate for the increased hp observed. 

An on-site inspection of this facility was conducted on September 
24, 1996 with Fred Zanotto. 

During the on-site inspection equipment records were recorded 
and various temperature measurements performed to verify floating 
head pressure controls. During the visit outdoor ambient 
conditions were 74 °F, and condensing temperatures were 74-87 
°F (depending on the location and time of each measurement), 
which is consistent with application assumptions surrounding post- 
retrofit condensing temperatures. 

Impact Results for Site ID# 3970 

kW kWh Therm 

Application 0 107,048 0 

MDSS 0 107,048 0 
[ 
I 

Evaluation Estimates 0 147,887 0 

Engineering Realization NA 1.38 NA 
Rate [ 

Customer Billing 
Summary 
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Input - HVAC Eqpt & Assumptions 

Data used in these calcualtions are provided below based 

Equipment inventory 
V 

Manufacturer 
Hussman 
Hussman 
Hussrnan 
Hussman 

Model 
Number of Units 

Installed 

Equipment 
M T Cgm~re~ssgr 
MT Compressor 
LT Compressor 
LT Compressor 

PR4204RLKU 1 
1 R4005RSKU i 

HA CD-92-K [ 1 
HACD-69-K i 1 

[ 

First, various ecluipment were record~c~ 

Amperage Phase 
87 3 

i 87 
L 

: 64 
! 

largely upon information gathered 

Blue font designate s an input~ 
Red font desLgnates a calculation. 
Green designates a result. 

3 
64 3 

3 

during the on-site 

i 

Notes 
:Low temperature (LT) R-502 con )ressor 

or alternatively from the applicatic~n. 

rack; 2 reciprocating corn~essors. 
i Medium temperature (MT) R-502 compressor rack; 2 reciprocatin~ compressors: 
i Air-cooled condenser, 8 fans @ 0~75 hp ea~:- - r i 
IAir-cooled condenser, 6 fans @ 0.75 hi::) each. 

T 

ed 

Efficiency Power Factor Maximum kW Voltage 
220.0 
220.0 
220.0 
220.0 

0.87 
0.87 
0.87 
0.87 

0.85 ~ 32.39 
0.85 L 32.39 
o.85 I 25.85 
0.85 ~ 23.83 

: 

[ 

I 
JL 

! 
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Low Temperature 

EsUmated energy required tO meet the low temperatur t refrigeration load. 

Weather data from the application for Mo|fett Field weft used 

Outdoor Dry . Annual i 
Bulb i Observations I Annual 

Temperature I per Bin Ii Operating 
(°F) ! (hours) ,I Hours (_hours) 
90 ; 6 4 
85 i 24 ~6 
80 i 84 _56 
75 I 207 139 
70 ! 535 380 

Pre-Retrofit r 
Condensing i Full Load 

Temperature i 
(°F) i (tons) 
103 i 11.5 
97 i 11.5 
95  ; 1!.5 
95 11.5 
95 11.5 t 

65 j 1 ~07~  
/ 

60 i 1,754 
55 1_975 
50 1 ~545 
45 + 934 
40 451 
35 138 
30 24 
25 I 

8,754 

B lue  f£nt d?s!gna_t#s an inp! LI= 
Rej::l Ion! desj.gnaJes a calm lat ion. 
Green font designates a re.cLdt. 

m 
723 95 

i , 179  T - 95 

1,327 I 95 
i ;o36 ~1 9`5 
628 95 
303 95 
93 95 

i 16 95 
1 95 

5~883 , 

11.5 
11.5 
11.5 
11.5 
11.5 
11.5 
11.5 
t l . 5  
11.5 

Rated 
Efficiency 
(kW/ton) 

3.34 
3.34 
3.34 
3.34 
3.34 

Baseline 
Compressor 
Energy Use 

(kWh) 
155 
620 

2,168 
5,343 
13,810 

3.34 27,775 
3.34 , 45,276 i 
3.34 . 50r980 ! 
3.34 39~881 60 

Condensing I 
i Temperature Reduction in 

w/ Condensing 
Subcooling Temperature 

(°F) (°F) 
103 
97 
92 
86 9 
8O 15 
75 i 
69 
63 

J 

I I 
1 
! 
I 

', Additional ! 
Savings per i Condenser 

Degree Subcooling i Fan Use to | 
Condensing Savings I Reject Heat i Added Load 
Reduction LPA Use (kWl {kWh) (kW) (kWh) , 

1 -  0-51 - 2 -  ; 0 1O/o u 

: 1~: 4 ~  ; 0.6 , 051  125~ I : 

32 I 1%- 16314 0.6 ', 0.51 i 1512  
35 i 1% 13955 0.6 ~ 0.51 ! 1183 

3.34 11,642 i 60 35 1 1;/o Zo~s~ o~ ~ ~ i  ! 345 " 
3.34 3,562 i 60 '.5 '% I~7 ~ 0.6 ~ 0.̀51 1 ~ : 
3.34 620 60 3 5  i°/o 21-7 ! - ' -  i 106 
3.34 25 r 60 35  i;/o 99 ! 0 . ~  

1 225,966 I kwh ! 641202 Lkwh ~ ; 61645 ~kWh 
:App]ication es.Uma te is 225 896 kwh. ~ApjDiicaiion estimmate i ;  62,~8i kWh: Appiication es~tim~te is  4 ,0~ i  kWh~ 

i i ! ! / 
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Medium Temperature 

Estimated energy reguired to meet the medium temperature refrige[atton load. 
i i ' 

Weather data from the application for Mo~att Field wer~ used 

+ 

Annual i 
Bulb i Observations i Annual Condensing Rated 

Condensing 
Baseline I Temperature Reduction in 

Compressor Sub : /  ling i Condensing 
Energy Use ; Temperature 

(kWh) (°F) 

Outdoor Dry Pra-Retrofit 

Temperature per Bin I Operating Temperature 
(°F) (_hours) ! Hours (hours) (°F) 
9 o  . ~ - ~ ~ - !  t9,~ 
85 24 16 1 0 5  

8g_ ~ 8 4  ~ 5 6  105 
75 . 2.Q7 . 139 105 
70 535 360 105 ~ 
65 1 t076 723 105 
60 . 1~754 1j179 105 
55 , 1~975 _ l t327 , 105 
50 ~ 1,545 1,038 ~ 105 
45 ~ 934 628 . 105 
40 ~ 451 303 . 105 
35 ~ 138 93 ~ 105 
30 ~ 24 16 i t o 5  
25 ' 1 1 I 105 

, 8j7754 5~883 ; 
i t 

- -  _ _  i_ 
Blue font designates an inpilt. 
Red font designates a caJ(:=!lation. 
Green f0n~ d~signetes a re.= ult. 

Full Load 
(tons) 
26.0 
26.0 ; 
26.0 
260  
26.0 
26.o 

Efficiency 
(kW/ton) 

127 
1.27 
1.27 
1 27  
1.27 
1 . 2 7  

133 
533 

1,864 
4,593 
11,6_72 
23,877 

103 
97 
90 
84 
78 
72 

(°F) 
2 
8 
15 
21 
27 
33 

26.0 i 1.27 t 38,922 65 40 
26.0 ! 1.27 ! 43,826 60 45 
26.0 1 27  ! 34,285 60 45 
26.0 ; 1.27 20~726 60 45 
2 6 0  127  10,008 60 45 
26.0 i .27 ' 3,062 60 45 
26.0 1.27 533 60 45 
26.0 1 27 22 60 45 

194j257 "kWh 
JApplication estimate is 10gI583 kWh. 
I r 
I 

Savings per 
Degree 

Condensing 
Reduction 

1 25% 
1 25% 
1 25% 
1 25% 
1 25% 
1.25% 

T 

Additional 
Condenser 

Subcooling Fan Use to ~I 
Savings Reject Heat Added Load I 

(kWh) (kW) L PA Use (kW) (kWh) 1 
3 0.51 2 

5 3  0.51 8 + 
350 0,51 29 ~r 
i_ 2_ 06 o. s o. 51 18~ _ ~L 

t 4_oo_7 o.6 0.5_I 465 ~ 
9849 0.8 0.51 97_6 i 

1.25% . 19461 0.8 o. 51 1590 i ~ ,  
1.25% 24652 0.8 ~ 0.51 1791 
1.25% 19285 T 0.8 0.51 1401 t l  I _ ~ i i ~  i~ 
1.25% ! !.6_5~ ~ 0.8 i 0.51 847 4, - 

] 0.51 1.25o/o 562..9 ; 0.8 4 0 9 !  I 
12~/o 17.~ T 0.6 I 0.51 125 ii~ i~ ~i 
1.25% ~ /  

' 9 8 , ~ g  i , ~ i  , 
LApplication #stimaLe is , 5 ~  kWh. ~Appiicai, . . . . . . .  o'h estimatte i s ~ _ _  2,7~4 kWh.~__  

f 
~ Gross Impacts 90, ;30 ikwh 

! • 
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Site ID#: 4519 
Check # 63 748 
Measure 

Measure 
Description: 

Summa ry of 
Calculations in the 
Original 
Application: 

Comments on 
Calculations: 

Evaluation Process: 

An Energy Management System (EMS) was installed at a large 
commercial refrigeration company; action code 453. The EMS 
controls refrigeration equipment that serve three warehouse 
buildings. Three engine rooms drive this R-71 7 ammonia system, 
though only two of these rooms are serviced by the new EMS 
system. This warehouse processes, cools and freezes vegetables 
and fish. The application states that the control system saves energy 
using the following strategies: floating head pressure, floating 
suction pressure, evaporator coil defrost optimization, and 
evaporator fan control. 

Bin models were developed to estimate equipment energy use at 
this site -- including condensers, compressors, evaporators and 
other cooling equipment. Assumptions and model results are well 
documented. 

The majority of the savings at this site are associated with improved 
compressor performance. Reduced condensing temperatures and 
reduced discharge temperatures are the parameters used in the 
calculations to dictate these savings. Reduced condensing 
temperatures effectively reduce the compressor energy 
requirements, while increasing the condenser energy use. Savings 
result because the head pressure (against which the compressor is 
working) is reduced. Reduced discharge temperatures also provide 
a reduction in the discharge pressure and a corresponding 
compressor savings. 

Calculations for warehouse impacts are based upon a pre-retrofit 
minimum condensing temperature of 85 °F, and a post-retrofit 
minimum condensing temperature of 70 °F. 

Calculations for blast freezer impacts are based upon a pre-retrofit 
minimum discharge temperature of 85 °F and a pre-retrofit 
minimum discharge temperature of 70 °F. 

Condenser energy use is modeled as a function of heat rejected. 

Impacts are not provided for either evaporator fan run-time 
reduction nor evaporator defrost optimization. 

On-site records indicate that the suction pressure and discharge 
pressure settings have not changed since the EMS system was 
installed. This also means that condensing temperatures also have 
not changed (and that floating head pressure control was used prior 
to the EMS retrofit). Although this suggests that the compressor 
savings should not have been claimed, compressor savings were 
achieved at this site -- however, these savings were achieved by 
increasing the suction pressure on the warehouse loads. 
Compressor savings are actually achieved by reducing the pressure 
differential across the compressor, regardless of whether the cause 
of this reduction is associated with reduced discharge pressure or 
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Additional Notes: 

increased suction pressure. 

Since the EMS was installed, ice production at this facility has 
increased dramatically. The refrigerant conditions used during ice 
production require both a high discharge pressure and a relatively 
low suction pressure. The high discharge pressure (and 
temperature) is needed to ensure that hot gas will "release" ice from 
the ice-machines. However, these conditions are not desirable for 
the warehouse loads. The EMS system has contributed to a design 
to tailor the warehouse suction setpoints for that particular load. 
During periods of ice production (all hours except the summer on- 
peak time-of-use period) there are substantial savings associated 
with this elevated suction pressure. 

Additionally, because condensing temperatures have not changed 
since the EMS system was installed, the condenser penalties 
modeled in the application estimates of savings are not applicable. 

The evaluation does not attempt to reproduce the bin models 
provided in the application, but instead uses alternate methods to 
validate those estimates. 

An on-site inspection of this facility was conducted on October 5, 
1996 with David Gros and Rick Pate, a PG&E representative. 
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Impact Results for Site ID# 4519 

kW kWh Therm 

Application 61 52 7,4 73 0 

MDSS 61 527,473 0 

Evaluation Estimates 61 52 7,473 0 

Engineering Realization 1.0 ] .0 NA 
Rate 

Customer Billing 
Summary 
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Input - Facility Operation 

The contact provided the scheidule during which ice is produce 

i I 
! Post-Retrofit Post-Retrofit 

Begin Ice End Ice 

at this facility 

Post-Retrofit 
Hours of Ice 
Production 

Daytype ! Season i Production I Production i per Day 
w e e ~  i Summer; i 6 : ~  / 12:()(]n-o0n / 16 i i 

24 i Weekday ]Non-sIjmrner ~ 1 2 : ~ d n i g h t ] 1 2 : o o  rnidnight~ , ! I 
Saturda tAli - 12'00 midn~hi|12:06 midnight 24 ' 1 
Sunday ;All |12:00 midnight~12:00 midnightl 24 

; The PG&E summei season i; d~ined as the pedod May 1 to October 31; the summer on-peak Costing period duiing this t~me includes t~e hours 12:~ con to 6:00 P . 
A.tho .0n successfu,,y s peak ac.v,i  is .oi  cessa  sso#.ted for  n ,zed here 
Most of the time, ice production needs can be met durin~these non-peak periods. Ice is normally produced using the maximum capacity ~f each system l 

This site "shuts down" December through March every year. During this Period, u§age surrounding ice m_akinrg ~ vaccurn tu~,s, and~ressur~ Coo!ing i s sus)ended. I 

"shut down"T I 1 ! , 
=~[(31 days in Dehce~,m~/r= + (31 days in January)+ (28 day s i n February)+ (31 days in Marchl)~x (24 hours/~lay) 

Duiing the Shut down period and durng the summer on-peak pedod, suction temperatures can be raised due to the suspension of ice making and 0ther highi pressure refi igerani en( 

TSite contact records provided the following: ; j ~ ~ I 

i ! ] | I ! 
I Post-Retrofit ~ Post-Retrofit | ~ I 

Suction D ischarge ! | ! 
SysTtem Pressure (psi) Pressure (psi) i Notes I i 

IC~ldp~ti2n/v;ccurn iubZs~iissure coo n" 12-~ i 11~i lTriest°-achieye 120 psi discllarge--wh-eneve~:)s~!ble i 

"The ice pr_oduction (etc) Conditions aisoo apply to pre-retrofit cold room operation during the ~eriods When tl~ose systems a~e 0peratin~. , 
In the post-retrofit condition, selperate suction (and compressors) are dedicated to the cold 3ores during allperiods. 

Biue iont designates an input.i ' ! . 
Redior~t d~signates a calcula!iOn. ' 
Green designates a result. 

L 

! 
i 

i I 

I 
J 
/ 

I 
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Cold Room Suction 

1) Assumptions: 
Following the retrofit, the site contact estimates that 1200 hp of compressors are dedicated to the cold rooms (when operating at the h/giber suction temperature). 
when ice making e~uipment (or otf~r high pressure discha[ge loads) were provided in the pre-retrofit case, tllis same load w~as met byroou~,rhly 1.575 h£. 

iThis added load is due to the difference in compressor efficiency caused by the higher discharge pressure and the lower ~ucction pressur~j. 

2) Impact Calculations: 
The difference m hp required to meet load is applicable only during the hours that ice is prodLj~ced in the pos~retrofit conditiqn. 

During all other hours (the summer onn-I.~l~TOU p e ~  and the winter "shutdown" period), the di--scharge a-nd s-ucti-on p-ressures areset f o r ~ i m a l  cold ro~m refrigerant conditions anyway. 

Estimating the connec ted  load on the cold room compressor system in the pret-retrofit conditiqn 

Compressor kW =. (1575 hp) x (0_.746 kW/hp) & Ll/0.90 motor', efficiency) 
= 1,306 kW maximum 

] i 1 
Estimatin~qthe connected load on the cold room compressor system in the po~t-retrofit condiljon t 

! 

3ompressor kW =i(1200 hpp~ x [0,746r.__ kW/hp) x (1/0.90 motoriefficiency ) 
= gg5 '~kW rnaximum, L r " 

Using the application ~ost-retrofit compressor energy usage for this measure in conlunction with the maximum compressor kW estimate, =q~valent full-loa~hours can be ~ack-calculatec 
~e  a p ~ i ~ n  compressor energy-use in the ~5;-i~i;of~t condition ~s ~,5'i9,~82 kk'~y;~4r at o~e-ia~"i~. . . . . . .  ~ -  

-Thel ~pPlic-atiOn coml~ressor energy use.,, in the post-retrofit condiii0n is 514i417~ _797 kWh/year ~at another . . . . . . . .  faciltcil~. I 
IThe application compressor energy use in the post-retrofit condition s 514~36 kWh/year ~or blast freeziqg. 1 
Thr-e applioati-ori compressor connected load i51-1,759 kW. ! 

o estimate equivalent full load hours (EFLH) _ 

EFLH =i~(1,549,182 kWh/year) + (514,797 kWh/yea~ + (514,236 kWh/year)) / 11759 kW maximum 
= '1 466 ~Hours of full I~oad operation/year in the post~r-etrofit conditi4n ~ 

I . . . .  1 
Fo adjust for the "shut down" period, it is assumed that only 33% of normal compressor loads La[e observed dpring this per/oR 

EFLH= ~EFLH x 4 months x3).÷(EFLH x 8 months)b12 
= ,~2 443 ~Adj.usted compressor full load operation/year in the post-retrofit condition 

"This is a conse~,'a#ve estimat~of~ornl~ressoor full load hour~ of operation. T 

~lext, the hours per year with ice making (or other compressor intensive activity) is estimated t 

Hours ice making is restricted to al l  partialpeak and off-peak periods during the summer season 
Hours = (((31+30+31+3!+30} days) x [(5/7 x 18) + (2/7 x 24)] hours/day} ~ [(~30+31+30)'24] 

= 5,200 Hours per year with high pressure discharge 

To calculate the impacts associat~with a reduced compressor ~oad 
L 

Energy Imnpact - ( -  5 . . . . . . . . . .  200 hours / 8~760 hours~ x _,2 433 fu oad~hours x (1 306~ kW- 995 kWj ,I i 
=, 450,768 ~kWh compressor savings per~rear. ,, I 

iTh e application energy imEact is 527,473 kW~h/year in total , ~ 
These are the benefits resulting from just one implemented facility operational change, that has evolved al  a result of th~ EMS retrofit. 
Other savings at the site, though not cLuantified here. will certainly contribute (for example, evaporator faq controls -- both cyclingand defrost controls 

II// 

T 

T 

t 

I 
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Cold Room Suction 

I" ; i 
i 

Because there is no ice making at the time of system peak, there are no peak rSaVings associa!ed with this pa~rticular measure, i 

, Conclusions: 
- -  • ' , J t  

The purpose of the evaluation implemented for this EMS retrofit iis to verify theaccuracy of application impacts, and to replace those estimates only in the event that a g~oss error is d~,tected, j~ 
,~1 impact loads were not necessarily included in the al:x:~v? calculations (!or ex,~mple, eva~oora~r loads loads were excluded from the evaluafion estimate_s 1 d condenser leads a ie  assu~ed to not chant~lei. 
The calculations peffgrm=ed_hav? gen~eranyverified the ac(:uracy of the applicatlpn form energy, impacts, i 
On-peak demand impacts, though not realized for the measure explored here, could not be rejected based upon this analysis ialone. 

Page 2 



Site ID#: 4521 
Check # 57720 
Measure 

Measure 
Description: 

Summa ry of 
Calculations in the 
Original 
Application: 

Comments on 
Calculations: 

Ice Water Recovery System for Produce Injector System 

The retrofit site is a large agricultural cold storage facility, where 
produce are injected with ice and stored for a short period prior to 
being shipped to market. The retrofit performed at this site consists 
of an ice water recovery system for the produce injector system; 
action code 489: 

An ice-water slurry is applied, via an ice injector, to broccoli at the 
this cold storage facility. The pre-retrofit system looses all spilled ice 
and water which is simply drained away. An ice and water 
recovery system was installed to recycle this spilled slurry, thereby 
reducing make-up water requirements and ice production. 

Estimates are provided for the quantity of water and ice lost per 
pallet as a forklift removes each pallet from the ice injector system -- 
90 gallons of water and 30 Ib of ice. The liquid recovered is then 
converted to equivalent ice recovered, 202 Ib per pallet, and the 
annual volume of ice recovered -- 4,000 tons. Estimates are then 
provided for the annual refrigeration requirements at that plant to 
produce 4,000 tons of ice, and thus the savings -- 165,042 
kWh/year. No demand savings are claimed. 

The majority of the ice production savings for this retrofit is due to 
the reduction in make-up water that is added to the system. The 
injector actually delivers an ice-water slurry. Make-up water must 
be added, to maintain the necessary ratio of ice and water, and thus 
ensure appropriate delivery of ice to each pallet of product. By 
recovering 32 °F water, and thus reducing the requirements for 65 
°F make-up water, less ice is melted to attain the desired slurry. 

The site contact indicated that ice production does not occur during 
the summer on peak period, thereby verifying the decision made 
on the application) to exclude peak period impacts. 

The refrigeration system (compressors and condensers) serving this 
facility are maintained and operated by an adjacent (neighbor) 
company. Therefore, the PG&E account shown on the application 
is not the account where savings associated with the retrofit are 
realized. This affected the downstream billing analysis. 
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Evaluation Process: 

Additional Notes: 

Calculations are revised using data collected from the site contact 
regarding the quantity of ice delivered to each pallet, the reduction 
in make-up water, and verified assumptions from the application. 

An on-site inspection of this facility was conducted on September 
24, 1996 with Eloy. A follow-up interview was also conducted 
with Randy Ford for additional details. 

Impact Results for Site ID# 4521 

kW kWh Therm 

Application 0 165,042 0 

MDSS 0 165,042 0 

Evaluation Estimates 0 1 65,042 0 

Engineering Realization NA 1.0 NA 
Rate 

Customer Billing 
Summary 
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Input - Facility Operation 

The contact provided the schedule during which rce is produced at this facility: 

Hours of Ice 
Begin Ice Production 

Daytype Season Productior~ End Ice Production per Day 
Weekday Summer • 6:00 PM 12:00 noon 1 6 
Weekday [Non-Summer 12:00 midnight 12:00 m_idnight 24 

I I m  

-Sunday All 12:00 midnight 12:00 midnight 24 ' t 
• 

• The PG&E summer season is defined as the period May 1 to October 31; the summer on-peak costin 9 period during this ~me includeslthe hours 12:0~ noon to 6:00 . 
The ice making machine normall~ runs at 100% of cap~city. , . . . . . . . .  
There are 300 tons of ice storage at this facility. '. ! t -  

Additional d at~ contributing to the calculations includels the following: 

Parameter 
Cartons of Broccoli Iced 
Cartons per Pallet 
Pounds of Ice Added 
Reduction in make-up water 
Pre-Retr0fit S E!ll=e ~ Ice 
Pre-Retrofit Spilled Water 
Ton Ice Conversion 
$_pilled Water Temperature 
Make-u P W~er Temperature 
Pounds of Water Conversion 
Ice Heat of Fusion 
kW Conversion 
Ice-maker Suction Pressure 
Ice-maker Discharge Pressure 
20 psi Suction and 85 Condensin 
20psi Suction and 85 Condensin 
.2Opsi Suction and 95 Condensin 
20 psi Suction and 95 Condensin 
20ps i  Suction and 87 Condensin 
20 psi Suction and 87 Condensin 
Tons Refrigeration Conversion 
Compressor Motor Efficiency 

I 

Blue font designates aninp_uL i 
Red ion-t design~es a-caiculation~ 
Green designates a result. 

Value Reported 
2,000,000 

48 
1,000 
0.67 
30 
90 
1.5 
32 
65 

8.34 
144 

0.746 
20.0 

155.0 
227.5 
286.0 
218.1 
321.1 
293.0 
225.6 

1.3 
92% 

Units of Parameter Notes 
cartons/year Site contact unable to u~date this applicati0~ record. - -  .~ - 
cartons/pallet Proyide d by site contact. 
Ibs ice/~al!et Although a larger_, quantity . . . .  is delivered the_ . . . . . . .  remainder is sEL____illed as waterand~ I=,,, , ~, ,_.ice 
dimensionless There has been a 2/3 reduction in make-up water delivered since the ret ro,)t. 
IbS ice/pallet Ba,.ed on apl~iication records. ! / " • 
gallons/pallet Based on applic~iti0n records. 1 i 

tons/ton ice/24 hrs Based ()n application reco~'dsl I 
o F 
oF 

Ibs water/gallon 
Btu/lb ice - i [ 

kW/hp 
psi Based on site contact record,~. 

• T T 

psi Based on stte c on~ct re.colds ~ • _~ 
tons refrigeration Based on application records for remote ammonia ice m a k ~ .  

BlIP Based on apl~lication records for remote ammonia ice maker~r. 
tons refrigeration ~ Based on application records for remote ammonia ice maker~, t 

BHP Based on application records for remote ammonia ice maker~. 
BHP Based on 20 °F suction ~ e r  site Conta~) and 87 °F-su~on-(per application), 

tons refrigeration /Based on 20 °F suction (Eel ~ contact) and-87 °F su~on -~er  applicatioq). 
BHP/ton Based on 20 °F suction. A~pli~ation records are based on a suction temperature of 1 5 ° F  elding 1.42. 

% efficient 'Based on applilcation records. ~ ] . . . . .  T - 

I ! '. ~ , . t 

L I . i - 
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Ice-Water Slurry Recovery 

1} Assumptions: ' ' 
There are 2,000,000 cartons of broccoli iced er ~y?ar @ 48 cartons per pall~, or 41,667 diets(year. 
Pallets that arrive directly from the field are norm~v- iced with about 1,000 Ib~ of ice per pall~.t. - ~ . t _ _  T ] 
Based on a~lication records for t h=e Me-retrofit condition, a slurry containing 90 gallons of water and 30 Ibs of ice was nor ally spilled d u r ~  the injectior~ of each pallet t 
According to those records, 100% of this spilled slur~ was Ios~ to the drain. " i ~ . . . . . . . . . . .  

With the ice recove~s_ystem inptace, it is assumed that all of ihis shied water and ice is sated. ~ [ " - 
The recoveryof the ~e-watei-red~ces the~nt~o~ma-ke-up-water  ~at  must 10e added to the system, which in-turn reduces the qu~antl~of = ice melte~ to achieve th~desired slurr~consistency. 
This in-turn re.(:Juc-es~~e q-uantify of ice melted to achiev~he~es~red ~ c~nsistency. ~ " - J ~ , 

IN'This in-turn reduces~ the quant!i'y; of ice me/ted to achieve th e desired slurrylconsistency.! _ ~ 

i . . . .  

2"~ I m~act Calcu I'i-°-n§: ~ i ! - f ~- - 

For every ton of ice injected, additional ice must be made that is melted whert make-u~ wate is introduced. 
Application records indicate that 90 gallons of 32 °F water are spill?d during ~roduct injection~. - I - 

TO estimate the ;quivalent ice production associated with this spilled water (that must be rej~laced with 65 !F make-up wal~r} ~ : ~ ~ I T - 

Lbs equiv, ice =1~90 gallons/pall'et~ x 2L,000,00() carton,s/ear)x (1 pallet/48"cartons)x (8.34 Ibs water/gallon)x (65-32 °F water differential)x (1 Bt~u~m °F-water} ~// 144 Btu/Ib ic~ heat of fusio~ 
" = 7 , 1 6 7 . 1 8 8 L L b s "  Egu iv  i ce lyear  " i . . . . . . .  

Converting to to'ns ] I 1 ] 
Tons Ice = (7~167 188 Ibs equiv ice/Eear } x ~ ton/2 00() Ibs 

= 3 584 ~Tons equiv ice/year ice) 

Additionally, spilledice is recovered t 

Lbs ice =[~30 Ibs ice/.~llret } x (2,000,000 cartons/year) x (1 palletJ48~ cartons) 
==~ t, 250 ~ 00~bs  Equiv ice/year , t " 

Converting to tons ~ t ~ - 

Tons Ice =1(1_250 000 Ibs i ice/year)x (1 ton/2,000 Ibs ~ce) _ . : 
=1625 J~Ton ice/year , , 

Summing all saved ice ' n / r i - -- 

Tons Ice = (3,584 tons ice/year) + (625 to  s ce yea ) 
=t4,209 Tons ice/year . t 

!T~-a~l icat ion assumes 4,000 tons ice/year 

Finally, the energy consumption is estimated for making deferred ice ~due to rthe retrofit}. 
Hard copy application records indicate ihat ice production requires 1.42 BHP/ton ice, while evaluation results are based on ~.3 BHP/ton ice at 20 psi suction. 

Energy Impact ='(4 209tons ice/year) x (1.3 BHP/ton refrigeration) x ' " - - -  - - - -  ~ / -  • r (1.5 tons refrigeration/ton ice/24 hrs) x (24 hrs/d~y) x (0.746 k~//hp)/ (0.92 ~otor efficiency] [ 
=1159,555 ,kWh year i i { 

IThe application estimate is 165 042 kWh/yea~r. , . . . . .  ; I 

i ' i 
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Ice-Water Slurry Recovery 

3) Conclusions ~ I I ' ! ~ / 
! ! , i 

t The purpose of the evaluation implemented for this measure is to verify the accuracy of apj0 icat on impacts and to replace those estimat s oni in the e ient that a ross error is dete'ted 
All impact loads were not necessarily included in the above calculations (for example, ice shaving , loading and delivery loads and conden loads were e ~  uded from the evaluation es ares.). 

IThe applic~ion impacts therefore are a conservative estirnaie ~f savings. " ! : : " ~ I . . . .  -~ 
JThe calculations performed have generally verified the accuracy of the apphcatlon form methods. These enefqy impact estimates appear rdliable i i 
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Site ID#: 5499 
Check # 60407 
Measure EMS for store lighting, case lighting, anti-sweats and condensers; VSD 

retrofit for the condenser fans 

Measure 
Description: 

Summa ry of 
Calculations in the 
Original 
Application: 

Comments on 
Calculations: 

Evaluation Process: 

Additional Notes: 

"Installation of EMS/Refrigeration/lighting control" and variable 
speed drive for the condenser; action code 453, refrigeration EMS. 

Savings are estimated in this application for improved compressor 
efficiency resulting from a reduced minimum condensing 
temperature setpoint (from 85 °F to 70 °F). 

Additionally, the EMS controls store overhead lights, and 
refrigerated case lights and anti-sweat heaters. 

Lastly, condensing fans have been retrofit with variable frequency 
drive (VSD) fan speed controls. 

This application is well documented and clearly explains the 
proposed retrofit at this grocery store and all assumptions regarding 
the associated savings. 

An on-site audit of this facility has shown that all equipment 
specified in the application were installed and that the systems 
specified are currently controlled by the EMS. 

Condensing temperatures measured at the time of this audit indicate 
that a floating head control strategy is used for the condenser. 
Condensing temperature leaving the condenser (before liquid 
subcooling) ranged from 72 °F to 76 °F, while ambient dry bulb 
conditions were 62 °F. These measurements are consistent with 
application minimum condensing setpoint assumptions. 

The final impact verification consisted of a billing comparison. 
Billing records clearly show an impact following this retrofit that is 
at least as large as claimed savings. Impacts in the application were 
adopted as the evaluation estimate of savings. 

An on-site inspection of this facility was conducted with Eric 
Hansen on October 18, 1996. The inspection included a thorough 
explanation of the characteristics and operation of the equipment 
before and after the installation of EMS controls. Additionally, an 
equipment inventory was conducted, and R-404A refrigerant 
conditions were measured during this inspection (discharge, 
suction and condensate temperatures). 
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Impact Results for Site ID# 5499 

! kW kWh Therm 

Application 10.2 213,981 0 

MDSS 10.2 213,981 0 

Evaluation Estimates 10.2 213,981 0 

Engineering Realization 1.00 1.00 NA 
Rate 

11 Customer Billing 
Summary 

388,502 
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BILL5499 

Monthly Energy 
SflelD Year 1 

5499 1992 182,724 
5499 1993[ 215,418 
5499 1994 ! 200,061 
5499 1995 181,859 
5499 19961 t70,055 ~ 164,309i 176,378 172,348 

Monthly Marx Demand ' 
Site ID Year 11 • 

5499i 19921 2901 ' 

2 3 4 5 6 7 8; 9 
174,890 t89,280 ]88,412 216,497 203,768 216,4081 224,772 [ 213,591 
1%,~70 216,075 201,040 215,574 207,151 219,002 ~ ~23,7!7 1 21~15a8 
181,440' 208,3411201,943 211,216 219,819 241,081i 239,433 l 22£~46 

" ' 191 9491 ~1,329 173,526, 191,416 172,556 178,364, 177,396 193,253 i ~ - ~ - 
185,696 188,280, 198,363 i 

2 3 i 4] 57 6 
269 304 ~ 307' 336 365 
3 4 7  ~ 3 4 4 i  i 3 4 2  3 4 9 [  

1 0  I 11 12 Calander - Oct-Sepl i 
216L822~ i99,274 i 185,173 2,4"11~z61i ._ 
209 886 ! 204 980 i 182 816 I 2,503~018 2 506,604 
2207f9i 204,952 I 162,87761 21517,181 2,5261262 10i% 

- Y ~ 7 0 4 i  i72~677[ Ii77,488j 22~1"i4~516 2,230,249[ 89% 
, 197,251~ 121,067 - ! ' ~ ~ 1,5737745 2,046)61~ 82~2o 

i 8~ 9 1 0  111 l~Max imum ~ . 
7! 37(3 365 363I 363: 3449] 370- ! i 

310 t 3071 3151 336 i [ 

360! 
54991 1993: 341~ • ~ 325 
54991 1994 ~ 31~ 317! 325 ~. 347 ! 342 366[ 376] ~70] 368 
54991 1995T 28~ 302! 299! 310 302 307[ 304 i 3366~ 3-3-3- 
5499T 1996 ~ 31~ 307T 315 ~ 285 30ill 301' 3c# l 325! 357 

conlparison of Calendar 1995 and Caien~ar 1993: '1 , t ~ i i - [ ~ T - -  

Energy Comparable to, and in fact exceeds the claimed savings of 213,98 kWh/year[ + I . 
l i 

(2 503 018 kWh- 2 114 516 kWh)/2,503,018 ~Wh [ ] I , t 
/ 16% Savings to the 1993 bdl, , , ~ , ~ , . ~ 
i A calendar year 1993 vs i995 Comp'arison was selected since a post-retrofit inspection was not conducted unt~l DD~cembel of 1994. ' ' i 
i Note that a .1992 or 1994 base year yields a simi!ar savings e~timate. 

)emandd Comparis0n 0( Calendar 1996 and Calendar 1993: " 
I 

Max 1993-1996=[ 11 ]kW 
iDemand comparable tothe claimedsavings of lb.1 kW 

i T 

1 368 kW : :~s~ kW_~/3 60 kw i 
L 3% Savings to the 1993 biit~ 
!A calendg[~ear !993 vs 199~ cg~parisgn was selected to be C0nservati'~e. 
[Note that a comparison with the 1995 peak would have sug,.ested a larger impact. 

i 

I 

I 

!- 

T 
t 

A t 
! 
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Demand Chart 
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Appendix C 
Billing Regression Analysis 



C. BILLING REGRESSION ANALYSIS 

This appendix documents the detailed analytical steps undertaken in the billing regression analysis 
of Pacific Gas and Electric Company's (PG&E's) 1995 Nonresidential Retrofit Program for the 
Commercial Sector (the Commercial Program). Both net and gross billing analysis models were 
implemented, however, the net model was unable to provide statistically valid results due to 
problems of multi-colinearity. This appendix begins with a discussion of the analysis periods and 
data sources used in the billing regression analysis. Then, the results of the data censoring that 
was applied to the billing analysis sample are provided. Next, the gross billing analysis regression 
model specification and SAE coefficients are presented, along with the relative precision 
calculations. Finally, the net billing analysis regression model specification and results are 
presented. 

C. I OVERVIEW 

The key objective of the billing analysis is to determine the first-year program energy impacts. A 
statistical analysis is employed to model the differences of customers' energy usage between pre- 
and post-installation periods. The model is specified using actual customer billing data and 
independent variables that explain changes in customers' energy usage, including engineering 
estimates of program participation. This statistically adjusted engineering (SAE) analysis is 
consistent with the requirements of the Load Impact Regression Model (LIRM) defined in the 
California Public Utilities Commission's (CPUC's) Measurement and Evaluation Protocols (the 
Protocols). 

The results of the billing regression analysis are estimated as ratios, termed "SAE coefficients," of 
realized impacts to engineering impact estimates. Realized impacts represent the fractions of the 
engineering estimates actually "observed" or "detected" in the statistical analysis of actual billing 
data. The SAE coefficients estimated in the billing analysis regression models are relative to the 
results of the evaluation-based engineering estimates, not the PG&E Program ex ante estimates. 
The SAE coefficients, the estimation of which is the topic of this appendix, are then used to 
estimate program impacts and realization rates relative to the ex ante estimates. 

As discussed below, the billing regression analysis was conducted on a sample of telephone 
surveyed participants and nonparticipants. Because many Commercial Program participants 
installed measures under multiple end uses, one integrated billing analysis approach was used to 
model the Lighting, HVAC and Refrigeration end uses. 

C.2 DATA SOURCES FOR BILLING REGRESSION ANALYSIS 

The billing regression analysis for the 1995 Commercial Program Evaluation uses data from five 
primary data sources: the PG&E Management Decision Support System (MDSS) tracking 
database, the billing database, the telephone survey data, the engineering estimates of changes of 
usage between the pre- and post-installation periods, and the weather data tapes from PG&E's 
load research weather sites. A summary of the data elements used in the regression analysis are 
presented below. 

C.2.1 Program Participant Tracking System 

The participant tracking system for the Retrofit Express (RE), Retrofit Efficiency Options (REO) and 
Customized Incentives Programs was maintained as part of the MDSS. It contains program 
applications, rebate and technical information about installed measures, including measure 
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description, quantity, rebate amount, and ex ante demand, ad energy and therm savings estimates. 
The MDSS database is linked to the billing database and other program databases through PG&E's 
customers control numbers. 

C.Z2 PG&E Billing Data 

For this evaluation, the PG&E billing data were obtained from two different data sources within 
PG&E. The original nonresidential billing dataset contains monthly energy usage for all 
nonresidential accounts in PG&E's service territory, and was used in the sample design as 
described in Appendix A: Sample Design. The billing histories contained in this data base only run 
through September 1995. 

The second billing dataset, which consists only of customer accounts in the surveyed dataset, was 
later obtained from PG&E Load Data Services. This billing dataset contains bill readings that run 
through September 1996, and was therefore used in the billing regression analysis. In addition, 
the billing series from this database is the PG&E pro-rated monthly usage data, a series calculated 
by PG&E for each calendar month, from January 1992 to September 1996. 

C.2.3 Weather Data 

The hourly dry bulb temperature collected for 25 PG&E load research weather sites was used in 
the billing regression analysis to calculate total monthly cooling and heating degree days for each 
month in the analysis period. For each customer in the analysis dataset, the appropriate weather 
site was linked to that customer by using the PG&E-defined weather site to PG&E local office 
mapping. 

C.2.4 Telephone Survey Data 

All available telephone surveys (except for the Canvass surveys, which do not collect detailed 
information regarding changes that have occurred at the premise) collected as part of the 
evaluation for the Commercial Sector Program were used in the billing regression analysis. Four 
telephone survey samples totaling 1,21 7 participants and 652 nonparticipants were collected for 
the Commercial Sector Evaluation. The 1,217 participant surveys included 614 Lighting 
participants, 487 HVAC participants, and 241 Refrigeration participants. Because of the significant 
levels of cross-over among participants across the Commercial Program end uses, one integrated 
billing regression model was developed to evaluate all three Commercial Program end uses. 

The data collected in the telephone survey supplies information on energy-related changes at each 
site for the billing period covered by the billing regression analysis. For a detailed discussion of the 
telephone survey sample design and the final sample distribution, see Appendix A: Sample 
Design. 

C.2.5 Engineering Estimates 

Engineering estimates of savings were estimated for each of the 1,217 participants. Separate 
estimates were calculated for every measure installed under the Commercial Sector Program. The 
engineering estimates were calculated based on expected savings from the pre-installation 
technology to the post-installation technology. For some technologies, such as Central A/Cs 
installed in the HVAC program, the savings estimates will differ from the impact estimates. This is 
due to the impacts being calculated relative to a baseline efficiency, compared to the savings 
estimates which are based on a pre-existing unit's efficiency. Appendix B: Engineering Detailed 
Computational Methods discusses the calculation of the savings estimates used in the billing 
analysis in greater detail. 
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For all measures, customer-specific engineering estimates were used in the SAE billing regression 
model, except for some Customized Incentive measures. For customers with EMS and "Other 
HVAC" Customized Incentive measures who were not on-site audited, the impact estimates 
supporting the application were used as the engineering estimates for the SAE analysis. From the 
engineering analysis based on the on-site audited measures, it was determined that the 
application's energy estimate was reasGnable and accurate for all but one EMS application (which 
was not part of the SAE analysis). 

For the "Other HVAC" Customized Incentive measures, the measures can be so unique and the 
impact estimates so dependent on building characteristics and other equipment installed at the 
facility, that it is very difficult to estimate an impact without performing an on-site audit. However, 
the level of documentation provided along with the applications was sufficient to allow for an 
assessment of the quality of the impact calculations made. A review of the applications associated 
with the "Other HVAC" Customized Incentive measures indicated that the applications provided 
the best data for use in the SAE analysis. In other words, performing an engineering analysis based 
solely on the application, without an on-site audit, would result in reverting to the application's 
estimate. 

C.3 DATA AGGREGATION AND ANALYSIS DATASET DEVELOPMENT 

Because many measures installed under the Commercial Program affected multiple customer 
accounts within a unique site, the billing analysis had to be performed at the site level. Therefore, 
all account level data had to be aggregated up to the site level. In PG&E's billing data, an array of 
variables are defined to track a customer. These include the following: 

• Control number, which is the finest level of aggregation, and is usually unique to a meter. 

Premise number, which is used to define a unique site, but can sometimes contain multiple 
buildings. The premise number may map to many control numbers, but a control number 
maps to a unique premise number. 

• Corporation number, which is used to define a unique corporation, which can map to 
many premise numbers. A premise number maps to a unique corporation number. 

Of the three, the premise number serves as the best indicator of a unique site. However, there are 
some premise numbers that contain multiple sites. To address this issue, service address was also 
used to help identify a unique site. If there was more than one service address for a premise 
number, it was broken out into multiple sites. Therefore, a unique site was defined as all of the 
control numbers within a unique combination of service address, 1 premise number, and 
corporation number. A unique Site ID was created based on this combination of address, 
premise, and corporation to serve as the key variable for linking data. 

The billing data was provided at the control number level. Therefore, the monthly billing data was 
aggregated to the Site ID level. A concern with aggregating to the Site ID level is that there may be 
control numbers associated with a different premise number, service address, or corporation 
number that are in the same physical site and are being affected by the installed measures. If this is 

1 Because of potential data entry errors in the billing system, or inconsistencies in tracking service addresses in the 
billing system, only the first eight characters of the service address were used. Generally, this would contain the 
numeric portion of the address and the first few characters of the street name. For the large majority of records in the 
billing system, premise number and service address were unique. 
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the case, the billing analysis will have the effect of underestimating the impacts. This a topic that 
will be discussed further in the Data Censoring section below. 

The telephone surveys were sampled at the Site ID level, and all questions were phrased to ask 
about all of the control numbers associated with the Site ID. 

The engineering estimates of change were also aggregated to the Site ID level. However, prior to 
aggregating to the Site ID level, the installation dates for each individual measure were analyzed to 
ensure that only the impacts occurring within the billing analysis periods were being aggregated. 
The selection of analysis periods is discussed in the next section. 

All data elements mentioned above were linked to the final analysis database by Site ID. Exhibits 
C-1 through C-4 below provide the sample frame that was available for the billing analysis for 
each end use (Lighting, HVAC, and Refrigeration) and also for nonparticipants. The sample sizes 
are provided by business type and technology (for participants). The values presented are the 
unique number of the Site IDs within a given segment. 

Exhibit C- 1 
Billing Analysis Sample Frame 

Pre-Censoring 
Indoor Lighting End-Use Technologies 

Program and TecSnolog? Group " / 0 I ~ . 
Retrofit Express Program 

Compact Fluorescent 

Incandescent to Fluorescent 

Efficient Ballast 

T8 Lamps and Electronic Ballasts 

Optical Reflectors w/Ftuor. Delarr 

High Intensity Discharge 

Halogen 

Exit Signs 

Controls 

Retrofit Express Total 

Customized Incentives Program 

61 I 29 4 

5 I - 

8 I 7 2 

154 I 68 8 

75 I 32 5 

8 I 7 2 

13 I 4 2 

38 J 12 .3 

28 i 2 3 
i 

1771 80 9 | 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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I 1 J I I 1 ! 1 
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Exhibit C-2 
Billing Analysis Sample Frame 

Pre-Censoring 
HVAC End-Use Technologies 

Program and Technology Group 

Retrofit Express Program 

Central A/C 

Variable Speed Drive HVAC Fan 

Package Terminal A/C 

Programmable Thermostat 

Reflective Window Film 

Water Chiller 

Other RE Measures 

Retrofit Expcess Total 

Retrofit Efficiency Options Program 

Variable Frequency Drive 

Water Chiller 

CAV to VAV 

Cooling Tower 

Retrofit Efficiency Options Total 

Customized Incentives Program 

HVAC Variable Speed Drive 

High Efficiency Chiller 

Energy Management System 

Other CI Measures 

Customized Incentives Total 

Total 

Business Type 

~ ~ o ~'~. _ ~- ~ ~. 

- ' -  '= 2 '~ ~ o 

i Img. , l l  m m m l a  m m  N i M i i  
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' 5  
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I b m  ~ m 
i n - -  - - i N N )  i 
i l n l n I I L ~ E ~ E ~ ~ i  
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2 

1 
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IIII 
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Exhibit C-3 
Billing Analysis Sample Frame 

Pre-Censoring 
Refrigeration End-Use Technologies 

Program and Technology 
~etroflt Express Program 

Business Type 

- . -  = ~ ~ = 

Refrigeration Load Reduction 
Low Temperature Glass/Acrylic Door 
Heatless Door 
Cooler/Freezer Door Gaskets 

Auto Closer for Cooler/Freezer 
Medium Temperature Case w/Door  1 

Strip Curtains for Walk-in ' i 
m 

Low Temperature Case w/Door  I 
Night Covers for Display Cases I 

Compre.or Upgrades 
Mechanical Subcooler 
Multiplex Comprssor System 
Adjustable Speed Drive 
Floating Head Pressure Controls 

Condenser Upgrades 
Oversized Air-Cooled Condenser 
Oversized Evaporative Condenser 

Evaporator Upgrades 
Walk-in Cooler PSC Evaporator Motor 
Display PSC Evaporator Motor 

Other 
Anti-Sweat Heater Control 
Suction Line Insulation 1 
Display Case Electronic Ballast 
Non-Electric Condensate Evaporator 3 

• m m  m 

m n m m u m n n u u m  [ ]  
m u m n n n u n u n m  nm 
m u m u n n m n n n n  E 
m m m u u m n u m u n  m 
m n m m m m m m m m n m n n m m  ml 
• m J m m m  

m m m m m m m m m  
m m m  • 

1 I - I :  I 1-I  I-I-I  !: 
1 - 1  :1- - - I - I - I - I 1 :  

1 1 
, 1 3 

1 4 1 6 
4 1 2 17 120 1 1 3 12 1 165 

Customized Incentives Program . . . .  
Compressor Upgrades 

Floating Head Pressure Controls . . . . . . . . . . .  

Condenser Upgrades 

OversizedCo.densers I I I I I I I "  I I I "  I il 
Other 

Refrigeration EMS 1 2 1 4 
Refrigeration Add/Change 1 1 2 
Refrigeration Other 1 1 2 

Customized Incentives Total 1 1 2 1 2 7 
Total 6 8 1 2 64 128 1 10 4 13 3 241 
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Exhibit 0 4  
Billing Analysis Sample Frame 

Pre-Censoring 
Nonparticipants 

Program and Technology Group 

Total 

Business Type 
m 

o o _ . 
• ~ ' ~  = ,~ ~ ~ o ~ o 

75 130 2 28 190 35 28 16 58 6 34 50 652 

C.4 ANALYSIS PERIODS 

When the billing regression analysis is used to model the change of consumption attributable to 
the program measures, the first step is to isolate the pre- and post-installation periods for each 
customer in the analysis database so that the impact of these measures can be verified. 

In accordance with the Protocols, participants are defined by the "paid date" instead of 
"installation date." Therefore, all customers actually installed measures in 1992, 1993, 1994 or 
1995, with 1995 installations accounting for approximately two-thirds of total installations. 

C.4.1 Selection of Installation Date 

Although installation date is a field in the MDSS it is rarely collected (only 2 percent of the time). 
Because the "paid date" can be off by as much as 3 years from the installation date, another 
approach was developed to estimate installation date. For 68 percent of the MDSS records, a pre- 
and post-installation inspection date was collected. From these two variables, an interval 
containing the installation date could be determined. Another date field in the MDSS that is 
populated 100 percent of the time is the date the application was received by PG&E. This date 
always occurs after the pre-installation inspection date (when populated) and rarely exceeds the 
post-installation inspection date (when populated) by more than a month (6 percent). In fact, the 
application received date and post-installation inspection date are within a month of each other 78 
percent of the time. Therefore, the application received date was used as a proxy for the 
installation date. 

In addition, the telephone survey asked every participant to estimate the installation date. If the 
installation date provided through the self reported survey fell between the pre- and post- 
installation inspection dates, the customer reported date was used over the application received 
date. 

C.4.2 Selection of Analysis Periods 

Billing data were available from January 1992 through September 1996. To maximize the number 
of post installation months, a post period of October 1995 through September 1996 was used. 
Because the majority of installations occurred during 1995, the only feasible pre-periods were 
October 1992 through September 1993 and October 1993 through September 1994. Survey data 
gathered change information dating back from the beginning of 1993. Therefore, both pre- 
installation periods could be used. However, the further back the pre-installation period is 
chosen, the more likely there are to be changes that have occurred at the site. To minimize the 

Quantum Consulting Inc. C-7 Billing Regression Analysis 



number of changes that have occurred outside the program between the pre- and post-installation 
periods (and to minimize the errors associated with self-reported changes and dates the changes 
occurred), the October 1993 through September 1994 pre-installation period was selected. 

The only disadvantage to selecting the more recent pre-installation period is that some participants 
may have actually installed the participating measure during or before the pre-installation period. 
There were no rebated Lighting or Refrigeration installations, and only 18 rebated HVAC 
installations (2 percent of HVAC) in the analysis sample that occurred prior to the pre-installation 
period. In addition, only 2 percent of the rebated Lighting and Refrigeration installations, and 8 
percent of the rebated HVAC installations occurred during the pre-installation period. 

For installations that occurred prior to the pre-installation period, the engineering impact is set to 
zero. For installation that occurred during either the pre- or post-installation period, the 
engineering impact is only aggregated over the months for which there is an impact that should be 
realized. 

Exhibits C-5 through C-7 provide the cumulative participation by month for the participants that 
are part of the billing analysis sample frame. 

Exhibit C-5 
Commercial Lighting Rebated Technologies 

By Estimated Installation Date 
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Exhibit 0 6  
Commercial HVA C Rebated Technologies 

By Estimated Installation Date 
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Exhibit C-7 
Commercial Refrigeration Rebated Technologies 

By Estimated Instaflation Date 
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C.5 DATA CENSORING 

Three types of data censoring screens were applied to the billing analysis sample frame to remove 
customers that have invalid billing data, that may not have had their bill properly aggregated to the 
Site ID level, or that were extremely large users. 

C.5.1 Invalid Usage 

For customers to be included in the final billing analysis, customers had to have billing data that 
met the following three criteria. 

The pre- and post-installation annual bills had to have been comprised of at least six non-zero 
monthly bills. If there were seven or more monthly bills with zero energy, the customer was 
removed from the analysis. If there were between one and six monthly bills with zero energy, the 
remaining months were prorated to an annual estimate. 

The pre-installation annual bill could not be more than three times or less than one third of the 
post-installation bill. If this occurred, the customer was removed from the analysis. 

The pre-installation annual bill could not be more than twice or less than one half the post- 
installation bill, unless the telephone survey responses indicated that the customer had a change at 
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the site that may have caused an increase or decrease in usage, respectively. For example, if a 
customer doubled their usage and reported an increase in square footage, or an increase in 
employees, or an additional measure installed, the customer remained in the sample. However, if 
the customer reported no changes, or only changes that would indicate a decrease in usage, such 
as a removal of a measure, then the customer was removed from the analysis. 

Exhibit C-8 presents the number of participants and nonparticipants that were deleted for each of 
the above criteria. Note that only 22 nonparticipants were deleted, whereas 123 participants were 
deleted. This is due to the fact that the nonparticipants were pre-screened to have relatively valid 
billing data prior to being selected into the nonparticipant survey sample frame. The participants, 
however, were often a census and no pre-screening was done on their bill ing data prior to being 
selected into the participant survey sample frame. Of the 123 participants, 87 were deleted due to 
the zero bill criteria. 

Exhibit C-8 
Distribution of Customers Removed from Billing Analysis 

By Data Censoring Criteria 
Customers with Invalid Billing Data 

Usage Doubled or Usage Number 
Zero Cut in Half, No Tripled or Removed 

Participant or Monthly Corresponding Cut to a From 
Nonparticipant Bills >6? Chan~e at Site? Third? Analysis 

NP NO NO YES 4 
N P N O YES YES 3 
NP YES NO NO 3 
N P YES N O YES 3 
N P YES YES N O 1 
N P YES YES YES 8 

TOTAL 22 
P NO NO YES 1 7 
P NO NO YES 3 
P NO YES NO 2 
P N O YES YES 7 
P NO YES YES 6 
P NO YES YES 1 
P YES NO NO 2 
P YES NO NO 8 
P YES N O YES 5 
P YES N O YES 2 
P YES YES N O 5 
P YES YES N O 5 
P YES YES NO 1 
P YES YES YES 3 8 
P YES YES YES 21 

TOTAL 1 23 

C.5.2 Large Customers 

Customers whose annual post-installation energy consumption exceeded three million kWh were 
excluded from the billing analysis. Customers of this size were deleted for a number of reasons. 
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First, there were 98 participants dropped for this reason, compared to only 10 nonparticipants. 
This indicated that the nonparticipants would not provide a good control for this group of 
participants. Very large customers are more likely to participate because they are more aware of 
the program, since they have more contact with PG&E representatives. Therefore, it is difficult to 
find a sample of nonparticipants that adequately represents these customers. 

Large customers installing measures that provide relatively low levels of savings are particularly 
problematic in billing analyses of this type. It is very difficult to detect an annual impact even as 
large as 10,000 kWh in a customer's bill which exceeds 10 million kWh, for example. In addition, 
large customers are more likely to have made changes at the site, which could significantly affect 
their energy usage. If the model does not adequately capture all of these changes (possibly due to 
the unique nature of the change, or an error in the self-reported survey responses) it is likely that 
the coefficient on the program energy impact may reflect the change. While this is true of all 
customers, regardless of size, it is more of a concern for larger customers because the magnitude of 
their changes can have significant influence over the results of the model. 

C.5.3 Aggregation to Site ID Level 

As mentioned above, one concern with aggregating to the Site ID level is that there may be control 
numbers associated with a different premise number, service address, or corporation number that 
are in the same physical site and are being affected by the installed measures. If this is the case, the 
billing analysis will have the effect of underestimating the impacts. Therefore, a comparison was 
made between the engineering energy impact and the pre- and post-installation bills to identify 
any customers where this problem of bill aggregation may exist. 

There were 148 participants that were identified as having total Commercial Sector Program 
energy impacts that were either more than 50 percent of their pre-installation usage or more than 
100 percent of their post-installation usage. These 148 participants were further analyzed to 
determine whether the impact was large relative to usage because of a problem in aggregating the 
bill, or if the engineering estimates were just over-estimated, in which case the customer would not 
be removed from the billing analysis. 

Three criteria were used to determine if there was a problem with aggregating the bill for these 148 
participants. If a participant failed any of these criteria, the customer was removed from the 
analysis on the basis that the bills were not properly aggregated and the entire impact will not be 
detected in an analysis of the customer's billing data. 

If the customer's annual kWh per square foot was in the bottom tenth percentile of all participants, 
the customer was removed. 

If the customer's annual kWh per employee was in the bottom tenth percentile of all participants, 
the customer was removed. 

The first billing data pull, which consisted of every nonresidential customer in PG&E's service 
territory over the period of January 1992 to September 1995, was compared to the second data 
pull, which is being used for the billing analysis. Customer bills from the first billing data pull were 
aggregated to the Site ID level in the same way described above. These annual aggregated bills 
were compared to the aggregated bills used in the analysis. If the aggregated bills from the first 
data pull were more than 50 percent larger than the bills being used in the billing analysis, the 
customer was removed. This would indicate that either not all of the control numbers that link to a 
site were provided in the second data pull or, more likely, since 1995 (when the first billing data 
was pulled and when the customer participated) there has been customer turnover at the site, and 
there are now additional premise numbers that no longer link to one unique site. 
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As a results of these three criteria, 102 of the 148 premises were removed. Of the 102 removed 
customers, 45 failed the invalid usage data screening checks as well. Therefore, only 57 premises 
were removed solely on these data screening criteria alone. 

Exhibit C-9 presents the number of participants that were removed from the analysis for each of the 
above criteria. 

Exhibit 0 9  
Distribution of Customers Removed from Billing Analysis 

By Data Censoring Criteria 
Customers with Billing Aggregation Problems 

Low Usage Number of 
Low Usage Low Usage Per Relative to 1995 Participants 
per Sqf t?  Employee? Billin~ Data Pull? Removed 

YES NO NO 3 
YES YES N O 1 
YES YES YES 1 
NO NO YES 5 
NO YES NO 1 
N O YES YES 2 
YES NO NO 27 
YES NO YES 11 
YES YES NO 9 
YES YES YES 7 
NO NO YES 1 • 
NO YES NO 2 
N O YES YES 1 
YES NO NO 12 
YES N O YES 2 
YES YES N O 11 
YES YES YES 6 

TOTAL 102 

C.5.4 Other Censoring 

In addition to all of the above censoring, three other participants were removed from the analysis 
for the following reasons. One customer was removed from the analysis because the customer 
was noted as a "Z-Customer" in the MDSS. PG&E does not claim impacts on "Z-Coded" 
customers. 

Another site had a retrofit performed that will affect a neighboring customer's utility bill. The 
refrigeration equipment (compressors and condensers) serving the participant are maintained and 
operated by a nonparticipant. The participant buys liquid ammonia from the nonparticipant via 
lines running under an adjacent road (driveway) and suction gas is returned to the nonparticipant 
following use. The impacts of this retrofit (which affect ice production) will be realized by the 
manufacturer of the liquid ammonia product, a nonparticipant. Therefore, the participating 
customer was removed from the analysis. 
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Finally, two other customers were identified as having added the rebated measure installed under 
the Commercial Program, causing a net increase in energy from the pre- to post-installation period. 
One of these customers was previously identified as being a large customer and deleted. 
Therefore, only one extra customer was removed. 

Exhibit C-10 summarizes the total number of participants and nonparticipants that were removed 
from the billing analysis. Exhibits C-11 to C-14 present the final sample sizes used in the billing 
analysis by business type and technology for participants and by business type for 
nonparticipants. 

Exhibit C- I0 
Distribution of Customers Removed from Billing Analysis 

By Data Censoring Criteria 

Usage 
Doubled or Usage Rebated Number 

Zero Cut in Half, No Tripled or PG&E's Impact Measure Bill Not Removed 
Participant or Monthly Corresponding Cut to a Z-Coded Affects NP Increases Large Aggregated From 

NonparticipAnt Bills >6? Chanhqe at Site~ Third? Custom~r? Site? UsaRe? Customer? Prooerlv? Analvsls 
NP NO NO NO NO NO NO YES NO 10 
NP NO NO YES NO NO NO NO NO 4 

NP NO YES YES NO NO NO NO NO 3 
NP YES NO NO NO NO NO NO NO 3 
NP YES NO YES NO NO NO NO NO 3 

NP YES YES NO NO NO NO NO NO 1 
NP YES YES YES NO NO NO NO NO 8 

TOTAL 32 

P NO NO NO NO NO NO NO YES 57 
P NO NO NO NO NO NO YES NO 98 
P NO NO NO NO NO YES YES NO 1 

P NO ' NO NO NO NO YES NO NO 1 
P NO NO NO NO YES NO NO NO 1 

P NO NO NO YES NO NO NO NO 1 
P NO NO YES NO NO NO NO NO 1 7 
P NO NO YES NO NO NO NO YES ,3 
P NO YES NO NO NO NO NO NO 2 
P NO YES YES NO NO NO NO NO 7 
P NO YES YES NO NO NO NO YES 6 

P NO YES YES NO NO NO YES NO 1 
P YES NO NO NO NO NO NO NO 2 
P YES NO NO NO NO NO NO YES 8 
P YES NO YES NO NO NO NO NO 5 
P YES NO YES NO NO NO NO YES 2 

P YES YES NO NO NO NO NO NO 5 
P YES YES NO NO NO NO NO YES 5 
P YES YES NO NO NO NO YES NO 1 

P YES YES YES NO NO NO NO NO 38 
P YES YES YES NO NO NO NO YES 21 

TOTA L 282 
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Exhibit C- 11 
Billing Analysis Sample Used 

Post-Censoring 
Indoor Lighting End-Use Technologies 

Program and Technology Group 

Retrofit Express Program 

Compact Fluorescent 

Incandescent to Fluorescent 

Efficient Ballast 

T8 Lamps and Electronic Ballasts 

Optical Reflectors w/Fluor.  Delaml~ 

High Intensity Discharge 

Halogen 

Exit Signs 

Controls 

Retrofit Express Total 

Customized Incentives Program 

0 

St, 

H 

H, 
Ex 

C~ 

0 

o o 

46 20 

5 0 

5 7 

109 53 

60 24 

3 5 

8 3 

29 10 

14 1 

123 61 

Business Type 

" ~  0 

2 47 8 10 15 13 S 3 12 2 183 

0 3 0 1 0 1 0 0 1 0 11 

1 4 4 0 I 0 1 0 1 0 24 

2 95 29 13 25 6 16 B 22 6 384 

2 26 12 10 8 1 5 5 4 2 159 

1 10 0 0 0 1 10 4 2 S 41 
1 7 1 2 1 1 1 0 5 1 31 

1 22 2 5 4 0 2 1 5 1 82 

0 25 0 1 3 2 2 1 4 4 57 

3 99 40 22 27 16 20 13 30 10 464 
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Exhibit C- 12 
Billing Analysis Sample Used 

Post-Censoring 
HVAC End-Use Technologies 

Program and TechnoloRy Group 

Business Type 

~'- i -~ 
Retrofit Express Program 

Central A/C 

Variable Speed Drive HVAC Fan 

Package Terminal A/C 

Programmable Thermostat 

Reflective Window Film 

Water Chiller 

Other RE Measures 

Retrofit Express Total 

m i ~ I i  
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Retrofit Efficiency Options Program 

Variable Frequency Drive 

Water Chiller 

CAV to VAV 

Cooling Tower 

Retrofit Efficiency Options Total 
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Customized Incentives Program 

HVAC Variable Speed Drive 

High Efficiency Chiller 

Energy Management System 

Other Cl Measures 

Customized Incentives Total 

Total 
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i 

,Program and Technolo~ ~ 
Retrofit Express Program 

Business Type 

. L ~ "~ 

~ ~ ~ ~ o ~ c o .  ._ 0 
I- 

Refrigeration Load Reduction 
Low Temperature Glass/Acrylic Door 

Heatless Door 
Cooler/Freezer Door Gaskets 

Auto Closer for Cooler~Freezer 

Medium Temperature Case w/ Door 

Strip Curtains for Walk-in 
Low Temperature Case w/Door 
Night Covers for Display Cases 

Compressor Upgrades 
Mechanical Subcooler 
Multiplex Comprssor System 
Adjustable Speed Drive 
Floating Head Pressure Controls 

Condenser Upgrades 
Oversized Air-Cooled Condenser 
Oversized Evaporative Condenser 

Evaporator Upgrades 
Walk-in Cooler PSC Evaporator Motor 
Display PSC Evaporator Motor 

Other 
Anti-Sweat Heater Control 
Suction Line Insulation 
Display Case Electronic Ballast 
Non-Electric Condensate Evaporator 

Retrofit Express Total 
Customized Incentives Program 

Compressor Upgrades 
Floating Head Pressure Controls 
Booster Desuperheaters 

3 3 I 2 

I 4 7 1 2 
i 

Condenser Up~i~rades 
Oversized Condensers 

Other 
Refrigeration EMS 
Refrigeration Add/Change 
Refrigeration Other 

Total 

2 
16 

6 

7 

16 

4 

23 

2 
11 3 

2 I 

6 I 

7 5 

3 1 

21 1 

1 1 

1 
2 
5 

121 

I! 181 

1 : 1 1  . . . . .  I ' 

1  11 " 1 " 
1 
1 
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11 87 1 1 3 9 
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Exhibit C- 13 
Billing Analysis Sample Used 

Post-Censoring 
Refrigeration End-Use Technologies 
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Exhibit C- 14 
Billing Analysis Sample Used 

Post-Censoring 
Nonparticipants 

F 
[ Business Type 

Program and Technology Group 

Total J 
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C 6  MODEL SPECIFICATION 

The billing regression analysis for the Commercial Program Evaluation used two different 
multivariate regression models under an integrated framework of providing unbiased and robust 
model estimates in the commercial sector. The key feature of the approach is that it employs a 
simultaneous equation approach to account for both the year-to-year and cross-sectional variation 
in a manner that consistently and efficiently isolates program impacts. 

A baseline model is initially estimated using only the comparison group sample. This model 
estimates a relationship that is then used to forecast the post-installation-year energy consumption 
for participants as a function of pre-installation year usage. In this way, baseline energy usage is 
forecasted for participants by assuming that their usage will change, on average, in the same way 
that usage did for the comparison group. 

The resulting SAE coefficients are used to adjust the engineering estimates of expected annual 
energy impacts for the entire participant population. These impacts are presented in Section 4 and 
are used to compute program realization rates. 

C.6.1 Baseline Model 

The baseline model explains post-installation energy usage as a function of the pre-installation 
energy usage, weather changes, and customer self-reports of factors that could affect energy usage. 
In order to isolate the program impact from the energy usage changes, only the comparison group 
is used to fit this model. The baseline model has the following functional form: 

kWheo..,, = ~ j  (txj + flskWhp.,~ ) + 'y(ACDD, ) * kWhpre,  i + ( p ( A . n o o  i ) * Elec~ * kWhp.,~ + ~ k  Ok Chg,,~ + e 

Where 

kWh0ost,i and kWhpre, ~ are customer i's annualized energy usage for the post- and pre- 
installation periods, respectively; 

ACDD i and AHDD, are the annual change of cooling and heating degree days (base 
65°F) between the post-installation year and pre-installation year; 

E bc~, is an indicator variable (0/1) for the ith customer, which equals 1 if the customer has 

electric heating; 
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Chgi, k are the customer self-reported change variables from the survey data, including 
adding, replacing, or removing equipment associated with major end uses, changes in 
number of employees and square footage; 

@i is the indicator variable (0/1) for thejth business type, which equals 1 if the customer is 
in that business type and 0 otherwise; 

[]., y and ¢ are the estimated slopes on their respective independent variables. Separate 
slopes on pre-usage are estimated by business type; and, 

E is the random error term of the model. 

For each customer in the analysis dataset, a post-installation predicted usage value is calculated 
using the parameters of the baseline models estimated for the 1994 to 1996 analysis period. They 
both take the same functional form with different segment-level intercept series (~)) and slopes 

( [ 3 , 7  and ¢ ): 

kWheo,,., = Fp,, (kWhpre, ACDD, AHDD) = Z j  (a.i + fljkWhe,,., ) + y(ACD.I~) * kWhp,,., + ¢p(,51-1DD~) * Ele G * kWhpr,., 

Exhibit C-15 summarizes the final baseline model results that were estimated using 620 customers, 
as discussed in the Data Censoring section. Exhibit C-15 summaries the independent variables 
used in the baseline model, together with the t-statistics and the sample sizes available for each 
parameter estimate used to predict the post-period usage. The final functional relation is estimated 
as follows: 

Baseline Model (1994 to 1996): 

k~96,, = - 4 0 8 3 4  * O F F _ L G  + 1349  * O F F _ S M  - 19849  * R E T _ L G  - 120 * R E T _ S M  

+ 9 4 2  * SCHOOLS + 5 3 7 8  * G R O C E R Y  + 8461 * S U P E R M K T  + 4 7 5 6  * REST  

+ 1 0 9 6 4  * H E A L T H  + 2 4 0 3  * HOTEL + 4 1 6 7  * WAREHOUS + 675  * PERSONAL 

+ 4 7 9 5  * C O M M U N  + 3 7 8 9 5  * M1SCBT 

+ 1 . 1 3  * O F F _ L G 4  + 0.91 * O F F _ S M 4  + 0 . 9 9  * R E T _ L G 4  + 1.00 * R E T _ S M 4  

+ 1 . 0 0  * SCHOOLS4  + 0 . 9 8  * G R O C E R Y 4  + 0 .98  * S U P E R M K T 4  + 0 . 9 9  * R E S T 4  

+ 0 . 9 9  * COLLEGE4 + 0 . 9 4  * HEALTH4 + 1.02 * HOTEL4 + 1.04 * WAREHOUS4  

+ 0 . 9 4  * PERSONAL4  + 0 . 9 5  * C O M M U N 4  + 0 . 9 5  * MISCBT4  

+ 0 . 0 0 0 0 4 5 6  * CDD96_94,i * kWh94,i + 0 . 0 0 0 0 3 2 4  * HDD96_94.~ * kWh94., 
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Exhibit C- 15 
Billing Regression Analysis Final Baseline Model Outputs 

Parameter Descriptions 
Intercepts 

La.r~,e Off ice 

Analysis Parameter Sample 
Variable Name Units E s t i m a t e  t-Statistic Size 

OFF LG 

Small Off ice . . . . . . . . . . . . .  O F F S M  

_ La_ rg_e Retail RET._LG 

Sm_ aJl .~R_eta!l . . . . . . . .  R[T_SM 
Schools SCHOOLS 

. . . .  (_0_,I) .... -40834 0.99 1 9 

.(0, I ) _ I  3 _ _ 4 9  0 .07 55 

(0~I) 19849  ~ _ 0.4_4 .................. 22 
(0,1) -I 21 0.01 102 

(0,1) 942 0 .04 2 6 
Grocery ~ GROCERy (0~ 1 ) 5378  0.33 127 

Supermarket  . . . .  SUPERMKT (0~1) 846_ ] . . . .  0 .30  58 ....... 
Restaruant ._ R E S T  (O,1) 4 7 5 6  ~ 0 .19 34 _ 

Col lege/Universi ty . . . .  COLLEGE ~0,1! 0 . . . . . . .  1_ 
Health Care ......... H EAL~TH (0~1) 1 0964  0 .50 _ _  27 
Hote l /Mote l  HOTEL (0~I) 2_40_3 _ 0.O7 . . . . .  ~15 .... 

Warehouse . . . . . . . . .  _WAREH_OUS . . . . . . .  (0, I ) 4 1 6 7  . . . . . . . . .  0 .19 53 
Personal Service ...... PERSONA.L .... (0,1) 675 ...... 0.01 . . 6 _ 
Communi ty  Service C O M M U N  (0,1) 4795 0 .25  _ __31  
Miscel laneous MISCBT (0 t 1 ) 37895  1.95 44 

Pre Usage 
Large O f f i c e  O FF_LG4 kWh 1.13 _ 2 7 . 1 6  __ 1_9 

Small Off ice OEF_SM4 k W h  0.91 7.39 5 5  
Large Retai l  R E T L  G4 kWh 0.99 2 6 . 4 4  22 
Small Retail RET_SM4 kWh 1.00 9 .48 _ 1__0_2 
Schools SCHOOLS4 kWh 1.00 33.42 26 
Grpcery GROCERY4 kWh 0.98 8.90 127 

Sul~ezm~rket SUPERMKT4 ~kWh 0.98 __ 3_8.46 . 58 ___ 
Restaruant REST4 kWh 0.99 10.94 34 

Cg!lege/Universi ty COLLEGE4 kWh 0.99 _ 3 ; 3 6  1 
Health Care HEALTH4 kWh 0.94 28.61 2 7 
Hote l /Mote l  HOTEL4 kWh 1.02 9 .50  1 5 
Warehouse WAREHOUS4 kWh 1.04 53.01 53 
Personal Service PERSONAL4 kWh 0.94 4 .37 6 

Communi ty  Service C O M M U N 4  kWh 0.95 25.3__0 _ 31 
Miscel laneous MISCBT4 kWh 0.95 35.82 44 

Weather Variables 
Change in H DD 
Chanffe in CDD 

H D D 9 6 9 4  H D D * k W h  0 . 0 0 0 0 3 2 4  1.06 620  
C D D 9 6 9 4  C D D * k W h  0 . 0 0 0 0 4 5 6  0 .78  620  

C6.2 SAE Model 

Using the pred ic ted post- insta l la t ion usage values est imated in the basel ine model ,  a s imu l taneous  
equat ion  mode l  is speci f ied to est imate the SAE coeff ic ients on energy impact. The  SAE 
s imul taneous system can be desc r ibed  as fo l lows:  

kWh96.,- F94(kWl~4,ACDD AHDD)= ~mfl'mEng~ + ,~,,rf, Chg,. k + I.l, 
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The difference between predicted and actual usage in 1996 was used as the dependent variable in 
a SAE model. Based upon the estimated participation month, the pro-rated engineering estimates 
and change variables were used to explain the deviation of the actual usage from the predicted 
usage. As discussed above, the predicted usage is estimated using only the comparison group to 
forecast the 1996 usage as a function of 1994 usage and change of cooling and heating degree 
days from 1994 to 1996. This usage prediction presents what would have happened in the 
absence of the program. 

C.7 BILLING REGRESSION ANALYSIS RESULTS 

The coefficients of the engineering impact, termed the SAE coefficients, are used to calculate the ex 
post gross energy impacts. Independent realization rates are estimated to provide PG&E with 
business type- and technology group-level results. Exhibit C-16 summarizes the final SAE model 
results that were estimated using 935 participants, as discussed in the Data Censoring section. 
Exhibit C-16 summaries the independent variables used in the SAE model, together with the t- 
statistics and the sample sizes available for each parameter estimate. 
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Exhibit C- 16 
Billing Regression Analysis Final Model Outputs 

Parameter Descriptions 
SAE Coefficients 

Lighting End Use 
Office Flourescents 
Other Flourescents 

Parameter Sample 
Units Estimate t-Statistic Size 

kWh -1.00 14.67 11 6 
kWh -0.68 7.41 261 

Controls 
Warehouse HIDs 
School HIDS 
Other RE Lighting . . . .  
Custom Lighting 

HVAC End Use 
Central AJCs 
ASDs 

kWh -1.38 2.09 57 
kWh 0.02 0.07 1 0 
kWh 0.11 0.30 1 0 
kWh -1.26 2.15 119 
kWh -0.51 3.07 1 5 

kWh -2.07 3.67 184 
kWh -1.90 6.75 27 

Chillers kWh -1.58 2.39 5 
EMS kWh -1.03 8.38 20 
Other Custom HVAC kWh -0.65 4.76 5 
Office Thermostats kWh 0.05 1.06 3 6 
Other RE/REO HVAC kWh -0.90 2.89 153 

Refrigeration 
Custom Refrigerat!on 
RE/REO Refrigeration 

kWh -0.75 2.00 3 
kWh -0.53 1.98 1 81 

Other End Uses kWh 
Other kWh -1.71 

Change Variables kWh 
Cooling Syy_~m .Rep!acement (0,1 )*kWh -0.03 
Light!rig System Replacement (0,1)*_kWh -0.08 
Change in [Employees (_+1,0)*kWh ~ 0.01 
Square Foot Change _+ sqft 4.42 _ 
Heating Systeem Replacement (0,1 *kWh -0.07 0.04 
Other Equipment Change (0,1 
Remove Equipment (0,1 
Refr ige rat_!o n__ R ep!acement (0,1 
Add Equi~ement 
Other Additions 

2.90 62 

(0~1 ,*kWh 
(0,,1 ,*kWh 

0.70 10 
4.17 48 
0.64 57 
2.37 27 

4 
*kWh 0.03 1.17 . . . . . . .  42 
*kWh 0.08 0.64 2 
,*kWh 0.00 0.01 3 

0.11 0.49 11 
0.14 12.41 375 

The dependent variable is the difference between the actual and predicted 1996 usage using the 
1994 baseline model. 

SAE coefficients are calculated for 16 different combinations of business type and measure. 
Primarily those measures that have broad participation and relatively high expected impacts were 
supported by separate SAE coefficients. In addition, a separate SAE coefficient was calculated for 
other Commercial Program measures outside Lighting, HVAC, and Refrigeration. 

Attempts were made to estimate the SAE coefficients at a finer level of segmentation, but generally 
either one of two problems were encountered. First, available sample sizes were too small to 
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support a finer level of segmentation. Second, certain parameters were correlated with each other 
and needed to be combined into a single parameter (a standard econometric solution to solving 
the problem of colinearity). For example, it was determined that there was a high incidence of 
compact and standard fluorescent installations at the same site in office buildings. Therefore, there 
was enough correlation between the compact and fluorescent engineering estimates to warrant 
combining the two estimates into a single fluorescent estimate in the model. 

All but three of the SAE coefficients are significant at the 95 percent confidence level (t-statistics 
greater than 1.96). In addition, all of the statistically significant SAE coefficients were the correct 
sign, and therefore were used in the calculation of the final ex post energy calculations. The three 
SAE coefficients that were not significant at the 95 percent confidence interval (HIDs in 
warehouses and schools, and thermostats in offices) were not used in the final ex post energy 
calculations. Because each of the insignificant SAE coefficients were also the wrong sign, they 
were set to zero. Therefore, no energy impacts are being claimed for these three segments. 

All the of the HVAC technologies are represented in the SAE billing analysis, except for REO 
Variable Frequency Drives (VFD), REO CAV to VAV, and Customized Incentive Chillers, as shown 
in Exhibit C-12. Although these measures represent only ten percent of the energy impact, an 
approach needed to be developed for adjusting the engineering energy impact estimate for these 
measures. 

The REO VFD measure is very similar to those installed under the RE and Customized Incentive 
programs, and the engineering estimate is calculated using the same approach. Therefore, 
engineering energy impact estimate for the REO VFD measure was adjusted by the SAE coefficient 
estimated for the RE and Customized Incentive measures. 

Three approaches were considered for adjusting the engineering energy impact estimate for the 
REO CAV to VAV measure: (1) applying the Other RE HVAC SAE coefficient, (2) applying the Other 
Custom HVAC SAE coefficient, or (3) leaving the engineering estimate unadjusted. Because the 
REO CAV to VAV measure is usually installed in large businesses, typical of those installing 
Customized Incentive measures, the Other Custom HVAC SAE coefficient was used to adjust the 
engineering energy impact estimate for the REO CAV to VAV measure. This is also the most 
conservative approach since the SAE coefficient is only 0.65. 

The engineering energy impact for Chillers was estimated differently for Customized Incentive 
applications than for RE and REO applications, due to the different types of businesses that install 
these measures. Therefore, the engineering energy impact estimate for Customized Incentive 
Chillers was left unadjusted, which is conservative compared to the alternative approach of 
applying the 1.58 SAE coefficient estimated for the RE and REO applications. 

The SAE coefficient of 0.65 for Other Custom HVAC measures is based on a sample size of only 
five sites, compared to the 43 unique sites that installed "Other" Customized Incentive HVAC 
measures in 1995. In addition, these five sites represent only seven percent of the total ex ante 
energy impact contributed by these 43 sites. Also, one third of the customers installing "Other" 
Customized Incentive HVAC measures have usage over 3 million kWh per year, which are not 
represented in the SAE analysis. 

The larger customers (usage over 3 million kWh per year), however, are very well represented in 
the on-site audit sample, for which calibrated engineering energy impacts were estimated. Sixteen 
sites, which represent 53 percent of the total ex ante energy impact, were on-site audited, one of 
which was included in the SAE billing analysis. The ratio of the engineering energy impact 
estimate to the ex ante estimate is 0.79 for the on-site audit sample. This can be directly compared 
to the SAE coefficient, because ex ante estimates were used as the engineering energy impact 
estimates for the billing analysis, as mentioned above. 
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Three approaches were considered for estimating the ex post gross energy impact for the "Other" 
Customized Incentive HVAC measures: 

• The SAE coefficient of 0.65 could be applied to the ex ante estimate of gross energy impact 
for the population. 

The 0.79 ratio of engineering energy engineering energy impact estimate to the ex ante 
estimate from the on-site audit sample could be applied to the ex ante estimate of gross 
energy impact for the population. 

The SAE coefficient of 0.65 could be applied to the ex ante estimate of gross energy impact 
for the population that is most similar to the SAE sample, and the 0.79 ratio of engineering 
energy engineering energy impact estimate to the ex ante estimate could be applied to the 
population most similar to the on-site audit sample. 

The approach of applying the SAE coefficient to the ex ante estimate of gross energy impact for the 
population, which is the most conservative method, was chosen for two reasons. First, the SAE 
coefficient provides a statistically adjusted result that is significant at the 95 percent confidence 
level. Second, the 0.79 ratio based on the on-site audit is very sensitive to a few individual on-site 
results. For example, the ratio of the engineering to ex ante estimate is 1.51 for the site with the 
largest energy impact. If the engineering estimate was set equal to the ex ante estimate for this 
customer, the overall ratio for all on-sites would be 0.64. Conversely, if the site with the second 
largest energy impact, which has a ratio of 0.41, had an engineering estimate set equal to the ex 
ant estimate, the overall ratio would be 0.95. 

The SAE coefficient of 0.75 for Customized Incentive Refrigeration measures is based on a sample 
size of only three sites, compared to the 53 unique sites that installed Customized Incentive 
Refrigeration measures in 1995. Adjusting the engineering estimates of energy impact by 0.75 for 
all Customized Incentive measures should be considered conservative because it is likely that a 
sample size of three may not be representative of the population. An alternative approach would 
be to adjust only those measures that are similar to the three represented in the billing analysis, and 
leave the remaining measures unadjusted. It was found that the ratio of the engineering energy to 
the ex ante gross energy estimate was 98 percent over all 53 unique sites, and 94 percent for the 
three sites used in the SAE analysis. Because the ratio for the SAE sample is similar to the 
population's ratio and because the SAE coefficient was statistically significant at the 95 percent 
confidence level, the conservative approach of adjusting all Customized Incentive Refrigeration 
measures by 0.75 was chosen. 

Impact estimates from the MDSS for other end uses were included in the model for customers that 
installed measures outside the Lighting, HVAC, and Refrigeration end uses. Although this result is 
statistically significant and the correct sign, it is not recommended that this value be used because 
the sample may not be representative of the population of participants installing these measures. 

The majority of the change variables that were included in the model were not statistically 
significant at the 95 percent confidence level. Most of the parameter estimates are the correct sign, 
and those that are not have very low t-statistics. All but one variable, was determined solely on 
telephone survey responses. The change variable termed "other additions" was determined by 
comparing the predicted estimate of post-installation usage, based on the baseline model, to the 
actual post-installation usage. If the predicted usage is less than the actual post-installation usage, 
it is likely that some change occurred at the premise that would cause the usage to increase. An 
analysis of these customers revealed that two thirds of them indicated through the telephone 
survey that some change did occur at the premise. However, almost half of these customers did 
not provide a date for when the change occurred. Therefore, the "other additions" variable was 
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created in an attempt to capture other changes that w o u l d  cause  usage to increase, which were 
not explained by the other independent variables in the model. 

The final SAE coefficients for the Lighting, HVAC, and Refrigeration end uses are provided in 
Exhibits C-17 through C-19, respectively. The SAE coefficients are multiplied by the evaluation 
estimates of gross energy impact to calculate the gross ex post energy impacts. 

Exhibit C- 17 
Commercial Indoor Lighting Gross Energy Impact SAE 

By Business Type and Technology Group 
Coefficients 

~ -  Business Type 5AE Coefficients I 

I Program and Technology Group ~ ~ ,~ ~ ~ "~ ~ ~ ~ ~ ~ ~. ~ ~ ~ . . . . . . . . . . . .  ~ tO ~ Z = 
Retrofit Express Program " ' iii[[iiiii I | 

Compact Fluorescent 1.00 0.68 0.68 0.68 0.68 0.68 0.68 0 . 6 8  0.68 0.68 0.68 0.68 

I Incandescent toFluorescent 1.00 0.68 0.68 0.68 0.68 0.68 0,68 0.68 0,68 0.68 0.68 0.68 [i[[[i[il[| 
Efficient Ballast 1.00 0.68 0.68 0.68 0.68 0.68 0.68 ! 0 .68i  0.68 0.68 0.68 0.68 [~[ii[[[iil 
TS Lamps and Electronic Ballasts 1,00 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 [[i[[~[[[[| 

Optical Reflectors w/Fluor. Delamp 1.00 o.68 0 6 8  0.68 0 6 8  o.68 o.68 0 6 8  o 6 8  0 6 8  o.68 o 6 8  i[[[iiiiiii 
High Intensity Discharge {1.26 1.26 1.26 0,00 1.26 1.26 1,26 1.26 0.00 1.26 1.26 1.26 iiiiiiilill 
Ha~ogeo ~ 1 2 6 1  1.~6 1.26 l a 6 1  1 ~ 6  1 ~ 6  I.~6 1 2 6  1 ~ 6  1.26 1.26 1.26 iiii~iiii~! 

' i ' i ' ,26 1.26 1.26 1,26[ 1.26 1.26 1.26 1.26 1.26 1.26 1.26 1.26 [i[ilili[[| 
ExitSigns ;['1138 1.38 t.38 1.38 i 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38 [[[iiii[i[| Controls 

Retrofit Express Total  |!!!~!!i!iiiiiii~iii~i!!~i!!!!!~!~!~!~ifiii[[ii~iiiii!ij~ii~iiiiiiiiiii~i~iiii~iij i!!~!iiiiiiilii!i!iiiiii iiii~i!i!iiliii!iiiiiiiliii!i~iiiil iii![ii~iil 
Customized Incentives Program [i[i[[ | ! 

Compact Fluorescent ~ ' ,51]  0.51 0.51 0".51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 [iii 
Standard Fluorescent 0,5110.51 0.51 0,51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 i[i[i[i[i[! 
High lntensityDischarge 0 . 5 1 '  0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 !~!~![[iii| 

Halogen 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 [i[[[[[[[i| 
i 

Exit Signs 0,51 0.51 0.51 0,51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 [[[[i[i[[[I 

Co.trols 0.51 0.51 051  051  051  0.51 051  051  051  0.51 0.51 0.51 i}i~iiiiiil 
Othe, 0,51 0.51 0.51 [0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 ii~[~ii[!!l 

Customized Incentives Total !iiiiii!~i~i iiiiii~ii~i iiii~i![~[~iliiiiiiii[il i[!ii~ili~ [iiii!gii!i iiiiiiii[ii !iiii[iiii! i~!~i~iiii' iiii'iii[i[ ~ii!iiiiii [iiii!iiii i[i!iiiiiiiiiii!~ 
TotaB [il[[![i[[ii ~i[[~[~[~[~[ [[[~[[[ii[[[l!i[l[[~[!i[ [[[i[[[[!![ ~[iii[i[i[i i[[[[!![~i[ ii[[l[i~[~[ ii!i!~!~i[!iliiiii[![! !~[[[[[ii[[ [[i[[[[[![ 
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Exhibit C- 18 
Commercial HVAC Gross Energy Impact SAE Coefficients 

By Business Type and Technology Group 

~ Business Type SAE Coefficients 

Program and Technolos~ Group ~---..., . . . . . . . . . . .  0 ~ ~ g ~ ~ ~ = z ~ ~ . ,  ~ ~ ~ ~ o 
Retrofit Express Program 

CentralA/C 2.06912.069 2.069 2.069 2.069 2.069 2.069 .069 2.069 2.069 2.069 2.069 

Variable Speed DriveHVAC Fan 1.901 1.901 1.901 1.901 1.901 1.901 1.901 .901 1.901 1.90"1 1.901 1.901 

Package Terminal A/C 0.898 0.898 0.898 0.898 0.898 0.898 0.898 0.898 0.898 0.898 0.898 0.898 

Programmable Thermostat 0.000 0.898 0.898 0.898 0.898 0.898 0.898 0.898 0.898 0.898 0.898 0.898 

Reflective Window Film 0.898 0.898 0.898 0.898 0.898 0.898 0.898 0.898 0.898 0.898 0.898 0.898 

Water Chiller ,1.582 1.582 1.582 1.582 1.582 1.582 1.582 1.582[ 1.5821 1.582 1.582 1.582 
I I 

O,.~r ~ e ~ o ~ e ~  O 0 ~  0 0 ~  0 ~  O ~  0 ~ 0  0 ~  0 ~ 1 0 ~ ' 0 ~  0 ~  O ~  0 ~  

Retrofit Express Tolal mmmmmmmml nmmn 
Retrofit Efficiency Options Program 

Variable Frequency Drive 1.901 1.901 1.901 1.901 1.90t t.901 1.901 1.901 1.901 

Water Chiller 1.5821.582 1.582 1.582 1.582 1.582 1.582 1.582 1.582 
I 

C A V t o  VAV ~1°'653 0.6~3 0.653 0.653 0.653 0.653 0.653 0.653 ~ .6~4_~ .52 j¢~ .~  

Cool!ng T o w e r  i0.898 0.898 0.898 0.898 0.898 0.898 0.898 0.898 
k 

Retrofit Efficiency Options Total 

Customized Incentives Program [ 
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Exhibit C- 19 
Commercial Refrigeration Gross Energy Impact SAE Coefficients 

By Business Type and Technology Group 

Type 
SAE Coefficients 

- .~ .~  2 ~ ~ ~ ~ ~ ~ ~ 
Prol~ram an~echnolo ~ ~ ~ ~ ~ ~ u ~ ~ ~ 
Retrofit Express Program 

Refrigeration Load Reduction 
Low Temperature Glass/Acrylic Door 

Heatless Door 

CooledFreezet Door Gaskets 

Auto Closer for Cooler/Freezer 
Medium Temperature Case w/Door  
Strip Curtains for Walk-in 
Low Temperature Case w/Door  
Night Covers for Display Cases 

Compressor Upgrades 
Mechanical Subcooler 
Multiplex Comprssor System 
Adjustable Speed Drive 

0.526 0,526; 0.526: 0.526 0.526 0,526 0.526 0.526 0.526 0.526 
i 

0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 
0.526 0.526 0.526 0.5260.526 0.526 0.526 0.526 0.526 0.526 

l 

0.526 o.526[ 0526 i o.526!0.526 o.526 0.526 o.526 o.526 o.526 
0.526 0.526 0 .526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 

0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 

0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 

0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 

0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 

0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 

0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 

~o.s26 o.5261liillllili~ 
i 
i0.s~6 0.s261!iiliiiiiili 
i0.526 0.5261iillillii1[ 
10.526 0.s261iiliiilii!il 
0.526 0.5261111111111111 
0.s26 0.5261111111111111 
0.526 0.526111111111111 
0 .526  o.52611iliMiil 

o.526 0.526111111111111 
o.s26 0.5261111111111111 
o.526 o.5261111111111111 

Floating Head Pressure Controls 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0,526 0.526 0.526 0.526 0.5261111111[11111 
Condenser Upgrades 

Oversized Air-Cooled Condenser 
Oversized Evaporative Condenser ~ . ~ 2 6 ~ . 5 2 6 ~ . 5 2 6 ~ . ~ 2 6 ~ . 5 2 6 ~ . 5 2 6 ~ . 5 2 6 ~ 5 2 6 ~ . ~ 2 6 ~ . 5 2 6 ~ . 5 2 6 ~ 5 2 6 | i ! i ! ~ ! i ! ~ i  I 

Evaporator Upgrades I 
Walk-in Cooler PSC Evaporator Motor 0,52610.52610.52610.S2610.52610.52610.52610.52610.52610.S2610,52610.5261ilililiiiii 

Display PSC Evaporator Motor o.52610.s2610,52610.52610.s2610.s2610.s2610,52610.52610,52610.52610.5261iMiM 

Other liiiiiiiiiii] Anti-Sweat Heater Control 0.52610.526 0526  0.526 0.526 0.526 0.526 0.526 0.526 0.526 0,526 0.526 
Suction Line Insulation 0 ,526  0,S26 O.526 0 .S26 O.526 0 .S26 0 .526  O.526 0 .526  O.526 0 .526  o.s26I iMiM 
Display Case Electronic Ballast 0 .526  0.526 0 .526  0 .526  0 .526  0 .S26 0 .526  0 .526 0 .526  0 .526  0.S26 0-5261111111111111 
Non-Electric Condensate Evaporator 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0,526 0.526 0.526 0.5261~li[!ii[i[[] 

Retrofit Express T o t a l  i[ii~[~i~i~i|~i~!ii~i~!ii~!ii~i~!iiii[i!i~i~iiiiii!i~i~!iiii~iiii!iiiiiii!iiiiiiiii!~ii!iii~i~i~i~i!i!i!ii!~!!iii!!iiiiiiiiiii!i!~!!!i...~i!!!ii!i!!i|!!ii!i!!!~i[ 
Customized Incentives Program 

Compressor Upgrades 
Floating Head Pressure Controls 

Booster Desuperheaters 

Condenser UpRrades 
Oversized Condensers 

Other 
Refrigeration EMS 
Refrigeration Add/Change 
Refrigeration Other 

Customized Incentives Total 
[-  . . . . .  Total |[[ 

0.75310.75310.75310.7s310.75310.75310.75310.75310.75310.75310.75310.753n            
0,75310,75310.7531 o. 75310.753[ 0. 75310'75310"753l 0.75310.75310.75310.7531[[i!i[![[[[I 

0.75310.75310.75310.75310.75310.75310.75310.75310.75310.7s310.75310.7531l [ i [ i [ i [ [ [ [  

0.753 0.7531 0.753! 0.753 0.753 0.753 0.753 0.753 0,753 0.753 0.753 0.7531ii[ii[[ii[[ 

0.753 0.753,. o.7531 0.753 0.755 0.753 0.753:0.753 0.753 o.753 o.753 0.TS31![i[i[i[iiil 

iiii!i[!iii :,:,:,.,.,: :,.:,.:,.:.._:.::,. iiiiii[i[iii ti[iiiii[ii: iiiiiiiii[ii [iiiiiii[![i ![i[![~[i[ .,.,.~.~.,.,.":."*~:.::~: ,.,.~.;.~.,:i~::i:i."i." !~![i!ii!i i!i[iii[iiil[i[iii[iiiil 

C .7 .1  Relative Precision Calculation 

Relative precision at 90 percent and 80 percent confidence levels for the adjusted gross energy 
impact estimates are calculated for each of the SAE analysis segments. As mentioned above, there 
are a total of sixteen analysis segments that were explicitly modeled, and the relative precision 
estimates based upon the model output are presented in Exhibit C-20 below. In order to calculate 
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the total program level adjusted gross impact and relative precision, the segment-level results were 
weighted by their unadjusted engineering energy impact estimates in the following equations. 

Total Adjusted Energy Impact = E i  [~Eng~ 

Where ~ and Eng~ are the SAE coefficients and unadjusted engineering impact estimates for 
segment i, respectively. The program level standard error can be estimated as: 2 

StdErr = ~..,~(CV~ *~1 i * Eng,) 2 

Where CVi = (std(~i)/~i) is the coefficient of variation in segment i, estimated in the billing 
regression model. Finally, the relative precision at 90 percent and 80 percent confidence 
levels were calculated as 

RP= 
t *StdErr 

Total Adj. Energy Impact 

Where t equals 1.645 and 1.282 for the 90 percent and 80 percent confidence levels, 
respectively. 

2 This procedure assumes that the samples in different segments are independent and can be treated as strata in a 
stratified sampling. 
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Exhibit C-20 
Relative Precision Calculation 

SAE Analysis Level 
Lighting End Use 

Office Flourescents 

Engineering Gross Relative Relative 
Energy impact SAE Precision Precision 

Estimate (MWh) Coefficient t-Statistic at 80% at 90% 

51,455 1.00 14.67 9% 11% 
Other Flourescents 76,591 0.68 7.41 17% 22% 
Controls 5,318 1.38 2.09 61% 79% 
Warehouse HIDs 4,306 0.00 
School HIDS 815 0.00 
Other RE Lighting 17,534 1.26 2.15 60% 77% 
Customized Incentives Li~htinl~ 10t242 0.51 3.07 42% 54% 
Total 166t261 0.83 13% 16% 

HVAC End Use 
Central A/Cs 878 2.07 3.67 35% 45% 
ASD~i 6,971 1.90 6,75 19% 24% 
Chillers 2,966 1.58 2.39 54% 69% 
EM$ 10,290 1.03 8.38 15% 20% 
Other Customized Incentives HVAC 18z668 0.65 4.76 27% 35% 
Office Thermostats 1,332 0.00 
Other RE/REO HVAC 6r087 0.90 2.89 44% 57% 
Total 49tl 92 1.03 12% 15% 

Refrigeration 
Customized Incentives Refrigeration 18,206 0.75 2.00 64% 82% 
RE/REO Refrigeration 8t566 0.53 1.98 65'% 83% 
Total 26t 772 0.68 51% 65% 

C8  NET BILLING ANAL Y$1S 

In addition to conducting a billing analysis to estimate gross energy impacts, a net billing analysis 
was performed, with the objective of estimating SAE coefficients that could be applied ~ gross 
engineering estimates to calculate net energy impact. The net billing analysis model specification 
differs from the gross billing analysis model, which used two different multivariate regression 
models (a baseline model using a control group and an SAE model using participants). Instead, the 
net billing analysis model runs one integrated model combining both the participants and 
nonparticipants. 

A disadvantage of combining both participants and nonparticipants into one model of net energy 
savings is that the resulting sample is not random. In particular, participants self-select into the 
program and therefore may not be randomly distributed. As a result, there are certain unobserved 
characteristics that influence the decision to participate. If these characteristics are not accounted 
for in the model, the net savings model could produce biased coefficient estimates. 
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One solution to this problem is to include an Inverse Mills Ratio in the model to correct for self- 
selection. This method was developed by Heckman (1976, 19793) and is used by others 
(Goldberg and Train, 19964) to address the problem of self-selection into energy retrofit programs. 
The Mills Ratio technique assumes that the unobserved factors that are influencing participation 
are distributed normally. The influence of these unobserved factors on participation can be 
approximated by a Mills Ratio which itself is distributed normally. Using the Mills Ratio corrects 
for the self-selection bias in the net savings regression as the unobserved factors affecting 
participation are now controlled for in the model. As a result, standard regression techniques 
should produce unbiased coefficient estimates. 

Goldberg and Train (1996) develop the technique of using an additional Mills Ratio in the savings 
regression to account for the possibility that participation is correlated with the size of energy 
savings. The second Mills Ratio is interacted with a measure of energy savings, which allows the 
amount of net savings to vary with participation. The rationale for the second term is that those 
customers who have potentially large savings are more likely to participate in the program. 
Consequently, the unobserved factors that are influencing participation are also affecting the 
amount of savings. The additional Mills Ratio accounts for the fact that amount of savings will be 
correlated with participation. 

To correct for self-selection, a probit model of program participation is estimated separately for 
each of the Lighting, HVAC, and Refrigeration retrofit programs. Upon estimation, the parameters 
of the participation model are then used to calculate an Inverse Mills Ratio for both participants 
and nonparticipants. This Mills Ratio is then included in the net savings regression that combines 
both participants and nonparticipants. If the Mills Ratio controls for those unobserved factors that 
determine participation, and the other model assumptions are met, then the net savings model can 
then be estimated as if participation in the program is randomly determined. 

Using the Inverse Mills Ratio to correct for selection relies on several assumptions. First, the net 
savings due to the program, whether expressed as naturally occurring savings or a net-to-gross 
ratio, must be normally distributed. In addition, the Mills Ratio must not be highly correlated with 
the other independent variables used in the net billing regression. In this application, both of these 
assumptions are found to be violated. Net savings due to the program is biased upward toward 
large customers and is not distributed normally. The Mills Ratio term used in the net savings 
regression is also found to be highly correlated with other independent variables, which 
introduces multi-collinearity into the model. As a result of these violations, the regression analysis 
using the Mills Ratio technique does not yield reliable estimates in this application. A description 
of the methods used for this application are given in the following sections. Section C.8.1 
describes the data and variables used for the probit participation model and Section C.8.2 gives 
the estimation results. Section C.8.3 describes how the Inverse Mills Ratio is used in the Net 
Billing Model and Section C.8.4 gives the estimation results from the Net Billing Model. 

Heckman. I. 'The Common Structure of Statistical Models of Truncation. Samole Selection and Limited 
Deoendent Variables and a Simole Estimator for Such Moclels.". Annals of Economic and Social Measurement. Vgl, S. 

Heckman. I. "Samole Selection Bias as a Soecification Error." Econometrica. Vol. 47. oo. 153-161, 19790 

Goldbere. Miriam and Kenneth Train. 'Net Savines Estimation: An analysis of Re~ression and Discrete Choice 
v v w 

Aooroaches'. oreoared for the CADMAC Subcommittee on Base Efficiency bv Xenerev. Inc. Madison. WI. March 
1996. 

Quantum Consulting Inc. C-30 Billing Regression Analysis 



C.8. I Probit Model of Participation 

The first stage of calculating the Mills Ratio is to develop a probit model of program participation. 
The probit model is a discrete choice model with a dependent variable of either zero or one 
reflecting whether or not an event occurred. In this case, individuals received a value of one if 
they participated in the retrofit program and a zero otherwise. The sample includes all 1,217 
participants and 652 nonparticipants, and includes information obtained from the telephone 
surveys as well as billing data. All of these 1,869 survey respondents were used to estimate the 
participation probit for each program. Of the 1,869, 614 are participants in the Lighting program, 
487 are participants in the HVAC program, and 241 are participants in the Refrigeration program. 
For those customers with missing information, an average value is assigned based on both 
building type and program participation. 

For each of the three retrofit programs, the participation model specification is the same: 

Participation = ec + lYX + y'Y + O'Z + E 

A description of the explanatory variables is given in Exhibit C-21. The dependent variable 
PARTICIPATION has a value of one if the customer participated in the 1995 Retrofit program and 
a zero if they did not participate. The independent variables used are those characteristics that are 
likely to influence program participation. The first set of variables (X) used in the participation 
probit describe the customer's business activity. These consist of indicator variables for various 
building types. The second group of variables (Y) reflect the building characteristics. These 
include customer size and energy use as well as recent changes in high energy equipment. The 
third group of variables (Z) contain information on participation in other PG&E programs. Finally, 
the error term (E) is assumed to be normally distributed for the probit specification. 
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Exhibit C-21 
Explanatory Variables Description 

Variable Variable 
Name Units Type 

ADDLIGHT 0,1 Y 
AVGUSE Kwh Y 
ADDCOOL 0,1 Y 
ADDREF 0,1 Y 
ARCOOL 0,1 Y 
ARLIGHT O r 1 Y 
ARREF 011 Y 
CCHGPGE 0,1 Y 
LCHGPGE O r 1 Y 
COLLEGE 0 t 1 X 
COMMSERV 0 t 1 X 
GROCERY 0t I X 
HEALTH 011 X 
HOTEL 0tl X 

Description 
Customer added light equipment since 1/93 
Average monthly electricity use over 1992-1994 
Customer added coolin~ equipment since 1/93 
Customer added refrigeration equipment since 1/93 
Cooling equipment was added and removed since 1/93 
Lighting equipment was added and removed since 1/93 
Refrigeration equipment was added and removed since 1/93 
Cooling change was oart of a PG&E program 
Lighting change was part of a PG&E program 
College 
Community service building 
Grocery 
Health Care Building 
Hotel 

MISCCOM 0,1 X 
OFFICE 011 X 
PERSONAL 0 t 1 X 
RESTRNT 0 t 1 X 

Mi~cellanious commercial building 
Office building 
Personal service building 
Restaurant 

SCHOOL 0,1 X School 
RETAIL Or 1 
WAREHSE 0,1 

X Retail Building 
X Warehouse 

MEDCU ST 0,1 Y 
LARGCU ST 011 __ Y 
LIGHT95 011 . Y 
COOL95 0rl _ Y 
H EAT95 011 Y 
OTHER95 0,1 Y 
GASHEAT 0,1 . . . .  Y 
ELECHEAT _ . 0 , 1  Y 
DUALHEAT 0rl Y 
HAWARE 0,1 Z 

LAWARE 0,1 Z 

Medium sized customer, based on electricty use 
Large sized customer, based on electricity use 
Lighting change done in 1995 or later 
Cooling change done in 1995 or later 
Heating change done in 1995 or later 
Other equipment change done in 1995 or later 
Customer has gas heating 
Customer has electric heatine 

v 

Customer has dual heating 
Customer is an HVAC part and became aware of the PG&E program 
either before or at the same time the new equipment was selected 

Customer is an lighting part and became aware of the PG&E program 
either before or at the same time the new equipment was selected 

C.8.2 Probit Estimation Results 

The results of the probit estimation for each program are given in Exhibits C-22, C-23, and C-24. 
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Exhibit 0 2 2  
Lighting Program Probit Estimation Results 

Variable Coefficient Standard Significance 
Name Estimate Error Level 

ADDLIGHT -0.21 0.17 22% 
AVGUSE 0.00 0.00 1% 
ADDCOOL 0.02 0.1 7 91% 
ADDREF -0.25 0.26 34% 
ARCOOL 0.08 0.15 58% 
ARLIGHT -1.02 0.17 1% 
ARREF -0.34 0.27 22% 
CCHGPGE 0.47 0.28 10% 
LCHGPGE -0.I 3 0.20 51% 
COLLEGE -0.36 0.31 24% 
COMMSERV -0.10 0.14 50% 
GROCERY -1.51 0.13 10% 
HEALTH -0.65 0.17 16% 
HOTEL -0.29 0.21 1% 
MlSCCOM -1.17 0.15 8% 
OFFICE -0.22 0.12 2% 
PERSONAL -0.45 0.20 1% 
RESTRNT -I .I 7 0.14 1% 
SCHOOL -0.52 0.13 1% 
RETAIL -0.66 0.13 2% 
WAREHSE -0.39 O. 17 2% 
MEDCU ST 0.41 0.08 1% 
LARGCUST 0.58 0.I  0 1% 
LIGHT95 -0.11 0.24 66% 
COOL95 0.10 0.27 70% 
HEAT95 0.34 0.27 21% 
OTHER95 -0.36 0.25 14% 
GASH EAT 0.18 0.10 6% 
ELECHEAT -0.06 0.11 60% 
DUALHEAT 0.14 0.29 63% 
HAWARE -0.65 0.09 1% 
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Exhibit 0 2 3  
HVAC Program Probit Estimation Results 

Variable Coefficient Standard Significance 
N a me Estimate Error Level 

ADDLIGHT 0.13 0.24 59% 
AVGUSE 0.00 0.00 3% 
ADDCOOL -0.33 0.26 20% 
ADDREF -0.09 0.46 84% 
ARCOOL -0.71 0.26 1% 
ARLIGHT 0.07 0.20 73% 
ARREF -0.30 0.53 58% 
CCHGPGE 1.33 0.44 1% 
LCHGPGE 0.56 0.24 2% 
COLLEGE -1.12 0.48 2% 
COMMSERV -0.50 0.23 3% 
GROCERY -2.16 0.24 1% 
HEALTH -0.37 0.24 11% 
HOTEL -0.39 0.3 19% 
MISCCOM -1.74 0.26 1% 
OFFICE -0.24 0.19 20% 
PERSONAL -0.70 0.29 2% 
RESTRNT - 1.43 0.22 1% 
SCHOOL -0.70 0.20 1% 
RETAIL -1.07 0.21 1% 
WAREHSE -0.81 0.26 1% 
MEDCUST -0.13 0.12 25% 
LARGCUST -0.11 0.15 46% 
LIGHT95 0.31 0.28 26% 
COOL95 -0.63 0.55 25% 
HEAT95 -0.26 0.44 56% 
OTHER95 -0.11 0.36 75% 
GASHEAT 0.62 0.16 1% 
ELECHEAT 0.40 0.18 3% 
DUALHEAT 0.33 0.43 45% 
LAWARE -0.79 0.12 1% 
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Exhibit C-24 
Refrigeration Program Probit Estimation Results 

Variable Coefficient S tanda rd  Significance 
Name Estimate Error Level 
ADDLIGHT -0.08 0.32 80% 
AVGUSE 0.00 0.00 62% 
ADDCOOL -0.06 0.33 86% 
ADDREF ,-0.16 0.27 56% 
ARCOOL -0.51 0.34 13% 
ARLIGHT -0.29 0.26 27% 
ARREF 0.44 0.24 7% 
CCHGPGE 0.66 0.62 29% 
LCHGPGE 0.39 0.30 20% 
COLLEGE -0.66 0.60 23% 
COMMSERV -1 32 0.42 1% 

i i 

GROCERY -0.38 0.14 1% 
HEALTH -6.56 0.83 99% 
HOTEL -1.00 0.44 2% 
MISCCOM -1.00 0.23 1% 
OFFICE -1.09 0.24 1% 
PERSONAL -1.81 0.67 1% 
RESTRNT 0.80 0.16 1% 
SCHOOL -0.85 0.23 1% 
RETAIL -.0.90 0.21 1% 
WAREHSE .-0.50 0.27 7% 
MEDCUST ..0.33 0.14 2% 
LARGCUST -0.35 0.15 2% 
LIGHT95 0.77 0.30 1% 
COOL95 0.81 0.40 4% 
HEAT95 0.21 0.41 60% 
OTHER95 .0.32 0.52 54% 
GASHEAT -0.28 0.13 4% 
ELECHEAT -0.33 0.16 4% 
DUALH EAT 0.16 0.46 730/0 
LAWARE -0.86 0.21 1% 
HAWARE -1.48 0.36 1% 

In general, the estimation results conform to expectations. For the Lighting probit, customer size 
as refleded by energy use has a positive impact on program participation. In addition, those 
customers with gas heating and with a recent cooling equipment change are also more likely to 
participate. All of the building type variables have negative coefficient estimates, which reflects the 
fact that each building type has more nonparticipants than participants included in the sample. 
Finally, recent additions and removals in lighting equipment as well as changes in HVAC 
equipment have a negative effect on program participation. 

For the HVAC probit, large customers based on average monthly electricity use tend to participate 
in the program. Recent changes in lighting and cooling due to PG&E programs also have a 
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positive impact on program participation. As with the lighting model, all of the building types have 
negative coefficient estimates. 

For the Refrigeration model, smaller customers tend Io participate more relative In, the medium- 
and large-sized customers. In addition, restaurants are more likely to participate in the program 
while other business types are less likely to participate. Recent changes in cooling and lighting 
equipment also tend to increase participation. 

Upon estimation, the coefficient estimates are used to calculate the Inverse Mills Ratio for use in 
the net savings regression. The product Of all Of the independent variables and respective 
coefficient estimates are used in the following calculation 

Mills Ratio = = ~(Q)/~(Q) (for participants) 

= -~b(Q)IO(-Q) (for nonparticipants) 

Q =t~ + ~'X +7'Y +d 'Z  

where ~ is the standard normal probability density function and • is the standard normal 
cumulative density function. Again, this Mills Ratio is used as a measure of the influence that 
unobserved factors have on program participation. In the following sections, the Mills Ratio is 
included in the net billing regression as an additional explanatory variable to correct for the 
problem of self-selection into the Lighting program. 

C.8.3 Net Billing Model 

The net billing regression analysis for the Commercial Program Evaluation uses a model 
specification similar Io the baseline model used in the gross billing analysis, with three significant 
differences. 

• Both participants and nonparticipants are used in the model. 

• The engineering impact estimates are included as independent variables in the model. For 
nonparticipants, these values are all zero. 

The Mills Ratio is entered into the model in two ways. First., the three Mills Ratios, 
corresponding to each end use, are included as independent variables. Second, the three 
Mills Ratios are interacted with the total engineering impact estimate for each 
corresponding end use. 

The resulting SAE coefficients on the energy impacts are then used to adjust the engineering 
estimates of expected annual energy impacts for the entire participant population to estimate the 
net ex post energy impacts. The net billing analysis model has the following functional form: 

kWh~,,., = ~ j ( a  t + fltkWhp,~.,) + ~(ACDD~) * kWhp,~., + ~?(AI'IDD~) * Elec, * kWhp,., + EkrlkChg,., 

+~,(P,~Eng,n.,) + 81Mill&,s~., + ~2Millsm,xc., + ~3Mills,cag., + 84Millsug~. , * Engjts~., + d~Millsm,Ac.,EngnvAc., 

+86Mills,.~gaEng~,~g.t + e 

Where 
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kWhpo~, ~ and kWhp,e, i are customer i's annualized energy usage for the post- and pre- 
installation periods, respectively; 

~CDD i and AHDD, are the annual change of cooling and heating degree days (base 
65°F) between the post-installation year and pre-installation year; 

Ebci, is an indicator variable (0/1) for the ith customer, which equals 1 if the customer has 
electric heating; 

Chgi, k are the customer self-reported change variables from the survey data, including 
adding, replacing, or removing equipment associated with major end uses, changes in 
number of employees and square footage; 

Engm,i are the engineering impact estimates for technology m, customer i; 

Mills~,.i is the Mills Ratio for the Lighting end use for customer i; 

MillsHv~i is the Mills Ratio for the HVAC end use for customer i; 

Mills,,~,~,i is the Mills Ratio for the Refrigeration end use for customer I; 

Eng~,,.~ is the engineering estimate for all Lighting technologies for customer i; 

Eng~-0v̂ c~ is the engineering estimate for all HVAC technologies for customer i; 

Eng,,~,~,~ is the engineering estimate for all Refrigeration technologies for customer i; 

0cj is the indicator variable (0/1) for the jth business type, which equals 1 if the customer is 
in that business type and 0 otherwise; 

13, y and ~ are the estimated slopes on their respective independent variables. .Separate 
slopes on pre-usage are estimated by business type; and, 

Pm are the SAE coefficients for the engineering impact estimates for technology rn; 

8 are the coefficients on the individual Mills ratios, and on the Mills ratios interacted with 
the engineering energy impacts; 

is the random error term of the model. 

This model was run with the same set c~ 620 nonparticipants and 935 participants that were used 
in the gross billing analysis model. The results of the model are presented below. The parameter 
estimates, t-statistics and sample sizes are presented for all of the SAE coefficients and Mills ratios. 
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Exhibit C-25 
Net Bill ing Regression Analysis Final Model Outputs 

Parameter Descriptions Units 
SAE Coefficients 

Lighting End Use 
Office Flourescents kWh 
Other Flourescentts kwh 

Parameter Sample 
Estimate t-Statistic Size 

I 

-0.35 0,75 116 
-0.70 1.40 261 

Controls kWh -0.60 0.83 57 
Warehouse HIDs kWh 0.08 0.14 10 
School HIDS kWh 0.13 0.23 10 
Other RE Lighting kWh -0.05 0.07 119 
Customized Incentives Lighting kWh -0.47 0.92 15 

HVAC End Use 
Central A/Cs kWh -3.64 3.41 184 
ASDs kWh -2.53 2.40 2 7 
Chillers kWh - 1.85 1.76 5 
EMS kWh -2.20 3.17 2 0 
Other Customized Incentives HVAC kWh -1.31 1.60 5 
Office Thermostats kWh -0.83 0.85 36 
Other RE/REO HVAC kWh -1.70 1.75 153 

Refrigeration 
Customized Incentives Refrigeration 
R~[REO Refrigeration 

kWh 5.78 2.08 3 
kWh 4.72 2.02 181 

Other End Uses kWh 
Other kWh -2.18 3.94 62 

Mills Ratios 
Single Mills 

Lighting unitless -3083 1.18 1555 
HVAC unitless 2980 1.08 1555 
Refrigeration unitless 4051 1.00 1555 

Double Mills, Interacted with Impact 
LiRhtin~ kWh 0.07 0.33 464 
HVAC kWh 0.54 1.56 3 68 
Refrigeration kWh - 1.92 2.21 183 

It was found that there was a significant problem of multi-coil inearity with the net billing model. 
The double Mills ratios (the Mills ratio interacted with the engineering energy impacts) were found 

be extremely highly correlated with the corresponding engineering energy impacts. Exhibit 
C-26 below presents the correlation of estimates between the double Mills and the engineering 
energy impacts. 
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Exhibit C-26 
Correlation Between Double Mills Ratios and Energy Impact Estimates 

Parameter Descriptions 
Engineering Energy Impact Estimates 

Lighting End Use 
Office Flourescents 

Double Mills Ratios 
Li~htin~ HVAC Refrigeration 

-0.99 -0.06 -0.014 
Other Flourescents -0.98 -0.11 -0.0132 
Controls -0.50 -0.04 -0.0121 
Warehouse HIDs -0.91 -0.07 -O.0137 
School HIDS -0.78 -0.06 -0.0109 
Other RE Lighting -0.65 -0.09 -0.01 
Customized Incentives Lighting -0.95 -0.06 -0.0061 

HVAC End Use 
Central A/Cs -0.06 -0.85 -0.0035 
ASDs -0.12 -0.96 -0.008 
Chillers -0.05 -0.81 -0.004 
EMS -0.08 -0.98 -0.008 
Other Customized Incentives HVAC -0.10 -0.99 -0.0075 
Office Thermostats -0.05 -0.87 -0.0054 
Other RE/RED HVAC -0.09 -0.95 -0.0066 

Refrigeration 
Customized Incentives Refrigeration -0.01 
RE/RED Refrigeration -0.01 

0.00 -0.9916 
-0.01 -0.9936 

Other End Uses 
Other 0.07 -0.02 -0.003 

As a result of the multi-collinearity problem, the majority of the SAE coefficients in the net billing 
model are insignificant at the 95 percent confidence level. In addition, the high correlation 
between the double Mills Ratios and the engineering impact estimates results in relatively 
meaningless parameter estimates. For example, because the HVAC double Mills Ratio is 99 
percent negatively correlated with the "other Custom HVAC" energy impact estimate, the SAE 
coefficient on the energy impact will tend to become more negative as the parameter estimate on 
the Mills Ratio becomes more positive. Therefore, because of the positive parameter estimate of 
0.54 on the HVAC double Mills Ratio, we see the SAE coefficient on the "other Custom HVAC" 
energy impact being driven down to a value of -1.31 (from -.65 in the gross billing analysis). This 
would indicate a net ex post impact estimate that is twice as large as the gross ex post impact 
estimate. Conversely, the negative parameter on the Refrigeration double Mills Ratio is causing the 
SAE coefficient on the refrigeration energy impacts to become positive. 

A number of alternative model specifications were implemented, however all suffered from the 
problem of multi-collinearity. Therefore, the results of the net billing analysis were not 
incorporated into the final net ex post ener~/ impact estimates. Appendix D discusses the results 
of the net to gross analysis that was conducted to estimate the final net ex post energy impact 
estimates. 
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Appendix D 
Net-to-Gross Analysis 



D. NET-TO-GROSS METHOD 

In this appendix, the methods used to derive net-to-gross (NTG) results for the evaluation of 
PG&E's 1995 Commercial RE and Customized Incentives Programs are presented. After a brief 
discussion of data sources, estimates of free-ridership and spillover from participant self-reports are 
discussed. 

D. 1 DATA SOURCES 

Data used in the NTG analysis include 236 telephone surveys from refrigeration end use 
participants and 201 telephone surveys from refrigeration end use nonparticipants surveyed in 
October 1996. 

D.2 SELF-REPORT-BASED ESTIMATES OF FREE-RIDERSHIP 

The RE and Customized Incentives participants surveyed installed or adopted the following 
measures. (Some participants installed more than one measure.) 

Measure N 

Cooler or Freezer with Non-Electric Condensate 
Evaporator 

Night Covers for Display Case 

Strip Curtains for Walk-in Boxes 

New Refrigeration Case with Glass or Acrylic Doors 

Cooler or Freezer Door Gasket 

Auto-Closer for Cooler or Freezer 

Other Measures 

Custom 

165 

23 

21 

10 

16 

6 

13 

6 

Because free-ridership often varies by technology, results were calculated for each technology 
group. However, caution should be employed in interpreting the analysis results, given the small 
group sizes for some technology groups. 

D.2.1 Methods for Scoring Free-Ridership 

Multiple methods were used in scoring free-ridership. The methods used vary slightly from each 
other and elaborate on the technique described in the work plan. All of them use participant 
responses to survey questions regarding the timing of and reasons for equipment replacement 
actions. The complete text of the participant surveys may be found in Appendix S- 1. 

Six methods were used in this analysis. Each is described below. 
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Method 1 is the method described in the work plan. If the customer indicated that he had not 
been shopping for new refrigeration equipment before becoming aware of the program, he was 
scored initially as a net participant. A customer was then classified as a free-rider if he met the 
following two conditions: (1) stated that he would have installed high-efficiency equipment within 
the year and had already selected the equipment; and (2) stated that he would have purchased 
high-efficiency equipment if the program had not existed. 

To be classified as a flee-rider under Method 2; a customer must have: (1) stated that he became 
aware of the program after making an equipment selection; (2) stated that he had already decided 
to purchase high-efficiency equipment before becoming aware of the program; and (3) stated that 
he would have purchased high-efficiency equipment if the program had not existed. As a 
consistency check, if a customer indicated that he would not have replaced the equipment (an 
unprompted response), free-ridership was scored as "0" for the site. This method generates high 
NTG ratios because of the final condition that must be met in order to be scored as a free-rider. 
Most customers reported that they would not have replaced equipment and hence were scored 
as net participants. 

With Method 3, if the customer stated that he would have purchased high-efficiency equipment if 
the program had not existed, he was scored as a free-rider. Additional questions were used to 
"override" this preliminary assignment. If he answered that he hadn't considered purchasing new 
equipment before becoming aware of the program or hadn't yet decided on equipment, then the 
site was rescored as a net participant. If the customer indicated that he had not been shopping but 
had been approached by a vendor/contractor, then free-ridership was set at "0." As a last check, 
information volunteered by customers was used to revert the customer back to free-ridership 
status, if appropriate. 

Method 4 is identical to Method 3 except deferred free-riders 1 (PD500 = 3) are assigned a NTG 
ratio of "0.5." 

Method 5 is similar to the method described in the work plan except additional questions are used 
to validate results. If the customer indicated that he had not been shopping for new refrigeration 
equipment before becoming aware of the program, he was scored initially as a net participant. A 
customer was then classified as a free-rider if he met the two conditions stated in Method 1. If the 
customer stated that the most important factor in his decision to install the equipment was the 
rebate, free-ridership was set to "0." However, if, when asked why he hadn't installed the 
equipment prior to participating, the customer stated that he was planning to, the site was scored 
as a free-rider. 

Method 6 is similar to Methods 1 and 5, except that customers citing information and referral 
services associated with the program as the most important factor in deciding to install the 
equipment were scored as net participants. An opportunity to revert to free-ridership status was 
also allowed with this method. 

D.2.2 Free-Ridership Results 

NTG results weighted by avoided cost (AC) and calculated by subtracting the free-ridership rates 
obtained through each of the methods described above are presented in Exhibit D-1. Results are 
presented overall and by segment. Measures classified as "other" include glass or acrylic doors for 
low-temperature case, low-heat/no-heat refrigeration case doors, humidistat control, case lighting 

1 Deferred flee-riders are those who were planning on installing energy-efficient equipment prior to becoming 
aware of the program but whose purchase was accelerated by the program. 
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electronic ballast, insulate bare suction line, multiplex compressor system, subcooler, and floating 
head pressure controller. 

Exhibit D- 1 
NTG Weighted by Avoided Cost 

RE Measures 
Nonelectric 

New Condensate Auto- Night Strip Custom Overall 
Cases Evaporator Closers Covers Curtains Gaskets Other 

N 10 165 6 23 21 16 13 6 260 
% 2.4% 1.6% 0.5% 0.5% 0.4% 0.2% 5.5% 85.8% 91.3% 

Avoided 
Cost 

Method 1 1.00 0.753 0.880 0.699 0.871 0.434 0.983 0.385 0.508 

Method 2 1.00 0.806 1.00 0.753 0.893 0.703 0.995 0.719 0.782 

Method 3 0.687 0.717 0.961 0.868 0.439 0.717 0.831 0.333 0.455 

Method 4 0.687 0.687 0.927 0.771 0.646 0.661 0.822 0.359 0.471 

Method 5 1.00 0.784 0.880 0.721 0.852 0.434 0.983 0.385 0.509 

Method 6 1.00 0.737 0.880 0.691 0.852 0.434 0.983 0.385 0.507 

Overall, weighted NTG results range from a low of 0.455 for Method 3 to a high of 0.782 for 
Method 2. Results obtained using Method 1 (initially proposed in the workplan) were consistent 
with those from the other methods, and the Method 1 result of 0.508 overall NTG was used as the 
basis for subsequent adjustment for spillover. 

D.3 SELF-REPORT-BASED ESTIMATES OF SPILL OVER 

Refrigeration spillover can be defined as refrigeration efficiency improvements implemented 
outside the program but influenced by the program. Preliminary estimates of refrigeration spillover 
rates were generated by analyzing responses to a combination of questions asked of 236 
participants and 201 nonparticipants. 

D.3.1 Methods for Scoring Spillover 

The integrated approach to estimating refrigeration spillover is summarized below. 

All survey respondents were asked if they had installed refrigeration equipment outside the 
program since January 1993. Participants who answered "yes" to the first question were asked if 
these changes were made after participating in the program. Nonparticipants, and participants 
who said the changes were made after participation, were asked if they made the equipment 
changes through a PG&E program. 

Participants who passed the first two screening questions and had not changed out refrigeration 
equipment through a PG&E program, and nonparticipants who passed the first two screening 
questions and were aware of the program at the time of equipment purchase, were asked how 
influential the program was in their decision. Those who said that the program had influenced 
their decision2 were included in the preliminary estimate of program spillover. 

2 "To what  extent did part ic ipat ing in the program influence your addit ional equipment  selection?" Values of 2, 3, 
4, and 5 (slightly influential to very inf luential) were considered to demonstrate program influence on the purchase. 
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Survey-based estimates were applied to the refrigeration participant population and the 
refrigeration nonparticipant population along with estimates of impact per site, resulting in a final 
spillover impact. 

It should be noted that this analysis provides a preliminary indication of spillover rates and more 
in-depth analysis is required to quantify spillover impacts. 

D.3.2 Spillover Result-- Participants 

Results of the sequential analysis of survey responses to estimate a participant spillover rate of 0.42 
percent are illustrated in Exhibit D-2. 

Exhibit D-2 
Refrigeration Spillover Indicators 

Program Participants 

Percentage 
of Total 

Participant 
Sample 

4 

2 

0 
Installations 
Made After 

Program 
Participation 

!1 I I  t } t - - ~  
Installations Program 1995 

Were Not Was Spillover 
Part of Influential 

Program 

Twenty-nine surveyed participants (12 percent of the total participant sample) reported that since 
January 1993 they had added refrigeration equipment. Forty-five percent of those participants 
who added equipment (6 percent of the total participant sample) added the equipment after 
participating in the program. Thirty-eight percent (5 percent of the total participant sample) did not 
install the equipment through the program. Two of these respondents (0.85 percent of the total 
participant sample) reported the program influenced their additional refrigeration equipment 
installations. Of these two, one installed additional refrigeration in 1995. One of 236 participants 
yields an initial unweighted spillover rate of 0.42 percent for 1995. 

D.3.3 Spillover Results-- Nonparticipants 

Results of the sequential analysis of survey responses to estimate nonparticipant spillover are 
illustrated in Exhibit D-3. 
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Exhibit D-3 
Refrigeration Spillover Indicators 

Program Nonparticipants 

25 

20 

Percentage of 15 
Total 

Nonparticipant 
Sample 10 

II 
0 I I I I 

Installed Aware of Pr?~ram 1995 
Outside the Program at was Spillover 

Program Time of Influential 
Purchase 

Fifty of 201 program nonparticipants reported making refrigeration changes outside the program, 
of which 47 respondents confirmed their installations were not done through the program. Nine 
respondents (4 percent of the total nonparticipant sample) reported they were aware of the 
program before they purchased the equipment. Of these 9, 2 respondents reported their 
knowledge of the program was influential on their equipment selection. Neither of these 2 
respondents installed their refrigeration equipment in 1995, indicating there was no 1995 program 
spillover within the nonparticipant sample, according to our definition. 

Because the levels of self-reported spillover were low for participants and nonexistent for 
nonparticipants, it was decided not to apply a correction for spillover. One minus the self- 
reported rate of free-ridership (0.508) was therefore used as the self-reported NTG ratio for 
Refrigeration overall, with the corresponding measure-specific NTG ratios used for individual 
technologies. 
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Commercial Refrigeration Ex Ante Gross Energy Impacts 
By Business Type and Technology Group 

~ Business Type 

ProRram and Technology 

M D S S  Gross Enerfiy Impacts (kWh) 

. . .. ~ - ~ • ~ o. 

Retrofil Express Program 
Refrigeration Load Reduction 

Low Temperature Glass/Acrylic Door 
Heatless Door 

Cooler/Freezer Door Gaskets 
Auto Closer for Cooler/Freezer 
Medium Temperature Case w/Door 
Strip Curtains for Walk-in 
Low Temperature Case w/Door 
Night Covers for Display Cases 

Compressor Upgrades 
Mechanical Subcooler 
Multiplex Comlpressor System 
Adjustable Speed Drive 
Floating Head Pressure Controls 

Condenser Upgrades 
Oversized Air-Cooled Condenser 
Oversized Evaporative Condenser 

Evaporator Upgrades 
Walk-in Cooler PSC Evaporator Motor 
Display PSC Evaporator Motor 

Other 
Anti-Sweat Heater Control 
.Suction Line Insulation 
Display Case Eleclronic Ballast 
Non-Electric Condensate Evaporator 

- - ; - 44,521 
55,595 

23,194 i 66,147 30,926 
55,457 70,756 1,912 

1,718 8,018 144,378 4,582 

531 983 1,781 34,162 2,954 

354,537 

t0,916 369,671 3,184 

8,570 

180,060 

1,912 

18,272 
8,904 

5,764 

• 34,~51 I . . . . .  

- " 28,723 12,482 1 . . . . .  

31,020 

50,331 239 8,313 

66,832 4,236 8,546 37,835 

44,521 
55,595 
120,267 
130,038 
158,695 

215,799 274,483 
363,441 
383,771 

8,570 

7,550 187,610 

5,764 

863,286 863,286 

- - 34,551 

542,614 542,614 

- 13,869 I 26,352 
" I 28,723 

31,020 

3,001 61,885 
117,448 

Retrofit Expeess Tolal 
;Customized Incentives Program 

Coml~'essor Upgrades 
Floating Head Pressure Controls 
Booster Oesuper heaters 

Condenser U i~olrades 
Oversized Condensers 

Other 
Refrigeration EMS 
Refrigeration Add/Change 
Refrigeration Olher 

Customized IncentlvesTotal 
Total 

22,324 12,557 4,186 4,186 111,618 389,269 2,790 8,371 8,371 1,395 30,695 4,004 599,768 

II 33,119 148,960 4,186 5,967 1,663,953 I 433'0661 2,790 10,284 53,862 1 ,395  30,695 1,650,12511 4,O3B,402 

- - B5,673 . . . . .  85,673 
107,048 107,048 

244,994 I II 2.44,994 

- . _ 3 , 5 5 1 , 5 7 9  _ . . I " _ 1 , 4 2 7 , 7 9 5 1 1  4 , 9 7 9 , 3 7 4  

48_156 - 213~119 1,272,871 I 1,970,146 
11,021,897 - t 165,042 11,186,939 

II 484,156 I 15,011,191 I 213,119 I 2,865,70811 18,574,174 
II517,2751 148,960 4,186 5,967 t6,675,144 I 433,066 2,790 10,284 266,981] 1,395 30,695 4,515,833tl22,612,576 



Commercial Refrigeration Ex Ante Net Energy Impacts 
By Business Type and Technology Group 

~ Business Type 

Program and Technology ~ 

M D S S  Nel Energy Impacts (kWh) 

- . - _  o : 

Retrofit Express Program 
Refrigeration Load Reduclion 

Low Temperature Glass/Acrylic Door 
Heatless Door 

Cooler/Freezer Door Gaskets 
Auto Closer for Cooler/Freezer 
Medium TerrTm.rature Case w/Door 
Strip Curtains for Walk-in 
Low Temperature Case w/Door 
Night Covers for Di~tay Cases 

Com~'esior U F~.r ades 
Mechanical Su[x:ooler 
Multiplex Compressor System 
Adjustable Speed Drive 
Floating Head Pressure Controls 

Condenser Upgrades 
Oversized Air-Cooled Condenser 
Oversized Evaporative Condenser 

Evaporator Upgrades 
Walk-in Cooler PSC Evaporator Motor 
Display PSC Evaporator Motor 

Other 
Anti-Sweat Heater Control 
Suction Line Insulation 
Display Case Electronic Ballast 
Non-Electric Condensate Evaporator 

28,939 
36,137 

17,396 47,033 21,476 
41,593 47,712 1,434 

1,117 5,212 93,845 2,978 
345 639 1,158 22,205 1,920 

23~449 
7,096 240,286 2,070 

5,555 24,593 

5,570 
117,039 

1,434 

11,877 
5,788 

3,747 

="1  . . . . .  1 
I ,:::o I ) . . . .  

20,163 
32,715 155 5,404 
43,441 2,754 

2~939 
3~137 
85,905 
92,174 
103,152 

140,269 178,414 
236,237 
249,451 

5,570 
4,907 121,946 

3,747 
561,136 561,136 

- 22,458 
352,699 352,699 

9,015 17,129 
- 18,670 

2~163 
1,951 4~225 

76,341 
16,185 9,418 3,139 3,139 78 ,691  275,767 1,953 5,999 5,581 1,046 21,905 2,742 425,567 

II 23'2011105'9451 3,139 I 4,297 I 1'~3'467130S'801i 1,953 I 7,434 I 35,150 I 1,046 I 21,90S 11,072,72011 2,676,059 
Cu$1omized Incentives Program 

Compressor Upgrades 
Floating Head Pressure Controls 
Booster Desuperhealers 

Condenser Upgrades 
Oversized Condensers 

Other 
Refrigeration EMS 
Refrig~ation Add/Change 
Refrigeration Other 

Customized Incenllves Total 
Tolal 

I - t - - I 64 ,255  . . . . . . .  80,286 t 64,255 80,286 

I I I I 183,7,6 I ] I I I I I II ,83,746 

,,3,,,41412::: l l [ L'::::'J 
II 363.1171 I r 1 11.258.3941 I I I ,59.639] I 1 2.'49.2B'11 13.930.632 
II 386.318 I 105.94s I 3.139 I 4.297 I 12.351.8611 305.801 I 1.953 ) 7.434 I 194.9891 1.046 I 21.905 I 3.222.00111 16.606.690 



Commercial Refrigeration Unadjusted Engineering Gross Energy Impacts 
By Business Type and Technology Group 

~ u s i n e s s  Type FirsI-Year Unadjusted Gros~ Enersy Impacts (kWh) 

lietroltl E,cFt~ Program 
Refrigeration toad Reduction 

Low Temperature Glass/Acrylic Door 
Heatless Door 
Cooler/Freezer Door Gaskets 56,457 
Auto Closer for Cooler/Freezer 102,515 
Medium Temperature Case w/Door 2,418 11,284 
Strip Curtains for Walk-in 6,678 12,352 
Low Temperature Case w/Door 
Night Covers for Display Cases 13,114 

Compressor Upgrades 
Mechanical Subcooler 
Multiplex Compressor System 
Adjustable Speed Drive 
Floating Head Pressure Controls 

Comlee, se.r Upsrades 
Oversized Air-Cooled Condenser 
Oversized Evaporative Condenser 

Evaporalor Ul~lrades 
Walk-in Cooler PSC Evaporator Motor 
Display PSC Evaporator Motor 

Other 
Anti-Sweat Heater Control 
Suction Line Insulation 
Display Case Electronic Ballast 11,934 52,836 

88,380 
38,734 
161,007 75,276 
130,795 3,535 
203,193 6,448 

22,388 42~386 37,133 
703,799 
444,087 3,825 

10,320 
200,912 

3,535 

229,670 
17,676 

7,710 

- - 41,850 . . . . . .  

- - 1 5 , 0 3 9  . . . . .  [ - 

I 34,669 

51,737 
61,815 294 
93,330 

10,210 
5,916 

88,380 
38,734 
292,740 
24~380 
223.343 

2,712,422 3,450,029 
721,475 
461,025 

10,320 
8,424 209,336 

7,710 
1,04~522 1,040,522 

- 41,850 
659,123 659,123 

16,710 I 31,749 
- 34,669 

51,737 
3,686 76,005 

164,016 
Non-Electric Condensate Evaporator 26,896 t5 ,129 5,043 5,043 134,480 468,999 3,362 10,086 10,086 1,681 36,982 5,043 722,830 

RelrolitExpre~Total 47,926 263,6871 5,0~3 27,431 2,843,533 595,510 3,362 13,621 281,268 1,681 36,9821 4'445'92911 8,565,972 
~slomlzed Incentives Program 

Compcessor Upgrades 
Floating Head Pressure Controls 
Booster Desuperheaters 

Ccmdenser Uplprades 
Oversized Condensers 

Olher 

Refrigeration EMS 
Refrigeration Add/Change 
Refrigeration Other 

Custon~zedlncenfivesTotal 
Tolal 

T 

- - 8 5 , 6 7 3  - - - / " - - 85,673 

147,887 I 147,887 

244,994 I II 244.994 

I 3742294 I [ 52747314269767 
484,156 - 175,202 903,671 1,563,029 

11,729,547 I 165,042 11,894,589 
II 484,156 0 I 0 0 15,950,3951 0 0 0 I 175 ,2 °2 t  0 0 1,596,18611 18,265,939 I 
L532,082 263,687 t 5,043 27,431 18,793,928 1 595,510 3 ,362 13,621 t 456,470 I 1,681 36,982 6,o42,11511 26,771,911i. 



Commercial Refrigeration Gross Energy Impact SAE Coefficients 
By Business Type and Technology Group 

~ Business Type SAE Coefficients 
m 

° _ ..- 

Program and Technology .~ ~u~ "~ ~ qp = '~ 
Retrofit Express Program 

Refrigeration Load Reduction 
Low Temperature Glass/Acrylic Door 
Heatless Door 
Cooler/Freezer Door Gaskets 
Auto Closer for Cooler/Freezer 
Medium Temperature Case w/Door 
Strip Curtains for Walk-in 
Low Temperature Case w/Door 
Night Covers for Display Cases 

Compressor Upgrades 
Mechanical Subcooler 
Multiplex Compressor System 
Adjustable Speed Drive 
Floating Head Pressure Controls 

Condenser Upgrades 
Oversized Air-Cooled Condenser 
Oversized Evaporative Condenser 

Evaporator Upgrades 

Customized Incentives Program 
Compressor Upgrades 

Floating Head Pressure Controls 
Booster Desuperheaters 

Condenser Upgrades 
Oversized Condensers 

Other 
Refrigeration EMS 
Refrigeration Add/Change 
Refrigeration Other 

Customized Incentives T( 
Total 

0.53 0.53 0.53 0.53 0.53 0.53 L0 .53  
r-------- 

0.53 0.53 0.53 0.53 0.53 0.53 0.53 
L ' 

0.53 0.53 0.53 0.53 0.53 0 . 5 3 0 . 5 3  

0.53 0.53 0.53 0.53 0.53 0.53 0.53 

0.53 0.53 0.53 0.53" 0.53 0.53 ! 0.53 
L 

0.53 0.53 0.53 0.53 i 0.53 0.53 : 0.53 

0.53 0.53 0.53 0.53 7 0.53 0.53 0.53 

- J' l 0.53 0.53 0.53 0.53 i 0.53 0.53 0.53 

0.53 / 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 

0 . 5 _ _ _ _ _ 3 _ ~ ~  0.53 0.53 0.53 0.53 0.53 1 
0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 

0.53 0.53 0.53 0 . 5 3 0 . 5 3  0.53 0.53 0.53 0.53 0.53 0.53 0.53 
i 

0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 

0.53 

II 

0 ~ 7 5  0.75 0.75 0.750.75 0.75 
0.75 



Commercial Refrigeration Ex Post Gross Energy Impacts 
By Business Type and Technology Group 

ness Type First-Year Gross Ener[ / tmpacls (kWh) 

~etrol~l Express Program 

Refri~eraiion Load Reduction 
Low TemperabJre Glass/Acrylic Door 

Heatless Door 

Cooler/Freezer Door Gaskets 

Auto Closer for Cooler/Freezer 

Medium Temperature Case w/Door 

Strip Curtains for Walk-in 
Low Temperature Case w/Door 
Night Covers for Display Cases 

Compressor Upgrades 
Mechanical Subcooter 
Multiplex Compressor System 

Adjustable Speed Drive 

Floatirir B Head Pressure Controls 

CorKlemer Ul~rades 
Oversized Air-Cooled Condenser 

Oversized Evaporative Condenser 

Evaporator Upgrades 

Walk-in Cooler PSC Evaporator Motor 
Display PSC Evaporator Motor 

Otfler 
Anti-Sweat Heater Control 

Suction Line Insulation 

Display Case Electronic Ballast 
Non-Electrlc Condensate Evaporator 

Retrofit Express To~l 

46,454 

20,359 
29,675 84,628 39,566 

53,883 68,746 1,858 

1,271 5,931 106,801 3,389 

3,510 6,492 11,767 225,692 19,518 

369,928 
6,893 233,419 2,010 

6,273 27,771 

5,424 
105,603 

1,858 

120,718 
9,291 

4,052 

- 7,905 . . . . .  

18,223 

27,194 
32,491 154 5,367 

49,056 3,110 

46,4S4 
20,359 

153,869 
126,347 

117.392 

1,425,690 1,813,387 

379,218 

242,322 

5,424 

4,428 110,030 

4,052 
546,914 546,914 

- I " 21,997 

I 346,445 346,445 

- I 8,783 16,688 

I - 18,223 

27,194 

1,937 39,949 

86,209 
l | l l , |  | ~ ? |  | 1 . ~ 1  l .  IP4I~1.111.  | t l I . ~ ; k l  | 1  [ g l  | I ' .  | P / ? i .  | t i t )  | | ~ t * l  | | ; ; ' t  [ I  | g I ~ l "  ' ; •  l ~  .~1 | .  i r g k ~  [I 

i',ll~lJ~] i I •t:•;'~];l O , l [ ,~ i , l l  l l ~  H ; I  l E g~l,~l]~ l I l l i  11[12l~I I l l r / 3 i  I J H . " ~ !  I I~ 1'41; IG i ; i  I ; t ; ~  I I I1~3[ IGI;! I,,•l~ll[;~;J~ JEdl I II.'[l~.~.[I 

Ci.mlomlzed Incentives Program 

Compressor Upgrades 
Floatin 8 Head Pressure Controls 
Booster Desuperheaters 

Condenser Upgrades 
Oversized Condensers 

Other 
Refrigeration EMS 
R~rigeratioo Add/Change 
Refril~eration Other 

CustomiaedlncenllvesTotal 
Total 

t - - I - 64,488 . . . . . . .  111,318 I t 64,488 111,318 

1 1 I I 184,412 I I i I I ! 1 II 184,412 

" l-r   tl '9703932''9'9 364434 - 131 878 680,211 1,176,523 

8,829,065 I 124,230 8,953,295 

11364,4341 0 I 0 I 0 112,006,1811 0 I 0 ] 0 1131,8781 0 I 0 11,201,4811113,703,974 
II 389,6241 138,5981 2,651 I 14.418 I 13,5°°,7851 313,0091 1,767 I 7,159 I 279,717 1 884 I 19,438 1 3,538,328H 18,206,378 



Commercial Refrigeration Net-to-Gross Adjustments 
By Business Type and Technology Group 

~ s  and Technolo~ly 

Retrofit Express Program 
Refrigeration Load Reduction 

Low Temperature Glass/Acrylic Door 

Heatless Door 

Cooler/Freezer Door Gaskets 

Auto Closer for Cooler/Freezer 

Medium Temperature Case w l  Door 

Strip Curtains for Walk-in 

Low Temperature Case w /Doo r  

Night Covers for Display Cases 

Compressor Upgrades 
Mechanical Subcooler 

Multiplex Compressor System 

Adjustable Speed Drive 

Floating Head Pressure Controls 

Condenser Upgrades 
Oversized Air-Cooled Condenser 

Oversized Evaporative Condenser 

Evaporator Upgrades 
Walk-in Cooler PSC Evaporator Motor 

Display PSC Evaporator Motor 

Other 
Anti-Sweat Heater Control 

Suction Line Insulation 

Display Case Electronic Ballast 

Non-Electric Condensate Evaporator 

Retrofit Express Total 

Net-to-Gross Ad ustments 
u 

~ - >  ~ ~ "a • e " " -  

"3"E ~ ~ o I .  

0,98 0.98 0198 0,98 0 .98  0 ,98  0 ,98  0,98 0 .98  0 .98  0 .98  

0.98 0.98 * 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 

0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 

0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 

1.00 ] .00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 

0.98 0.98 [ 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 

0.98- 0.981 ~ 0.98 0.98 0.98 0.98 0.98 0 . 9 8  0.98 0.98 0.98 0.98 
i 

0.98 0.98 / ~ . ~ 0  98 0.98 0.98 0.98 0.98 0 . 9 8 ,  0.98 0.98 0,98 0.98 

0.98 0.98 L_.0_:98. 0.98 0.98 0.98 0.98 0 .98 l  0.98 0.98 0.98 0.98 

O ~  0.980.980.98 0.98 0.98 0.98 

0.98 

H~ 

Customized Incentives Program 
Compressor Upgrades 

Floating Head Pressure Controls 

Booster Desuperheaters 

Condenser Upgrades 
Oversized Condensers 

Other 
Refrigeration EMS 

Refrigeration Add/Change 

Refrigeration Other 

Customized Incentives Total 
Total 

039°39 
o39 1 o39 1 o39 1 039 1 o39 1 o39 1 o39 1 o39 1 o39 1 o39 1 039 1 o39 I ~  



Commercial Refrigeration Ex Post Net Energy Impacts 
By Business Type and Technology Group 

! ~  Business Type 

letrofi! Express Program 

FirsI-Year Net Ener~ Impacls (kWh) 

i - ' 

Refrigeration Load Reduction 

Low Temperature Glass/Acrylic Door 
Heatless Door 

Cooler/Freezer Door Gaskets 
Auto Closer for Cooler/Freezer 

Medium Temperature Case w/Door 

Strip Curtains for Walk-in 

Low Temperature Case w/Door 
Night Covers for Display Cases 

Compressor Upgrades 
Mechanical Subcooler 

Multiplex Compressor System 
.Adjustable .Speed Drive 

Floating Head Pressure Controls 

Condenser Upgrades 

Oversized Air-Cooled Condenser 
Oversized Evaporative Condenser 

Evaporalor Upgrades 
Walk-in Cooler PSC Evaporator Motor 

Display PSC Evaporator Motor 
Other 

Anti-Sweat Heater Control 

Suction Line Insulation 
Display Case Electronic Ballast 
Non-Electrlc Condensate Evaporator 

RelroRt Express Tolal 

45,664 
20,013 

12,879 36,728 17,172 
47,417 60,498 1,635 

1,271 5,931 106,801 3,389 

3,057 5,655 10,249 196,578 17,000 

369,928 
4,818 163,160 1,405 

5,332 
103,807 

1,635 

105,145 

9,291 

3,984 

- - - 21,623 . . . . . .  

- - - 7,770 J . . . . . .  

I 17,913 

26,731 

45,664 

20,013 
66,779 

111,186 

117,392 

1,241,776 1,579,460 
379,218 

169,383 

5,332 
4,353 108,160 

3,984 

537,616 537,616 

- 21,623 

340,555 340,555 

8,634 16,404 
- 17,913 

26,731 

31,938 152 5,275 1,905 39,270 

6,166 27,299 48,222 3,057 84,744 
10,645 5 ,988 1 ,996  1 ,996  53,226 1185,624 t , 331  3 ,992  3,992 665 14,637 1,996 286,088 

[I 21,139 1 109'9871 1,996 12,245 1,315,932 I 226,3771 1,331 5 ,627 130,7441 665 14,637 [ 2,136,83411 3,977,515 
Customized Iocentlvus Program 

Compressor Upgrades 

Floating Head Pressure Controls 
Bcx~ster Desuperheaters 

Condenser Upsrades 
Oversized Condensers 

Other 

Refrigeration EMS 

Refrigeration Add/Change 
Refrigeration Other 

Customized hseelrltivus Total 

Tolal 

24,828 . . . . . .  24,828 

42,857 42,857 

70,999 I I 11 70,999 

1,084,506 ~ 152,860 1,237,366 

140,307 50,773 261,881 452,961 
3,399,190 1 47,829 3,447,019 

II 140.3071 0 0 0 4.622.3801 0 I 0 0 s0,773 0 0 462,$70 )I 5,276,o3o 
161,4461 109,9871 1,996 12,245 5,938,312 I 226,3771 1,331 5 ,627 181,5171 665 14,637 2,599,4o41l 9,253,545 



Commercial Refrigeration Gross Energy Impact Realization Rates 
By Business Type and Technology Group 

~ - ~  Business Type 

P ~  r a m ~ e c h n o , o ~ _ ~ . _ ~ . ~ . _ ~ . ~  

Retrofit Express Program 
Refrigeration Load Reduction 

Low Temperature Glass/Acrylic Door 

Heatless Door 

Cooler/Freezer Door Gaskets 

Auto Closer for Cooler/Freezer 

Medium Temperature Case w / D o o r  

Strip Curtains for Walk-in 

Low Temperature Case w /Door  

Night Covers for Display Cases 

Compressor Upgrades 
Mechanical Subcooler 

Multiplex Compressor System 

Adjustable Speed Drive 

Floating Head Pressure Controls 

Condenser Upgrades 
Oversized Air-Cooled Condenser 

Oversized Evaporative Condenser 

Evaporator Upgrades 
Walk-in Cooler PSC Evaporator Motor 

Display PSC Evaporator Motor 

Other 
Anti-Sweat Heater Control 

Suction Line Insulation 

Display Case Electronic Ballast 

Non-Electric Condensate Evaporator 

Retrofit Express Total 

. . . .  1 . 0 4 -  . . . . .  1.04 

. . . .  037  . . . . .  

- 128 - - 1 . 2 8 1 . 2 8  . . . . . .  

- 0 . 9 7 -  - 0 . 9 7 0 ~ 7  - 0~7 . . . .  

0 . 7 4 0 . 7 4 - -  0 . 7 4 0 . 7 4 -  . . . . .  

6 6 ]  6 6 1  6 ~ 1  6 6 1  6 ~  6 1  ~ 6 6 1  - -  & 6 1  

0.63 . . . . . . .  0.63 

~ 5 9  . . . . . .  0.59~___Z~__ 
. . . .  ~ 7 0  - - - 

. . . . . . .  0 . 6 3  0 . 6 3  

: : : : : : E 

Cuslomized Incentives Program 
Compressor Upgrades 

Floating Head Pressure Controls 

Booster Desuperheaters 

Condenser Upgrades 
Oversized Condensers 

Other 

Refrigeration EMS . . . .  0 . 7 9 -  . . . .  0.28 0.65 

Refrigeration Add/Change 03S . . . . . . .  0.62 - - 0.53 

Refrigeration Other - 0.80 

Customized Incentives ~ [ ~  

Tota, ~ E ~  



Commercial Refrigeration Net Energy Impact Realization Rates 
By Business Type and Technology Group 

~ Business Type 

Program and Technology 

Net Enerl~y Impact Realization Rates 

~ ~ ~ .~ 

Retrofit Express Program 
Refrigeration Load Reduction 

Low Temperature Glass/Acrylic Door 

Heatless Door 

Cooler/Freezer Door Gaskets 

Auto Closer for Cooler/Freezer 

Medium Temperature Case w/Door 

Strip Curtains for Walk-in 

Low Temperature Case w/Door 

Night Covers for Display Cases 

Compressor Upgrades 
Mechanical Subcooler 

Multiplex Compressor System 

Adjustable Speed Drive 

Floating Head Pressure Controls 

Condenser Upgrades 
Oversized Air-Cooled Condenser 

Oversized Evaporative Condenser 

Evaporator Upgrades 
Walk-in Cooler PSC Evaporator Motor 

Display PSC Evaporator Motor 

Other 
Anti-Sweat Heater Control 

Suction Line Insulation 

Display Case Electronic Ballast 
Non-Electric Condensate Evaporator 

Retrofit Express Total 

1.14 
8.85 

1.11 

0.66 

II o91 

1.58 1.58 

0.55 0.55 

0.74 0.78 0.80 0.78 

1.14 1.27 1.14 1.14 1.21 

1.14 1.14 1.14 1.14 

8.85 8.85 8.85 8.85 8.85 8.85 8.85 

1.61 1.61 1.61 

0.68 0.68 0.68 0.68 

0.96 0.96 

0.89 0.89 0.89 

1.06 1.06 

0 . 9 6  0.96 

- t  I ° ~ ° 1 - 1 -  I - o;~11:~:~ 

I I°~°1 - o~ 1 °~11 °~° o~o 
1.33 1.33 

0.98 0.98 0.98 0.98 0.98 
1.11 1.11 1.11 1.11 

0.64 I 0.64 0.64 0.68 0.67 0.68 0.67 0.72 0.64 0.67 0.73 0.67 

1.0410.64 2 8 3 1 1 . 2 0  1 0.74 0.68 0.76 3.72 0.64 0.67 1.9911 1.49 
Customized Incentives Program 

Compressor Upgrades 
Floating Head Pressure Controls 

Booster Desuperheaters 

Condenser Upgrades 
Oversized Condensers 

Other 
Refrigeration EMS 

Refrigeration Add/Change 

Refrigeration Other 

Customized Incentives Total 
Total 

I [:~1 I . . . . . .  II °0~ 
I I 039 1 I I II o39 

0.41 0 . 1 4  0.33 

0.39 0.32 0.27 0.31 

0.41 0.39 0.41 

II ° 3 9 1  I 0.41 I I I I 0.32 0.22 II 0.38 
II 042 I 1 °41  0.64 2.85 0.48 I 0.74 1 068 1 076 1 0.93 0.64 0.67 0.81 II 056 



Commercial Refrigeration Ex Ante Gross Demand Impacts 
By Business Type and Technology Group 

~ Business Type 

Program and Technolo~ 
Retrofit Express Program 

Refrigeration Load Reduction 
Low Temperature Glass/Acrylic Door 

Heatless Door 

Cooler/Freezer Door Gaskets 

Auto Closer for Cooler/Freezer 

Medium Temperature Case w/Door 

Strip Curtains for Walk-in 

Low Temperature Case w/Door 

Night Covers for Display Cases 

Compressor Upgrades 
Mechanical Subcooler 

Multiplex Compressor System 

Adjustable Speed Drive 

Floating Head Pressure Controls 

Condenser Upgrades 
Oversized Air-Cooled Condenser 

Oversized Evaporative Condenser 

Evaporator Upgrades 
Walk-in Cooler PSC Evaporator Motor 

Display PSC Evaporator Motor 

Other 
Anti-Sweat Heater Control 

Suction Line Insulation 

Display Case Electronic Ballast 

Non-Electric Condensate Evaporator 

First-Year Gross Demand Impacts (kW) 

~'E e- 

5 

3 

3 7 

19 24 

0 1 17 

0 0 4 

41 

i le's, 

6 

54 

Retrofit Express Total 

2 

1 4 6 0 

2 1 0 8 28 1 1 0 

II 3 2z I 1 185 I 3 4  1 4 0 

m 

5 

3 

14 

44 

18 

28 36 

42 

0 

6 

2 56 

0 

0 

- I  S 117 117 

- 1 

2 

0 

11 

0 44 

148 II 405 

Customized Incentives Program 
Compressor Upgrades 

Floating Head Pressure Controls 

Booster Desuperheaters 

Condenser Upgrades 
Oversized Condensers 

Other 
Refrigeration EMS 

Refrigeration Add/Change 

Refrigeration Other 

Customized Incentives Total 

To~l 

I J I I :  
I I I II 

85 [ 85 170 I 
i 9 369 378 

532 532 

I 0 [ 647 I O I 0 0 I 9 0 I 145411 1,11o 
1 2 7 1  8 3 2 1 3 4  I 0 1 1 1 4  0 I I 602 II 1,s1s 



Commercial Refrigeration Ex Ante Net Demand Impacts 
By Business Type and Technology Group 

Business Type 

Program and Technolo~), 
Retrofit Express Program 

Refrigeration Load Reduction 
Low Temperature Glass/Acrylic Door 

Heatless Door 

Cooler/Freezer Door Gaskets 

Auto Closer for Cooler/Freezer 

Medium Temperature Case w/Door 

Strip Curtains for Walk-in 

Low Temperature Case w/Door 

Night Covers for Display Cases 

Compressor Upgrades 
Mechanical Subcooler 

Multiplex Compressor System 

Adjustable Speed Drive 

Floating Head Pressure Controls 

Condenser Upgrades 
Oversized Air-Cooled Condenser 

Oversized Evaporative Condenser 

Evaporator Upgrades 
Walk-in Cooler PSC Evaporator Motor 

Display PSC Evaporator Motor 

Other 

Anti-Sweat Heater Control 

Suction Line Insulation 

Display Case Electronic Ballast 

Non-Electric Condensate Evaporator 

First -Year Demand Impacts (kW) 

Retrofit Express Total II 2 

"S E u  

3 

2 

2 5 2 

14 t6 0 

0 1 11 0 

0 0 0 3 0 

26 

II 
II 
I 
II 
II 

4 

35 

I 2 

I I 0 0 

20 0 I 0 
I 

3 

0 - 

1 

2 

4 

6 20 

122 24 

-I-I-  - 

0 

0 0 0 0 

0 1 1 1 3  0 

i -  

3 

2 

I0 

31 

12 

18 23 

27 

4 

1 36 

- 3 
76 76 

o 1 1 1  
- 1 

7 

2 0 31 

2 9 o ,  2o9 
II 

Customized Incentives Program 
Compressor Upgrades 

Floating Head Pressure Controls 

Booster Desuperheaters 

Condenser Upgrades 
Oversized Condensers 

Other 
Refrigeration EMS 

Refrigeration Add/Change 

Refrigeration Other 

Customized Incentives Total 

Total 

- -I . . . .  I-I- - -I-I 

I 22 I I I II 22 

64 64 128 

7 277 284 

399 399 

II I I I 1 48si I I I 7 1 I 134111 8~3 
II 2 1201 0 1 0 16071241 0 1 I [ I0[ 0 1 2 I 437 II 1,102 



Commercial Refrigeration Ex Post Gross Demand Impacts 
By Business Type and Technology Group 

Business Type 

Program and Technolo~,, 

Retrofit Express Program 
Refrigeration Load Reduction 

Low Temperature Glass/Acrylic Door 

Heatless Door 

Cooler/Freezer Door Gaskets 

Auto Closer for Cooler/Freezer 

Medium Temperature Case w/Door 

Strip Curtains for Walk-in 

Low Temperature Case w/Door 

Night Covers for Display Cases 

Compressor Upgrades 
Mechanical Subcooler 

Multiplex Compressor System 

Adjustable Speed Drive 

Floating Head Pressure Controls 

Condenser Upgrades 
Oversized Air-Cooled Condenser 

Oversized Evaporative Condenser 

Evaporator Upgrades 
Walk-in Cooler PSC Evaporator Motor 

Display PSC Evaporator Motor 

Other 
Anti-Sweat Heater Control 

Suction Line Insulation 

Display Case Electronic Ballast 

Non-Electric Condensate Evaporator 

Retrofit Express Total 

First-Year Unadjusted Gross Demand Impacts (kW) 

- ~" - ~. ~ s ' E  '3"E -= e ~ ~ o ~ o ~ .- 

10 10 

4 4 

6 18 9 33 

17 21 1 "1 39 

0 1 23 1 25 

1 1 3 49 4 26 310 394 

80 2 82 

- -  

Customized Incentives Program 
Compressor Upgrades 

Floating Head Pressure Controls 

Booster Desuperheaters 

Condenser Upgrades 
Oversized Condensers 

Other 
Refrigeration EMS 

Refrigeration Add/Change 

Refrigeration Other 

Customized Incentives Total 
Total 

IOI IlI III III I$~I IOI IOI IlI IIIlI III IeI I~ tIIIIII[| 



Commercial Refrigeration Ex Post Net Demand Impacts 
By Business Type and Technology Group 

~ Business Type 

Program and Technology ~ 

~ ' ~  

First -Year Net Demand Impacts (kW) 

m 

o i :Z z 

C ~ E w 

Retrofit Express Program 
Refrigeration Load Reduction 

Low Temperature Glass/Acrylic Door 

Heatless Door 

Cooler/Freezer Door Gaskets 

Auto Closer for Cooler/Freezer 

Medium Temperature Case w/Door 

Strip Curtains for Walk-in 

Low Temperature Case w/Door 

Night Covers for Display Cases 

Compressor Upgrades 
Mechanical Subcooler 

Multiplex Compressor System 

Adjustable Speed Drive 

Floating Head Pressure Controls 

Condenser Upgrades 
Oversized Air-Cooled Condenser 

Oversized Evaporative Condenser 

Evaporator Upgrades 
Walk-in Cooler PSC Evaporator Motor 

Display PSC Evaporator Motor 

Other 
Anti-Sweat Heater Control 

Suction Line Insulation 

Display Case Electronic Ballast 

Non-Electric Condensate Evaporator 

Retrofit Express Total 

1 

2 

II s 

3 

15 

1 
t 

10 

4 

8 

19 

23 

43 

80 

6 

23 

I _ 

[ -  

6 

7 0 

6 11 

1 11 39 

28 261 I 48 I 

4 

1 1 
1 
4 23 

2 

1- - 

I I I 
1 
1 

0 1 1 

0 t I 28 I 

10 

4 

15 

34 

25 

270 343 

82 

0 

I 6 
1 23 

1 

0 

- 5 
73 73 

- 4 

6 

0 9 

20 

0 61 

347 II 725 
Customized Incentives Program 

Compressor Upgrades 
Floating Head Pressure Controls 

Booster Desuperheaters 

Condenser Upgrades 
Oversized Condensers 

Other 
Refrigeration EMS 

Refrigeration Add/Change 

Refrigeration Other 

Customized Incentives Total 

Total 

10 I I I II lO 

53 23 76 

31 72 102 

153 153 

II 0 0 I 0 I 0 21s I 0 0 I 0 31 I 0 I 9s II 341 
II s 28 I 0 I 3 476 1 4 8  0 I 1 s9 t 3 I 442 II 1,066 



Commercial Refrigeration Gross Demand Impact Realization Rates 
By Business Type and Technology Group 

~ - ~  Business Type 

Program and Technology 
Retrofit Express Program 

Refrigeration Load Reduction 
Low Temperature Glass/Acrylic Door 

Heatless Door 

Cooler/Freezer Door Gaskets 

Auto Closer for Cooler/Freezer 

Medium Temperature Case w / D o o r  

Strip Curtains for Walk-in 

Low Temperature Case w / D o o r  

Night Covers for Display Cases 

Compressor Upgrades 
Mechanical Subcooler 

Mult iplex Compressor System 

Adjustable Speed Drive 

Floating Head Pressure Controls 

Condenser Upgrades 
Oversized Air-Cooled Condenser 

Oversized Evaporative Condenser 

Evaporator Upgrades 
Walk-in Cooler PSC Evaporator Motor 

Display PSC Evaporator Motor 

Other 

Anti-Sweat Heater Control 

Suction Line Insulation 

Display Case Electronic Ballast 

Non-Electric Condensate Evaporator 

Retrofit Express Total 

Gross Demand Im act Realization Rates 

IgitiggggHHitlglg'l 
. . . . .  1.98 . . . . . . .  1.98 

. . . . .  1.37 . . . . . . .  1.37 

- 1 2 . 4 6 l  - - 2.46 2.46 . . . . . .  2.46 

- [ 0 . 8 8  I _ - 0 . 8 8  0 . 8 8  - 0 . 8 8  . . . .  0 . 8 8  

1.39 ] 1.39 " - - 1.39 1.39 . . . . . .  1.39 

11.03] 11.03] - 11.03 11.03 11.03 - - 11.03 - - 11.03 11.03 

. . . . .  1.98 - - - 1.98 - - - 1.98 

0.43 

I NA 

. . . .  1.01 . . . . . . .  

- [ 0.64 

. . . .  2 .49 . . . . . . .  2 ~  

~A I NAI NA I NA I NA I NA I NAI NA I NA I NA I NA I ~A II NA 
1~7~1~'~'~1" ~ "  I 1"~1 - I  - I  - U ~ 9 1 -  I -  I -  II 1.79 
1.84 [ 1.84 

1[ 2.03 [ 1.25 [ 1.84 I 5"801 1.54 I 1.99 [ 1.84 I 1.35 [ 7.28 I 1.84 I 1.84 I 2.62 II 203 

Customized Incentives Program 
Compressor Upgrades 

Floating Head Pressure Controls / 

Booster Desuperheaters 

Condenser Upgrades 

Oversized Condensers - 0.82 

Other 

RefrigerationEMS [t . . . .  1.61 - - - [ - I - - I  0.72 II 1.17 

Refrigeration Add/Change I I I I - I  I I - I  8691- I -  I °5°11 070 
Refrigeration Other II . . . .  0.75 - - - I . . . .  I 0 7 5  

Customized lncentivesTotal I I - I  - I  " l " 1 0 ' 8 6 1  - I - I  - 1 8 ' 6 9 1  - I  - 1 0 . 5 4 1 1  0.80 
Total ] 2.03 1.25 1.84 5.80 1.02 1.99 1.84 1.35 8.23 1.84 1.84 1.06 



Commercial Refrigeration Net Demand Impact Realization Rates 
By Business Type and Technology Group 

~ - - - ~  Business Type 

Prosram and Technology 

Net Demand Impact Realization Rates 

i B 

- ' -  .c o ~ ~ .~ 

m 

e'E ~ 3 

Retrofit Express Program 
Refrigeration Load Reduction 

Low Temperature Glass/Acrylic Door 

Heatless Door 

Cooler/Freezer Door Gaskets 

Auto Closer for Cooler/Freezer 

Medium Temperature Case w/Door 

Strip Curtains for Walk-in 

Low Temperature Case w/Door 

Night Covers for Display Cases 

Compressor Upgrades 
Mechanical Subcooler 

Multiplex Compressor System 

Adjustable Speed Drive 

Floating Head Pressure Controls 

Condenser Upgrades 
Oversized Air-Cooled Condenser 

Oversized Evaporative Condenser 

Evaporator Upgrades 
Walk-in Cooler PSC Evaporator Motor 

Display PSC Evaporator Motor 

Other 
Anti-Sweat Heater Control 

Suction Line Insulation 

Display Case Electronic Ballast 

Non-Electric Condensate Evaporator 

Retrofit Express Total 

2.99 

2.08 

1.43 1.50 1.54 

1.03 1.14 1.03 

2.14 2.14 2.14 2.14 

14.77 14.77 14.77 14.77 t4.77 

3.04 

I 1.51 

0.65 

NA NA NA NA NA NA NA 

1.03 

14.77 

3.04 

NA NA 

14.77 

2.99 

2.08 

1.50 

1.09 

2.14 

14.77 

3.04 

1.51 

0.65 0.65 

NA NA NA NA 

] I I . . . .  1s3 
- 0.97 0.97 

I I T M  I 4 .17  - 4 .17  

3.77 i 3.77 
I 

NA NA ! NA NA NA NA NA NA NA NA NA NA ! NA 

2.70 2.70J 2.70 2.70 2.70 

1.91 1.85 1.85 1 . 8 5  1.97 1.96 1.98 1.94 2.08 1 . 8 5  1.94 2.12 1.96 

112.461 1.39 i 1.85 I 6.97 2.15 2.04 1.98 1.46 9.87 I 1 .85 1.94 3.601[ 2.69 

Customized Incentives Program 

Compressor Upgrades 
Floating Head Pressure Controls 

Booster Desuperheaters 

Condenser Upgrades 
Oversized Condensers 

Other 
Refrigeration EMS 

Refrigeration Add/Change 

Refrigeration Other 

Customized Incentives Total 
Total 

I I  . . . . . . .  I I 
I o.42 I I II 0.42 

0.83 0.37 0.60 

4.46 0.26 0.36 

0.38 0.38 

II I I °-441 4.461 I 0.28 II 0.41 
II 2.46 1.39 1 1.85 6.97 1 0.78 1 2.04 1.98 1.46 6.05 1 1.85 1.94 1 1.01 II 0.97 



Appendix F 
Summary of Gross Program Impacts by Costing Period 



F. SUMMARY OF GROSS PROGRAM IMPACTS BY COSTING PERIOD 

Ex post program gross demand and energy impacts are summarized by time-of-use (TOU) costing 
periods in Exhibit F-l, in order to support Pacific Gas and Electric Company's (PG&E's) cost- 
effectiveness calculations. The adjustment factors presented in Exhibit F-1 were obtained from 
Tables 3-7 and 3-8 of PG&E's Advice Filing 1978-G/1608-D, dated October 1, 1996. The gross 
demand and energy impacts by costing period reported in Exhibit F-1 are calculated by 
multiplying the program's ex post gross demand and energy impact by the corresponding 
adjustment factor. 

Quantum Consulting Inc. F- 1 Gross Program Impacts By Costing Period 



Exhibit F- I 
Ex Post Gross Demand and Energy Savings by Costing Period 

For Commercial Refrigeration Technologies 

PG&E Cost Period 

Summer On-Peak: 
May 1 to Oct. 31 
12:00 PM - 6:00 PM 
Weekdays 

Summer Partial Peak: 
May 1 to Oct. 31 
8:30 AM - 12:00 PM 
& 6:00 PM - 9:30 PM 
Weekdays 

Summer Off-Peak: 
May to Oct. 31 
9:30 PM - 8:30 AM 

Winter Partial Peak: 
Nov. 1 to April 31 
8:30 AM - 9:30 PM 
Weekdays 

Winter Off-Peak: 
Nov. 1 to April 31 
9:30 PM - 8:30 AM 
Other 

Program kW 
Savings 

Coincident 
with System 

Max in Period 

1,708 

1,161 

2,357 

1,264 

1,144 

Time-of-Use Impact 

kW 
Adjustment 

Factor 

1.00 

0.68 

1.38 

0.74 

0.67 

Distribution 

kWh Savings 

1,820,638 

1,638,574 

6,190,168 

2,548,893 

6,008,105 

kWh 
Adjustment 

Factor 

0.10 

0.09 

0.34 

0.14 

0.33 
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1995 Commerc ia l  EEl Programs, First Year Load Impact  Study 

Measurement  and Evaluation Study -- Request  for Retroactive Waiver 

PACIFIC GAS & ELECTRIC COMPANY 
REQUEST FOR RETROACTIVE WAIVER FOR 

1995 COMMERCIAL EEI RETROFIT PROGRAMS, 
REFRIGERATION END USE 

Program Background 
Pacific Gas & Electric Company (PG&E) fielded DSM programs to the Commercial sector 
(among others) during 1995. The primary purpose of  the 1995 Commercial Program (Programs) 
was to promote the installation of  energy efficient equipment retrofits. The Programs offered a 
variety o f  energy efficient refrigeration measures from prescriptive freezer curtains and doors to 
custom non- prescriptive refrigeration measures ~. The impact evaluation associated with this 
waiver is designed to assess the actual load impacts resulting from the refrigeration measures 
rebated during 19952 . 

Summary of PG&E Request 
This waiver requests two deviations from the Protocols 3 for PG&E's 1995 Commercial Sector 
Evaluation, refrigeration end use. PG&E seeks approval to: (1) use self-report analysis results to 
estimate net-to-gross effects if the regression model yields statistically insignificant results; and 
(2) specify the Designated Unit of  Measure (DUOM) for refrigeration. 

Proposed Waiver 
PG&E seeks CADMAC approval to: 

(1) Allow the use of self-report survey analysis results to estimate net-to-gross effects 
(adjusted for free-ridership and spillover) for measures where the regression-based end use load 
impact savings for refrigeration measure estimates are not significant at the 90 percent confidence 
level 4. PG&E will use the self-report method in addition to the Protocols-accepted method. We 
will compare and report the results of  both methods in the impact report, clearly indicating which 
method we choose to assess our actual net load impacts. 

PG&E will ask a series of  sequentially-ordered questions in the participant and nonparticipant 
telephone surveys to probe for customers' likely actions in the absence of the program. Several 
recent studies 5 have demonstrated the feasibility of  using an ordered set of  questions to determine 

For 1995, refrigeration measures were rebated under the 1994-95 Retrofit Express, the 1994-95 Retrofit 
Efficiency Options, and the 1993-94 Customized Incentive Programs. 

PG&E is claiming Shareholder Incentives in the amount of $1,907,739 for the Refrigeration end-use. 
This end-use represents approximately 6% of the commercial sector and 3% of the entire nonresidential 
sector. 
3 Protocols and Procedures for the Verification of Costs, Benefits, and Shareholder Earnings for Demand- 
Side Management Programs 
4 If the gross LIRM fails to identify significant results, the NTG LIRM is even less likely to yield 
statistically significant results. 
5 For example: Northeast Utilities Conservation and Load Management Department, Energy Action 
Program Report on 1994 Measure Installations Impact Evaluation - Final Report, June 1996, Prepared by 
RLW Analytics, Inc. and The Nicholas Group; New England Power Service Company, 1995 Commercial 
Industrial Free Rider Study, July 1996, Prepared by Hagler Bailly Consulting, Inc.; and Baltimore Gas 
and Electric Company, Evaluation of the Commercial Efficient HVAC Rebate Program, June 1996, 
Prepared by Quantum Consulting, Inc. All of these studies discuss the use of self reports to estimate free- 
ridership. In addition, last year's PG&E 1994 Commercial HVAC Impact Evaluation; (Report #CIA-96- 
SB01, CEC#312) March 1996; Prepared by SBW Consulting and Ridge & Associates also discussed 
methodologies for self report analysis of NTG ratios. 
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1995 Commercial  EEl Programs, First Year Load Impact  Study 

Measurement and Evaluation Study -- Request for Retroactive Waiver 

probable customer activity. Our goal is to remove as much subjectivity from the scoring as 
possible in order to approximate a quantifiable estimate of net-to-gross effects. Tabulated results 
will be used to present point and interval estimates of free ridership. 

Parameters and Protocol Requirements 
The Protocols Table 5 defines net load impacts as the difference between the participant load 
impacts and the comparison group load impacts. Table C-4 for Commercial end uses states that 
the End Use Consumption or Load Impact Model will be either a LIRM or CE model. Both 
models require statistical based modeling. 

Rationale 
Commercial refrigeration is a small end use (598 unique participants) where much of the impact 
comes from custom measures (84% from 54 participants). It cannot support the large samples 
needed for multivariate modeling approaches. The low levels of  participation together with the 
diversity of  measures increases the statistical "'noise" in the LIRMs to a point where gross 
impacts are anticipated to be statistically undetectable. 

Furthermore, PG&E's commercial customers are constantly surveyed. While it would be 
hypothetically possible to do a canvass survey to identify nonparticipants that installed program 
qualifying measures outside of the program, such a survey of the nonparticipant population for 
this small end use would place an unreasonable burden on PG&E customers and could adversely 
affect customer relations. 

(2) Use the DUOM of"load impact per project" for the refrigeration end use. 

Parameters and Protocol Requirements 
Table C-6 does not specify a DUOM for refrigeration measures since refrigeration was not 
specified as an end use. 

Rationale 
No DUOM has been designated for refrigeration in Table C-4 of the Protocols because 
refrigeration was not included as an end use. The use of  the "load impact per project" DUOM is 
the same DUOM used for the Gas Cooking end use in Table C-4. In addition, the PG&E tracking 
system tracks the measure installation on a per project basis, where per project represents all 
refrigeration measures per customer per application. 

Although the DUOM is on a "per project (per customer per application)" basis, our analysis will 
capture the diversity of  program participation by stratifying the sample by size of  expected 
savings. Per unit savings derived from each strata will be reconstructed in the final analysis to get 
an estimate of overall savings. 

Conclusion 
PG&E is seeking a retroactive waiver to clearly define, in advance, acceptable methods for 
performing the 1995 Commercial refrigeration impact evaluation. Recommendations in this 
waiver are designed to maximize the quality and value of evaluation results. The proposed 
waiver allowing the use of self-report analysis reflects a realization that commercial sector 
refrigeration variability and sample sizes do not support other proposed approaches. The waiver 
concerning the refrigeration end use DUOM attempts to supply a useful unit for comparison 
where none exists in the Protocols. 
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H. PROTOCOL TABLES 6 AND 7 

1995 COMMERCIAL ENERGY EFFICIENCY INCENTIVES PROGRAM 
EVALUATION OF REFRIG ERA TION TECHNOLOGIES 

PG&E STUDY ID #330 

This Appendix presents Tables 6 and 7 for the above referenced study as required under the 
"Protocols and Procedures for the Verification of Cost, Benefits, and Shareholder Earnings from 
Demand Side Management Programs" (the Protocols), as adopted by the California Public Utility 
Commission (CPUC) Decision 93-05-063, Revised January 1996 Pursuant to Decisions 94-05- 
063, 94-10-059, 94-12-021, and 95-12-054. 

Table 6 Assumptions 

In some instances, interpretation of the Protocols allows for a variety of results to be presented. For 
the refrigeration technologies, the interpretation of these terms are: 

• Items 1.A, 1.B, 2.C, 3.C: The change model of estimates did not require an evaluation of 
base usage for these technologies. 

Item 2.B: The per-unit gross and net impacts required by the Protocols specify a constant 
term in the denominator. This value was taken directly from Table E-3 of the Technical 
Appendix of the Annual Summary Report on Demand Side Management Programs in 
1995 and 1996, revised in December 1996. 

Items 6 and 7: The number of measures reported are the purchased number in the MDSS. 
As such, they reflect a variety of units of measure, including square feet, horsepower, tons, 
linear feet, lamps, total heat rejected, gaskets, etc. 

The Table 7 synopsis of analytical methods applied follows Items 1 through 7 of Protocol Table 6. 

During the process of obtaining approval for the Request for Waiver, a Draft Request for Waiver 
proposed reverting to calibrated engineering estimates of impact if the SAE billing regression 
analysis resulted in statistically insignificant SAE coefficients. In addition, in this Draft Request for 
Waiver, it was proposed to present two Table 6 exhibits, one based on calibrated engineering 
estimates, and another based on SAE adjusted estimates of impact. Although this Draft Request for 
Waiver was not approved, and even though the SAE analysis resulted in statistically significant SAE 
coefficients, a second Table 6 is provided for Items 1 through 5 (items 6 and 7 do not change) 
based on calibrated engineering estimates for impact. This second Table 6 is referenced as Table 
6-2 below. 
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Protocol Table 6 
Items 1-5 

PG&E Refrigeration Study ID #330 

Table Item 
Item 

Number 

1 .A't" 

1 .Bt 

2.A 

2.B 

2 .Ct 

2 D  

3.A 

3.B 

3.Ct 

Description 
Pre-installation usage, Base usage, and Base usage per designated 
unit* of measurement. 
Impact Year usage, Impact year usage per designated unit* of 
measurement. 
Gross Peak kW (Demand) Impacts 
Gross kWh (Energy) Impacts 
Gross thin (Therm) Impacts 
Net Peak kw (Demand) Impacts 
Net kWh (Energy) Impacts 
Net thm (Therm) Impacts 
Per designated unit* Gross Demand Impacts 
Per designated unit* Gross Energy Impacts 
Per designated unit Gross Therm¥ Impacts 
Per designated unit* Net Demand Impacts 
Per designated unit* Net Energy Impacts 
Per designated unit Net Therm¥ Impacts 
Percent change in usage (relative to base usage) of the participant 
group and comparison group. 
Gross Demand Realization Rate 
Gross Energy Realization Rate 
Gross Therm¥ Realization Rate 
Net Demand Realization Rate 
Net Energy Realization Rate 
Net Therm¥ Realization Rate 
Net-to-Gross ratio based on Avg. Load Impacts 
Net-to-Gross ratio based on Avg. Load Impacts per designated 
unit* of measurement. 
Net-to-Gross ratio based on Avg. Load Impacts as a percent 
change from base usage 

t The change model estimates of impact did not require an evaluation of base usage 
¥ There were no estimated therm impacts for this end use. 
* The per designated unit used was refrigeration measures installed. 

Shaded cells were not evaluated because per designated unit calculations did not use these eslimates. 

Relative Precision 
90% 80% 

Estimate Confidence Confidence 

N/A N/A N/A 

N/A N/A N/A 

1,708 76% 59% 
18,206,378 65% 51% 

N/A N/A N/A 
1,066 77% 6O% 

9,253,545 66% 52% 
N/A N/A N/A 
2.41 76% 59% 

25,643 65% 51% 
N/A N/A N/A 
1.50 77% 60% 

13,033 66% 52% 
N/A N/A N/A 

N/A N/A N/A 

1.13 76% 59% 
0.81 65% 51% 
N/A N/A N/A 
0.97 77% 60% 
0.56 66% 52% 
N/A N/A N/A 
0.51 10% 8% 

0.51 10% 8% 

N/A N/A N/A 
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Protocol Table 6-2 
Based on Calibrated Engineering Estimates 

Items I-5 
PG&E Refri#eration Study ID #330 

i 

Table Item 
Item 

Number 

1 .A+ 

1 .B't 

2.A 

2.B 

2.C+ 

3.A 

3.B 

3.Cf 

4.A 

4.B 

Description 
Pre-installation usage, Base usage, and Base usage per designated 
unit* of measurement. 
Impact Year usage, Impact year usage per designated unit* of 
measurement. 
Gross Peak kW (Demand) Impacts 
Gross kWh (Energy) Impacts 
Gross thin (Therm) Impacts 
Net Peak kw (Demand) Impacts 
Net kwh (Energy) Impacts 
Net thm @herm) Impacts 
Per designated unit* Gross Demand Impacts 
Per designated unit* Gross Energy Impacts 
Per designated unit Gross Therm¥ Impacts 
Per designated unit* Net Demand Impacts 
Per designated unit* Net Energy Impacts 
Per designated unit Net Therm¥ Impacts 
Percent change in usage (relative to base usage) of the participant 
group and comparison Izroup. 
Gross Demand Realization Rate 
Gross Energy Realization Rate 
Gross Therm¥ Realization Rate 
Net Demand Realization Rate 
Net Energy Realization Rate 
Net Therm¥ Realization Rate 
Net-to-Gross ratio based on Avg. Load Impacts 
Net-to-Gross ratio based on Avg. Load Impacts per designated 
unit* of measurement. 

Relative Precision 
90% 80% 

Estimate Confidence Confidence 

N/A N/A N/A 

N/A N/A 

1,708 76% 
26,771,911 76% 

N/A N/A 
1,066 77% 

14,576,640 77% 
N/A N/A 

N/A 

59% 
59% 
N/A 
60°1o 
6O% 
N/A 

2.41 76% 59% 
37,707 76% 59% 

N/A N/A N/A 
1.50 77% 60% 

20,530 77% 60% 
N/A N/A N/A 

~ A  N~ N~ 

1.13 76% 59% 
1.18 76% 59% 
N/A N/A N/A 
0.97 77% 60% 
0.88 77% 60% 
N/A N/A N/A 
0.54 10% 8% 

0.54 10% 8% 

Net-to-Gross ratio based on Avg. Load Impacts as a percent 
change from base usage 

't The change model estimates of impact did not require an evaluation of base usage 
¥ There were no estimated therm Impacts for this end use. 
* The per designated unit used was refrigeration measures installed. 

m Shadecl cells were not evaluated because per designated unit calculations did not use these estimates. 

N/A N/A N/A 
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I tem 6: 
Protocol Table 6 

Refrigeration Measure Count Data 
PG&E Study ID  #330 

Prow'am and Technolo~ Group Description 
Retrofit Express Program 

Refriseratlon Load Reduction 
Low Temperature Glass/Acrylic Door 
Heatless Door 
Cooler/Freezer Door Gaskets 
Auto Closer for Cooler/Freezer 
Medium Temperature Case w/Door 
Strip Curtains for Walk-in 
Low Temperature Case w/Door 
Night Covers for Display Cases 

Compressor Upgrades 
Mechanical Subcooler 
Multiplex Compressor System 
Adjustable Speed Driver 
Floating Head Pressure Controls 

Condenser Upgrades 
Oversized Air-Cooled Condenser 
Oversized Evaporative Condenser 

Evaporator Upgrades 
Walk-in Cooler PSC Evaporator Motor 
Display PSC Evaporator Motor 

Other 
Anti-Sweat Heater Control 
Suction Line Insulation 
Display Case Electronic Ballast 
Non-Electric Condensate Evaporator 

Total for Retrofit Express: 
Customized Incentives Program 

Compressor Upgrades 
Floating Head Pressure Controls 
Booster Desuperheaters 

Condenser Upgrades 
Oversized Condensers 

Other 
Refrigeration EMS 
Refrigeration Add/Change 
Refrigeration Other 

Total for Customized Incentives: 
TOTAL: 

All Participants 
(Item 6.e) 

Participant Sample 
(Item 6.A) 

Comparison Group 
(item 6.C) 

60 
214 
140 
68 

554 
8,938 
490 

3,375 

18 
149 
15 

1,898 

45 
4,043 

4 
286 

133 
4,660 
1,608 
430 

27t127 

0 
140 
102 
26 

210 
3,645 
257 

1,412 

2 
10 
15 

45 
1,756 

238 

133 
1,152 
258 
227 
9t627 

0 
32 
7 
7 

33 
0 
1 
0 

0 
0 
2 

500 

0 
6 

0 
0 

0 
2,000 
0 
0 

2t588 

1 
1 

1 

18 
4 
39 
64 

27t191 
13 

9t640 
0 

2t588 
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Item 7.A: 
Protocol Table 6 

Refrigeration Market Segment Data 
by Business Type 

PG&E Study ID # 330 

TOTAL: 

Business Type 
Office 
Retail 
CollUniv 
School 
Grocery 
Restaurant 
Health Care/Hospital 
Hotel/Motel 
Warehouse 
Personal Service 
Community Service 
Misc. Commercial 

Refrigeration 
# of Part. 

14 
75 
3 
4 

239 
208 

2 
6 
11 
I 

18 
17 

i i  

598 

% of Part. 
2% 
13% 
I% 
I% 

40% 
35% 
0% 
I% 
2% 
0% 
3% 
3% 

i 

1013% 
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Item 7.B: 
Protocol Table 6 

Refrigeration Market Segment Data 
by 3-Digit SIC Code 

PG&E Study ID # 330 

Industry (3-Digit SIC Code) 

581 
541 
554 
546 
866 
422 
549 
592 
652 
701 
072 
514 
594 
821 
542 
543 
832 
799 
805 
829 
864 
498 
504 
518 
519 
531 
533 
553 
562 
571 
599 
65O 
752 
782 
783 
784 
824 
835 
002 
074 
075 
076 
078 
411 
413 
415 

Refrigeration 
# of Part. 

2O8 
186 
63 
26 
13 
12 
11 
10 
10 
6 
5 
5 
5 
4 
3 
3 
3 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
t 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 

% of Part. 

35% 
31% 
11% 
4% 
2% 
2% 
2% 
2% 
2% 
1% 
1% 
1% 
1% 
1% 
1% 
1% 
1% 
0% 
0% 
0% 
0% 
0% 
O% 
0% 
0% 
0% 
O% 
O% 
O% 
0% 
0% 
0% 
O% 
0% 
O% 
O% 
O% 
O% 
O% 
0% 
0% 
0% 
0% 
0% 
0% 
O% 
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Item 7.B: 
Protocol Table 6 

Refrigeration Market Segment Data 
by 3-Digit SIC Code 

PG&E Study ID # 330 
Refrigeration 

Industry (3-Diffit SIC Code) # of Part. % of Part. 
417 0 0% 
421 0 0% 
423 0 0% 
431 0 0% 
449 0 0% 
451 0 0% 
458 0 0% 
472 0 0% 
473 0 0% 
478 0 0% 
481 0 0% 
483 0 0% 
484 0 0% 
492 0 0% 
493 0 0% 
495 0 0% 
501 0 0% 
502 0 0% 
503 0 0% 
505 0 0% 
506 0 0% 
507 0 0% 
508 0 0% 
509 0 0% 
511 0 0% 
512 0 0% 
516 0 O% 
517 0 0% 
521 0 0% 
523 0 0% 
525 0 0% 
526 0 0% 
539 0 0% 
540 0 0% 
544 0 0% 
551 0 0% 
552 0 0% 
555 0 0% 
556 0 0% 
557 0 0% 
559 0 0% 
560 0 0% 
561 0 0% 
563 0 0% 
564 0 0% 
565 0 O% 
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Item 7.B: 
Protocol Table 6 

Refrigeration Market Segment Data 
by 3-Digit SIC Code 

PG&E Study ID # 330 

Industry (3-Digit SIC Code) 
566 
569 
572 
573 
591 
593 
596 
598 
602 
603 
606 
609 
614 
615 
616 
621 
631 
632 
633 
636 
641 
651 
653 
655 
662 
672 
702 
703 
704 
721 
722 
723 
724 
725 
726 
729 
731 
732 
733 
734 
735 
736 
737 
738 
751 
753 

Refrigeration 
# of Part. % of Part. 

0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 O% 
0 O% 
0 0% 
0 0% 
0 0% 
0 0% 
0 O% 
0 0% 
0 0% 
0 0% 
0 O% 
0 O% 
0 O% 
0 O% 
0 O% 
0 O% 
0 O% 
0 O% 
0 O% 
0 O% 
0 0% 
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Item 7.B: 
Protocol Table 6 

Refrigeration Market Segment Data 
by 3-Digit SIC Code 

PG&E Study ID # 330 

Industry (3-Diffit SIC Code) 
754 
762 
769 
781 
791 
792 
793 
794 
801 
802 
804 
806 
807 
808 
809 
811 
822 
823 
83O 
833 
836 
839 
841 
842 
861 
862 
863 
869 
871 
872 
873 
874 
913 
919 
921 
922 
931 
94t 
943 
944 
951 
953 
962 
964 
971 

Refrigeration 
# of Part. % of Part. 

0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 O% 
0 0% 
0 0% 
0 O% 
0 0% 
0 O% 
0 O% 
0 0% 
0 O% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 0% 
0 O% 
0 O% 
0 0% 
0 0% 
0 0% 
0 O% 
0 O% 
0 0% 
0 0% 
0 O% 
0 O% 
0 0% 
0 0% 

TOTAL: 598 100% 
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PROTOCOL TABLE 7 

1995 COMMERCIAL ENERGY EFFICIENCY INCENTIVES PROGRAM 
EVA L UA TION OF REFRIGERATION TECHNOLOGIES 

PG&E STUDY ID #330 

The purpose of this section is to provide the documentation for data quality and processing as 
required in Table 7 of the California Public Utility Commission (CPUC) Evaluation and 
Measurement Protocols (the Protocols). Although other important considerations are addressed 
throughout this section, major topics are organized and presented in the same order as they are 
listed in Table 7 for ease of reference and review. When responses to the items are discussed in 
detail elsewhere in the report, only a brief summary will be given in this section to avoid 
redundancy. 

A. OVERVIEW INFORMATION 

1. Study Title and Study ID Number 

Study Title: Evaluation of PG&E's 1995 Nonresidential Energy Efficiency Incentives (EEl) 
Program for Commercial Sector Refrigeration Technologies. 

Study ID Number: 330 

2. Program, Program Year and Program Description 

Program: PG&E Nonresidential EEl Program, Commercial Sector. 

Program Year: Rebates Received in the 1995 Calendar Year. 

Program Description: 

The Nonresidential EEl Program offered by PG&E has two components: the Retrofit Express (RE) 
Program and the Customized Incentive Program. 

The RE Program offers fixed rebates to PG&E's customers that install specific gas or electric energy- 
efficient equipment in their facilities. The RE Program covers most common energy-saving 
measures: lighting, air conditioning, refrigeration/food service, and motors. To receive a rebate, the 
customer is required to submit proof of purchase along with the application. This Program is 
primarily marketed to small and medium commercial, industrial, and agricultural customers. The 
maximum total rebate amount of the RE Program is $300,000 per account. This includes 
participation in any combination of the lighting, air conditioning, refrigeration/food service, and 
motor program options. 

The Customized Incentives Program offers financial incentives to customers who undertake large 
or complex projects that save gas or electricity. These customers must submit calculations for the 
projected first year energy savings, along with an application, prior to the start of the customers' 
installation of high-efficiency equipment. The maximum total incentive amount for the 
Customized Program is $500,000 per account. The minimum qualifying incentive amount is 
$2,500 per project. 
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3. End Uses and~or Measures Covered 

End Use Covered: Refrigeration Technologies. 

Measures Covered: For the list of RE and Customized Incentives Program measures covered in 
this evaluation, refer to the report Sections 2.1 and 2.2, and more 
specifically in Exhibit 4-1. The measure classification provided is consistent 
with PG&E program tracking recrods strored in the Management Decision 
Support System (MDSS). 

4. Methods and Models Used 

The PG&E Commercial Refrigeration Technologies consisted of three key analysis components: 
engineering analysis, billing data regression analysis, and net-to-gross analysis. This integrated 
approach reduces a complicated problem to manageable components, while incorporating the 
comparative advantages of each analysis method. This approach describes per-unit net impacts as 
follows: 

Net Impact = (Gross Impact) x 
(SAE Realization Rate) x (Net-to-Gross) 

Gross impact -- The gross impact estiamtes were modeled using distinct approaches for the RE 
and Customized Incentives Programs. However, both approaches yielded energy impacts based 
on an entire year of refrigeration end-use consumption, and a separate demand impact that 
represents end-use consumption during the summer on-peak period. 

RE impacts were estimated based on a review and subsequent revisions to the engineering 
algorithms used by PG&E to develop ex ante impacts (algorithms were taken from the 1995 
Advice Filing1). A detailed discussion of the RE gross impact approach is provided in the Section 
3.2.2, and presentation of each measure-specific algorithm assessment is found in Appendix B, 
Section B.5. 

Customized Incentives impacts were estimated based on a thorough review and subsequent 
update of each refrigeration application that was submitted and paid in 1995. A detailed 
discussion of the Customized Incentives gross impact approach is provided in the Section 3.2.3, 
and presentation of each application-specific assessment is found in Appendix B, Sections B.4 
and B. 6. 

SAE Realization Rates - The SAE Realization Rates were estimated based on a Statistically 
Adjusted Engineering (SAE) analysis using cross-sectional time series data and incorporating prior 
engineering estimates. As a result, the SAE realization rates could be defined as the percentage of a 
savings estimate that is detected or realized in the statistical analysis of actual changes in energy 
usage. The SAE realization rates were then applied to an impact estimate based upon the program 
baseline, equipment purchased under the program, and typical weather. A detailed discussion of 
the final SAE model specification can be found in Section 3.3. 

Net-to-Gross - The net-to-gross (NTG) ratio adjusts the program baseline, derived using estimates 
of free-ridership and spillover (associated with the program). The refrigeration end-use NTG 

1 PG&E 1995 Customer Energy Efficiency Programs Advice Letter No. 1 867-G/1481-E, filed October 1994. 
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ratio's were calculated based on survey self-report using a representative nonparticipant sample to 
account for naturally occurring conservation. The NTG analysis approach is presented in detail in 
Section-3.4, and a thorough discussion surrounding the methods used to score those results is 
provided in Appendix D. 

5. Participant and Comparison Group Definition 

Participant 

Participants are defined as those PG&E commercial customers who received PG&E rebates in the 
1995 calendar year for installing at least one refrigeration measure under the Nonresidential EEl 
Program. 

Comparison Group 

The comparison group for this study is defined as a group of PG&E commercial customers who 
did not receive any refrigeration end-use rebates in the 1995 calendar year under the 
Nonresidential EEl Program, and who share as many characteristics as possible with the 
commercial sector participant group in terms of annual usage and business type distribution. 
Customers who participated in the previous years or those who simply participated by installing a 
non-refrigeration end-use measure, are eligible for the comparison group. 

6. Analysis Sample Size 

The final analysis dataset has 2,025 observations based upon 2,025 telephone survey completes 
(of which 241 were refrigeration end-use participants, and the remaining 1,784 served as a 
comparison group for that sample). In addition, 18 on-site audits were conducted at refrigeration 
end-use participant sites, 13 of which were conducted at Customized Incentives sites (for use in 
application review/analysis). The distribution of the sample by business type and technology is 
presented in Appendix A. 

B. DATABASE MANAGEMENT 

1. Data Description and Flow Chart 

The Evaluation of PG&E Commercial Refrigeration Technologies was based on a telephone survey 
sample dataset, that was derived using a census to achieve a representative customer profile. On- 
site audit data were collected primarily within the Customized Incentives Program, providing a 
basis for revisions to the application-based estimates of savings. 

All data elements mentioned above were linked to the final analysis database through the unique 
customer identifier -- the evaluation 'site_id' variable. For this evaluation, the analysis database 
served as a centralized tracking system for each customers' billing history, program participation, 
and sampling status, which helped to reduce data problems such as account mis-match, double 
counting, or repeated customer contacts. Exhibit A illustrates how each key data element was 
used to create the final analysis database for the Evaluation. 

2. Key Data Elements and Sources 

A complete list of data elements and their sources can be found in Section 3. I. 1 and Appendix C 
The key analysis data elements and their sources are listed below: 

Program Participant Tracking System. The participant tracking system for the RE and Customized 
Incentives programs was maintained as part of the PG&E MDSS. It contains program application, 
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rebate, and technical information about installed measures, including measure description, 
quantity, rebate amount, and ex ante demand, energy, and therm saving estimates. 

PG&E Billing Data. Initially, the PG&E billing data were obtained from two PG&E data sources. 
The original nonresidential billing dataset contains monthly energy usage for all nonresidential 
accounts in PG&E's service territory, and was used in the sample design as described in Appendix 
A. The billing histories contained in this database only run through September 1995. 

The second billing dataset, which consists only of customer accounts in the surveyed dataset, was 
later obtained from PG&E's Load Data Services. 2 This billing dataset contains bill readings that run 
through September 1996, and was therefore used in the billing regression analysis. In addition, 
the billing series from this database is the PG&E pro-rated monthly usage data, a series calculated 
by PG&E for each calendar month, from January 1992 to September 1996. 

Telephone Survey Data. Two telephone survey samples (241 participants and 1,784 comparison 
group customers) were collected as part of this evaluation. They were designed to be 
representative of the population of each business type. The telephone survey supplies information 
on customer decision-making, equipment operating characteristics, equipment stocks, and energy- 
related changes at each site for the billing period covered by the statistical billing analysis. 

On-Site Audit Data. On-site audit data were specifically collected (as part of the refrigeration end- 
use evaluation) for the Customized Incentives participant group only. This sample contributes site- 
specific equipment details, and better estimates of operating schedules and equipment profiles 
(than are provided in the application records). There were a total of 18 participant on-site audits 
conducted for this refrigeration end-use evaluation, 13 of which were used to evaluate 
Customized Incentives applications. 

Weather Data. The hourly dry bulb temperature collected for 25 PG&E load research weather 
sites is used in the billing regression analysis to calculate total monthly cooling and heating degree 
days for each month in the analysis period. For each customer in the analysis dataset, the 
appropriate weather site is linked to that customer by using the PG&E-defined weather site to 
PG&E's local office mapping. 

Other data elements include PG&E program marketing data, PG&E internal SIC code 
mapping/segmentation scheme, program procedural manuals and other industry standard data 
sources. 

3. Data Attrition Process 

All data elements mentioned above were first validated and then merged together to form the final 
analysis dataset. Records with out-of-range or questionable data were either deleted or flagged to 
ensure that only those records with sufficient data, both in terms of data quality and 
representativeness, were used in the analysis. The key data attrition decisions are summarized in 
Appendix C, Section 5. 

4. Internal Data Quality Procedures 

The Evaluation contractor for this project, Quantum Consulting Inc. (QC), has performed extensive 
data quality control on all categories of program data, including utility billing data, program 

2 A preliminary analysis has concluded that the monthly usage and bill read date information in these two datasets 
is con sistent. 
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tracking data, telephone survey data, and on-site audit data. QC's data quality procedures are 
consistent with PG&E's internal database guidelines and the guidelines established in the 
Protocols. 

Exhibit A 
Analysis Database Development 
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Throughout the course of sample design and creation, survey data collection, and data analysis, 
several data quality assurance procedures were in place to insure that all energy usage data used 
in analysis and all telephone survey data collected was of high quality and would prove useful in 
later analysis. The stages of data validation undertaken and the methods employed are detailed 
below: 

Pre-Survey Usage and Account Characteristic Data Validation. The goal of this stage of data 
validation was to screen out customers who had unreasonable or unreliable usage data, or who 
had changes in key elements of their billing data over the 1992 to 1995 period. Accounts for 
which changes were observed in account numbers, service addresses, SIC codes, electric rate 
schedules, electric meter numbers, or corporation and premise identification variables, were 
excluded from sample eligibility. Usage data reliability screening first eliminated from sample 
accounts which experienced service interruptions, exhibited inconsistent read dates, or for which 
bills were estimated. Additionally, based on comparisons of account usage between years, and 
between different months in the same year, customers with unusual usage patterns such as 
unusually high variation in monthly or yearly usage were given special attention and, in some 
cases, excluded from the sample frame. A more detailed discussion of the steps undertaken in the 
pre-survey usage and account characteristics data validation, is provided in the discussion of 
survey sample creation in Appendix A. 

Real Time Survey Data Validation. Survey data collection was performed using QC's 24 station 
Computer Aided Telephone Interviewing (CATI) center. Data entry applications, programmed 
using SAS/AF software, employed logical branching routines and real-time data validation 
procedures to insure that survey questions were appropriate for each customer's situation and that 
recorded responses were reasonable and logical. Data entry applications also performed real time 
range checks and field protection for out of range values during the data collection process 
thereby affording an additional means of ongoing data validation. Finally, because SAS/AF was 
used to program the data collection software, the survey data was on-line in the form of a SAS 
dataset continuously throughout the course of data collection. This allowed for the generation of 
frequency distributions and cross-tabs on data at regular stages throughout the survey fielding to 
facilitate QC's internal early detection and correction of data entry errors. 

Final Survey Data Validation. Following the completion of survey data collection, all data was 
subjected to a final stage of validation and cleaning during which illogical responses were 
identified and corrected or flagged, and corrections were made to any mis-coding of data not 
detected in earlier stages of cleaning and validation. All activities undertaken in the course of 
survey were documented in accordance with QC's Enumerated Quality Assurance Logs and 
Standards (EQUALS)survey data collection documentation protocols. 

5. Unused Data Elements 

Without exception, all data collected specifically for the Evaluation were utilized in the analysis. 

C. SAMPLING 

1. Sampling Procedures and Protocols 

The sample design for the Commercial Refrigeration Evaluation was based upon analysis of 1995 
program participation data and PG&E billing data. The goal of the sample design was to achieve 
the most efficient utilization of project resources in order to estimate the first-year gross and net 
impacts in a manner that met the sample size and evaluation accuracy requirements defined by the 
Protocols. 
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The telephone survey sample was selected based upon a census of the program participants, 
while the comparison group was drawn in a stratified fashion, in an attempt to achieve a customer 
profile similar to the participant sample. For example, the comparison group sample frame 
included business types and usage strata that were similar to the participant population. 

The customer segment is defined primarily by the business types, which were determined based 
upon the MDSS database (for participants), and the Second Standard Industrial Classification (SIC2) 
code--which represents building activity--from the billing dataset (for the comparison group). 
Within each business type, the annual energy consumption is used as a proxy to group customers 
into usage bins, and sample points are selected to reflect the underlying distribution of the 
participant population. 

The sampling unit for both participant and comparison groups was defined as customer premise. 
A premise is defined as all billing accounts that correspond to the same location and customer. 
The final participant sample frame consists of 2,560 premises drawn from the eligible population 
of 5,694 program participants who were paid in 1995 from both the RE and Customized 
Incentives programs. 

The comparison group sample frame consists of 4,153 customers drawn from the eligible 
population of 172,354 commercial customers that satisfied all of the screening criteria used in 
construction of the sample frame. In drawing the sample frame, targets are established for each 
business type and usage segment, so that the sample frame distribution, by business type and 
usage segment, is the same as that of the participant population. 

The process of reduction to the eligible sample involved the elimination of customers that had 1) 
moved during the period of interest; or 2) had billing records with significant missing data. 
Customers were further screened to identify those who had high-quality data for each month, for 
all three years of the analysis window. 

Finally, the achieved samples and their distributions can be found in Appendix A. Based on the 
total energy usage, the samples relative precision was estimated to be 6 percent at the 90 percent 
level. The procedures used in the relative precision calculation and a summary of how the 
Evaluation sample design meets the Protocols' requirement in terms of sample size and relative 
precision are presented in Appendix A. 

2. Survey Information 

Telephone survey instruments are presented in the Survey Appendix, Section S- 1 (for participants) 
and Section S-2 (for comparison group customers). Participant and comparison group customer's 
survey response frequencies are presented in Section S-9. Finally, reasons for refusals are 
presented in Section S- 10. 

3. Statistical Descriptions 

As mentioned above, a complete set of participant and comparison group customer response 
frequencies are presented in Survey Appendix S-9. In addition, statistics on usage and engineering 
impact variables that were used in the billing data regression models are also presented in 
Appendix C. 

D. DATA SCREENING A N D  ANALYSIS 

A detailed discussion of the billing data regression data analysis is presented in Appendix C. The 
statistical billing mode[ described in this section incorporates analysis for three distinct end uses, 

Quantum Consulting Inc. H- 16 Protocol Tables 6 & 7 



lighting, HVAC and refrigeration (for Study ID's 324, 326 and 330, respectively). Specific 
procedures and modeling issues are discussed below. 

1. Outliers, Missing Data and Weather Adjustment 

Three types of data censoring screens were applied to the billing analysis sample frame to remove 
customers that have invalid billing data, that may not have had their bill properly aggregated to the 
Site ID level, or that were extremely large users. 

Invalid Usage 

For customers to be included in the final billing analysis, customers had to have billing data that 
met the following three criteria. 

The pre- and post-installation annual bills had to have been comprised of at least six non-zero 
monthly bills. If there were seven or more monthly bills with zero energy, the customer was 
removed from the analysis. If there were between one and six monthly bills with zero energy, the 
remaining months were prorated to an annual estimate. 

The pre-installation annual bill could not be more than three times or less than one third of the 
post-installation bill. If this occurred, the customer was removed from the analysis. 

The pre-installation annual bill could not be more than twice or less than one half the post- 
installation bill, unless the telephone survey responses indicated that the customer had a change at 
the site that may have caused an increase or decrease in usage, respectively. For example, if a 
customer doubled their usage and reported an increase in square footage, or an increase in 
employees, or an additional measure installed, the customer remained in the sample. However, if 
the customer reported no changes, or only changes that would indicate a decrease in usage, such 
as a removal of a measure, then the customer was removed from the analysis. 

Appendix C presents the number of participants and nonparticipants that were deleted for each of 
the above criteria. Note that only 22 nonparticipants were deleted, whereas 123 participants were 
deleted. This is due to the fact that the nonparticipants were pre-screened to have relatively valid 
billing data prior to being selected into the nonparticipant survey sample frame. The participants, 
however, were often a census and no pre-screening was done on their billing data prior to being 
selected into the participant survey sample frame. Of the 123 participants, 87 were deleted due to 
the zero bill criteria. 

Large Customers 

Customers whose annual post-installation energy consumption exceeded three million kWh were 
excluded from the billing analysis. Customers of this size were deleted for a number of reasons. 
First, there were 98 participants dropped for this reason, compared to only 10 nonparticipants. 
This indicated that the nonparticipants would not provide a good control for this group of 
participants. Very large customers are more likely to participate because they are more aware of 
the program, since they have more contact with PG&E representatives. Therefore, it is difficult to 
find a sample of nonparticipants that adequately represents these customers. 

Large customers installing measures that provide relatively low levels of savings are particularly 
problematic in billing analyses of this type. It is very difficult to detect an annual impact even as 
large as 10,000 kWh in a customer's bill which exceeds 10 million kWh, for example. In addition, 
large customers are more likely to have made changes at the site, which could significantly affect 
their energy usage. If the model does not adequately capture all of these changes (possibly due to 
the unique nature of the change, or an error in the self-reported survey responses) it is likely that 
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the coefficient on the program energy impact may reflect the change. While this is true of all 
customers, regardless of size, it is more of a concern for larger customers because the magnitude of 
their changes can have significant influence over the results of the model. 

Aggregation to Site ID Level 

As mentioned above, one concern with aggregating to the Site ID level is that there may be control 
numbers associated with a different premise number, service address, or corporation number that 
are in the same physical site and are being affected by the installed measures. If this is the case, the 
billing analysis will have the effect of underestimating the impacts. Therefore, a comparison was 
made between the engineering energy impact and the pre- and post-installation bills to identify 
any customers where this problem of bill aggregation may exist. 

There were 148 participants that were identified as having total Commercial Sector Program 
energy impacts that were either more than 50 percent of their pre-installation usage or more than 
100 percent of their post-installation usage. These 148 participants were further analyzed to 
determine whether the impact was large relative to usage because of a problem in aggregating the 
bill, or if the engineering estimates were just over-estimated, in which case the customer would not 
be removed from the billing analysis. 

Three criteria were used to determine if there was a problem with aggregating the bill for these 148 
participants. If a participant failed any of these criteria, the customer was removed from the 
analysis on the basis that the bills were not properly aggregated and the entire impact would not 
be detected in an analysis of the customer's billing data. 

If the customer's annual kWh per square foot was in the bottom tenth percentile of all participants, 
the customer was removed. 

If the customer's annual kWh per employee was in the bottom tenth percentile of all participants, 
the customer was removed. 

The first billing data pull, which consisted of every nonresidential customer in PG&E's service 
territory over the period of January 1992 to September 1995, was compared to the second data 
pull, which is being used for the billing analysis. Customer bills from the first billing data pull were 
aggregated to the Site ID level in the same way described above. These annual aggregated bills 
were compared to the aggregated bills used in the analysis. If the aggregated bills from the first 
data pull were more than 50 percent larger than the bills being used in the billing analysis, the 
customer was removed. This would indicate that either not all of the control numbers that link to a 
site were provided in the second data pull or, more likely, since 1995 (when the first billing data 
was pulled and when the customer participated) there has been customer turnover at the site, and 
there are now additional premise numbers that no longer link to one unique site. 

As a results of these three criteria, 102 of the 148 premises were removed. Of the 102 removed 
customers, 45 failed the invalid usage data screening checks as well. Therefore, only 57 premises 
were removed solely on these data screening criteria alone. 

Appendix C presents the number of participants that were removed from the analysis for each of 
the above criteria. 

Other Censoring 

In addition to all of the above censoring, three other participants were removed from the analysis 
for the following reasons: 
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One customer was removed from the analysis because the customer was noted as a "Z- 
Customer" in the MDSS. PG&E does not claim impacts on "Z-Coded" customers. 

Another site had a retrofit performed that will affect a neighboring customer's utility bill. The 
refrigeration equipment (compressors and condensers) serving the participant are maintained and 
operated by a nonparticipant. The participant buys liquid ammonia from the nonparticipant via 
lines running under an adjacent road (driveway) and suction gas is returned to the nonparticipant 
following use. The impacts of this retrofit (which affect ice production) will be realized by the 
manufacturer of the liquid ammonia product, a nonparticipant. Therefore, the participating 
customer was removed from the analysis. 

Finally, two other customers were identified as having added the rebated measure installed under 
the Commercial Program, causing a net increase in energy from the pre- to post-installation period. 
One of these customers was previously identified as being a large customer and deleted. 
Therefore, only one extra customer was removed. 

Appendix C summarizes all of these data screening criteria and provides the pre- and post- 
censoring sample sizes by technology and business type. 

2. Background Variables 

Background variables, such as interest rates, unemployment rates and Other economic factors, 
were not explicitly modeled in the final model. However, the effect of these factors was explicitly 
accounted for when a cross-sectional time series model was used with a comparison group. This 
is based on the assumption that the comparison group was equally impacted by the same set of 
background variables. 

3. Data Screen Process 

As explained in Appendix C, the final model was fitted in two steps. The first step is to estimate a 
baseline model to develop the relationship between the pre-installation year usage and the post- 
installation year usage, followed by an SAE model to estimate the SAE realization rates based on 
the engineering estimates of program impacts. Section 1 above describes in detail all of the data 
screening criteria. Appendix C also details the number of customers that were screened for each 
criteria. 

4. Regression Statistics 

The billing regression analysis for the lighting program uses two different multivariate regression 
models under an integrated framework of providing unbiased and robust model estimates in the 
commercial sector. The key feature of our approach is that it employs a simultaneous equation 
approach to account for both the year-to-year and cross-sectional variations in a manner that 
consistently and efficiently isolates program impacts. 

A baseline model is initially estimated using only the comparison group sample. This model 
estimates a relationship that is then used to forecast the post-installation-year energy consumption 
for both participants and the comparison group, as a function of pre-installation-year usage. In this 
way, baseline energy usage is forecasted for participants by assuming that their usage will change, 
on average, in the same way that usage did for the comparison group. The outputs of the baseline 
model are presented in Appendix C 

The estimated SAE realization rates are used to adjust the engineering estimates of expected annual 
energy impacts for the entire participant population. The regression statistics for the final SAE 
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model are presented in the fol lowing exhibits and a more detailed discussion can be found in 
Appendix C. 

Exhibit B 
Final SAE Model Output 

Parameter Descriptions 
SAE Coefficients 

Lighting End Use 
Office Flourescents 
Other Flourescents 
Controls 
Warehouse HIDs 

School HIDS 
Other RE Ligl3ting 
Custom Lighting 

HVAC End Use 
Central AJCs 
ASDs 
Chillers 
EMS 
Other Custom HVAC 
Office Thermostats 
Other RE/REO HVAC 

Parameter Sample 
Units Estimate t-Statistic Size 

kWh -1.00 14.67 116 
kWh -0.68 7.41 261 
kWh -1.38 2.09 57 
kWh 0.02 0.07 1 0 
kWh 0.11 0.30 10 
kWh -1.26 2.15 119 
kWh -0.51 3.07 1 5 

kWh -2.07 3.67 184 
kWh -1.90 6.75 2 7 
kWh -1.58 2.39 5 
kWh -1.03 8.38 20 
kWh -0.65 4.76 5 
kWh 0.05 1.06 3 6 
kWh -0.90 2.89 1 53 

Refrigeration 
Cu__sto m Refr!geration 
RE/REO Refrigeration 

kWh -0.75 2.00 3 
kWh -0.53 1.98 1 81 

Other End Uses 
Other 

Change Variables 
Cooling S~stem Rep!acem ent 
Lighting System Replacement 
Change in Employees 
Square Foot Change 
Heating System Replacement 
Other Equipment Change 
Remove Equipment 
Refrigeration Replacement (0~1)*kWh 
Add Equipement (0,1)*kWh 
Other Additions (0rl)*kWh 

kWh 
kWh -1.71 2.90 62 
kWh 

!0~ !)_* kWh -0.03 0.70 1 0 
(0,1)*kWh -0.08 4.1 7 48 

(_+1,0)*kWh 0.01 0.64 57 
_+ sqft 4.42 2.37 27 

(0~.I !*kVyh -0.07 0.04 4 
(0 r I )*kWh 0.03 I . 1 7 42 
(0, I )*kWh 0.08 0.64 2 

0.00 0.01 3 
0.11 0.49 11 
0.14 12.41 375 

The dependent variable is the difference between the actual and predicted 1996 usage using the 
1994 baseline model. 

SAE coefficients were calculated for 16 different combinations of business type and measure. 
Primarily those measures that have broad participation and relatively high expected impacts were 
supported by separate SAE coefficients. In addition, a separate SAE coefficient was calculated for 
other Commercial Program measures outside Lighting, HVAC, and Refrigeration. 
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Attempts were made to estimate the SAE coefficients at a finer level of segmentation, but generally 
either one of two problems were encountered. First, available sample sizes were too small to 
support a finer level of segmentation. Second, certain parameters were correlated with each other 
and needed to be combined into a single parameter (a standard econometric solution to solving 
the problem of colinearity). For example, it was determined that there was a high incidence of 
compact and standard fluorescent installations at the same site in office buildings. Therefore, there 
was enough correlation between the compact and fluorescent engineering estimates to warrant 
combining the two estimates into a single fluorescent estimate in the model. 

All but three of the SAE coefficients are significant at the 95 percent confidence level (t-statistics 
greater than 1.96). In addition, all of the statistically significant SAE coefficients were the correct 
sign, and therefore were used in the calculation of the final ex post energy calculations. The three 
SAE coefficients that were not significant at the 95 percent confidence interval (HIDs in 
warehouses and schools, and thermostats in offices) were not used in the final ex post energy 
calculations. Because each of the insignificant SAE coefficients were also the wrong sign, they 
were set to zero. Therefore, no energy impacts are being claimed for these three segments. 

All of the HVAC technologies are represented in the SAE billing analysis, except for REO Variable 
Frequency Drives (VFD), REO CAV to VAV, and Customized Incentive Chillers. Although these 
measures represent only ten percent of the energy impact, an approach needed to be developed 
for adjusting the engineering energy impact estimate for these measures. 

The REO VFD measure is very similar to those installed under the RE and Customized 
Incentive programs, and the engineering estimate is calculated using the same approach. 
Therefore, engineering energy impact estimate for the REO VFD measure was adjusted by 
the SAE coefficient estimated for the RE and Customized Incentive measures. 

Three approaches were considered for adjusting the engineering energy impact estimate 
for the REO CAV to VAV measure: (1) applying the Other RE HVAC SAE coefficient, (2) 
applying the Other Custom HVAC SAE coefficient, or (3) leaving the engineering estimate 
unadjusted. Because the REO CAV to VAV measure is usually installed in large businesses, 
typical of those installing Customized Incentive measures, the Other Custom HVAC SAE 
coefficient was used to adjust the engineering energy impact estimate for the REO CAV to 
VAV measure. This is also the most conservative approach since the SAE coefficient is 
only 0.65. 

The engineering energy impact for Chillers was estimated differently for Customized 
Incentive applications than for RE and REO applications, due to the different types of 
businesses that install these measures. Therefore, the engineering energy impact estimate 
for Customized Incentive Chillers was left unadjusted, which is conservative compared to 
the alternative approach of applying the 1.58 SAE coefficient estimated for the RE and REO 
applications. 

The SAE coefficient of 0.65 for Other Custom HVAC measures is based on a sample size of only 
five sites, compared to the 43 unique sites that installed "Other" Customized Incentive HVAC 
measures in 1995. In addition, these five sites represent only seven percent of the total ex ante 
energy impact contributed by these 43 sites. Also, one third of the customers installing "Other" 
Customized Incentive HVAC measures have usage over 3 million kWh per year, which are not 
represented in the SAE analysis. 

The larger customers (usage over 3 million kWh per year), however, are very well represented in 
the on-site audit sample, for which calibrated engineering energy impacts were estimated. Sixteen 
sites, which represent 53 percent of the total ex ante energy impact, were on-site audited, one of 
which was included in the SAE billing analysis. The ratio of the engineering energy impact 
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estimate to the ex ante estimate is 0.79 for the on-site audit sample. This can be directly compared 
to the SAE coefficient, because ex ante estimates were used as the engineering energy impact 
estimates for the billing analysis, as mentioned above. 

Three approaches were considered for estimating the ex post gross energy impact for the "Other" 
Customized Incentive HVAC measures: 

• The SAE coefficient of 0.65 could be applied to the ex ante estimate of gross energy impact 
for the population. 

The 0.79 ratio of engineering energy engineering energy impact estimate to the ex ante 
estimate from the on-site audit sample could be applied to the ex ante estimate of gross 
energy impact for the population. 

The SAE coefficient of 0.65 could be applied to the ex ante estimate of gross energy impact 
for the population that is most similar to the SAE sample, and the 0.79 ratio of engineering 
energy engineering energy impact estimate to the ex ante estimate could be applied to the 
population most similar to the on-site audit sample. 

The approach of applying the SAE coefficient to the ex ante estimate of gross energy impact for the 
population, which is the most conservative method, was chosen for two reasons. First, the SAE 
coefficient provides a statistically adjusted result that is significant at the 95 percent confidence 
level. Second, the 0.79 ratio based on the on-site audit is very sensitive to a few individual on-site 
results. For example, the ratio of the engineering to ex ante estimate is 1.51 for the site with the 
largest energy impact. If the engineering estimate was set equal to the ex ante estimate for this 
customer, the overall ratio for all on-sites would be 0.64. Conversely, if the site with the second 
largest energy impact, which has a ratio of 0.4t, had an engineering estimate set equal to the ex 
ant estimate, the overall ratio would be 0.95. 

The SAE coefficient of 0.75 for Customized Incentive Refrigeration measures is based on a sample 
size of only three sites, compared to the 53 unique sites that installed Customized Incentive 
Refrigeration measures in 1995. Adjusting the engineering estimates of energy impact by 0.75 for 
all Customized Incentive measures should be considered ~conservative because it is likely that a 
sample size of three may not be representative of the population. An alternative approach would 
be to adjust only those measures that are similar to the three represented in the billing analysis, and 
leave the remaining measures unadjusted. It was found that the ratio of the engineering energy to 
the ex ante gross energy estimate was 98 percent over all 53 unique sites, and 94 percent for the 
three sites used in the SAE analysis. Because the ratio for the SAE sample is similar to the 
population's ratio and because the SAE coefficient was statistically significant at the 95 percent 
confidence level, the conservative approach of adjusting all Customized Incentive Refrigeration 
measures by 0.75 was chosen. 

Impact estimates from the MDSS for other end uses were included in the model for customers that 
installed measures outside the Lighting, HVAC, and Refrigeration end uses. Although this result is 
statistically significant and the correct sign, it is not recommended that this value be used because 
the sample may not be representative of the population of participants installing these measures. 

The majority of the change variables that were included in the model were not statistically 
significant at the 95 percent confidence level. Most of the parameter estimates are the correct sign, 
and those that are not have very low t-statistics. All but one variable, was determined solely on 
telephone survey responses. The change variable termed "other additions" was determined by 
comparing the predicted estimate of post-installation usage, based on the baseline model, to the 
actual post-installation usage. If the predicted usage is less than the actual post-installation usage, 
it is likely that some change occurred at the premise that would cause the usage to increase. An 
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analysis of these customers revealed that two thirds of them indicated through the telephone 
survey that some change did occur at the premise. However, almost half of these customers did 
not provide a date for when the change occurred. Therefore, the "other additions" variable was 
created in an attempt to capture other changes that would cause usage to increase, which were 
not explained by the other independent variables in the model. 

5. Model Specification 

The model specifications are presented in Appendix C. Specific model specification issues are 
further discussed below: 

Cross-sectional Variation. The final model specification recognizes the potential heterogeneity 
problem in the model and uses the following procedures to eliminate the impacts of the cross- 
sectional variation: (1) observations with highest usage values were removed in the model to 
reduce the overall variance of the sample in terms of usage and size; and (2) independent 
variables were all intercepted with the pre-installation usage to ensure that change of independent 
variable will be proportional to the usage value. 

Time Series Variation. The key factors to control for the time series variation in the final model are: 
(1) use of the comparison group to define the relationship of the energy consumption between two 
different time periods and (2) eliminate the multiple time period interactions by only one yearly 
pre-installation period and one yearly post-installation period for each stage. 

Self-selection. Self-selection is not treated explicitly in the billing regression analysis. The reasons 
for excluding such a correction is based on the following considerations: (1) the objective of the 
billing regression analysis is to estimate the program gross energy impacts, where self-selection 
bias is believed to have a limited effect on the regression result (when both cross-sectional and 
time series data are used), and (2) the existing self-selection correction procedures all have serious 
flaws in their underlying assumptions. For example, the Mills ratio approach was attempted, but 
resulted in serious multi-collinearity problems between the double inverse Mills ratio variable and 
the engineering estimates of impact. 

Collineari~. Various statistical tests (such as COLLIN and VlF options in SAS) were used to check 
multiple collinearity problem among independent variables in the model to ensure that the final 
parameter estimates are robust. 

Net Impact. As mentioned in the Self-selection section, a net billing model was implemented 
using the double inverse Mills ratio approach, but resulted in problems with multi-colinearity that 
were uncorrectable. Therefore, a gross billing analysis model was used and adjusted by a net-to- 
gross ratio using discrete choice and self report methods. 

6. Measurement Errors 

For the billing data regression analysis, the main source of measurement errors is the telephone 
survey. Our approach has been to proactively stop the problem before it happens so that 
statistical corrections are kept to a minimum. 

Measurement errors are a combination of random and non-random error components that plague 
all survey data. The non-random error frequently takes the form of systematic bias, which 
includes, but is not limited to, ill-formed or misleading questions and mis-coded study variables. 
In this project, we have implemented several controls to reduce the systematic bias in the data. 
These steps included (1) thorough auditor/coder training; (2) instrument pretest; and (3) cross- 
validation between on-site audit data and telephone survey responses. 
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The random measurement error, such as data entry error, has no impact on estimating mean 
values because the errors are typically unbiased. For the measures that were modeled in the 
billing regression analysis, the impact of random unbiased measurement errors was accounted for 
as part of the overall standard variance in the parameter estimate. 

7. Autocorrelation 

The autocorrelation problem exists if the residuals in one time period are correlated with the 
residuals in the previous time period. Since the final model is based on a yearly pre- and post- 
installation period comparison with only one year in each period, the autocorrelation problem 
was unlikely to occur under this scenario, as was confirmed by examining the Durbin-Watson 
statistic for these models. 

8. Heteroskdasticity 

See discussion above. 

9. Col l inear i ty  

See discussion above. 

10. Influential Data Points 

See discussion above. 

11. Missing Data 

See discussion above. 

12. Precision 

The precision calculation for the gross SAE realization rates are presented in Section 3. Relative 
precision's for net estimates were calculated using the following procedure: 

• First, NTG ratios, N~, were computed for all technology groups that were represented in the 
telephone survey. 

Then, the program level NTG and program level standard error for the NTG were 
calculated using the classic stratified sample techniques. The program level NTG was a 
weighted average of technology level NTG values with adjusted gross impacts per 
technology group providing the weights. 3 The functional relation can be best described in 
the following equations: 

m m 

N = £i wi * N i with w i = MWh i 

StdErrNTG = ~ ( (W i )2  * StdErri 2 ) 

3 Technology groups with no standard errors were excluded from this calculation. 
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where 

N = Net-to-Gross Value 

i = Technology Group 

w = Weight 

Then, the relative precision 4 for the program NTG value for energy was calculated and 
combined with the relative precision of the gross energy impact to yield an overall relative 
precision for the net energy impacts: 

tc~=10 * StdErr 
RPNTG-Energy = NetMWH 

RPNetEnergy = -,k/Rp2NTG_Energy + Rp2GrossEnergy 

Finally, the relative precision net demand impacts was calculated using a scaled version of 
the relative precision for the net energy impact. The sample sizes of the on-site audits and 
telephone surveys served as the scalars: 

/ 
Nonsite 

RPNetDemand = RPNetEnergy * / 
"~ NTelephone 

• Per-unit NTG relative precision's appearing in Table 6 (Items 1-5) were calculated in a 
similar fashion. 

E. DATA INTERPRETATION A N D  A P P L I C A T I O N  

The program net-to-gross analysis was conducted based on a survey self-report analysis. For a 
detailed NTG analysis discussion, see Appendix D. 

Self Report Method 

The self-report method used to score free-ridership uses participant responses to survey questions 
regarding the timing of and reasons for equipment replacement actions. The complete text of the 
participant surveys may be found in Survey Appendix S-1. Questions used for the self-report 
analysis are summarized in Appendix D. 

As described in Appendix D, a series of questions was posed to program participants. If the 
customer indicated that he had not been shopping for new refrigeration equipment before 
becoming aware of the program, he was scored initially as a net participant. A customer was then 
classified as a free-rider if he (1) stated that he would have installed high-efficiency refrigeration 
within the year and had already selected the refrigeraton equipment; and (2) stated that he would 
have purchased high-efficiency refrigeration equipment if the program had not existed. 

4 The example shown is for the 90 percent confidence level. Relative precision was also calculated at the 80 
percent confidence level. 
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The net-to-gross ratio using the self-report method relied only on free ridership and did not include 
any estimate of spillover. 
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