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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.

A1 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 its 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.

A2 SAMPLE DESIGN OVERVIEW
The objectives of the sample design were to

e 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.

e 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 loggered 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 accuracy 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.

A3  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-1
1995 Commercial Segmentation and Distribution of Unique Participant Sites
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Data Source: 1995 PGAE Frozen MDSS Database Received on july 25 1996

A4 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, thatis, at the technology-group level or at an even higher level of aggregation.

A5  SAMPLE FRAME

The first step in sample design isto 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 frame 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 vyear, ie., 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 GROUP SAMPLE FRAME

The comparison group sample frame consists of 4,153 commercial customers drawn from the
eligible population 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 1394 and 1995 is no more than twice (or
less than half) 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

‘_——_—_‘ Commercial
‘ }l Time-of-Use
Telephone On-Site End-Use Tou)

| Program End Use Surveys Audits Metering Loggers Combination
L Lighting T 1 0 0 0
|custom HVAC 58 32 0 0 0
| Refrigeration 7 16 0 1 1
i Lighting 600 227 5 108 112
{Retrofit HVAC 434 107 20 13 31

Refrigeration 235 16 0 i 1
| Lighting 614 228 5 108 112
lrotal HVAC 487 137 20 13 31
l Refrigeration 241 18 0 2 2
ITotal Participants (Unique Sites) 1,217 380 20 108 126
{Total Nonparticipants (Unique Sites) 808 36 0 0 0
[Total (Unique Sites) 2,025] 416 ~ 20 108 T 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 atotal of 2,025 customers, 1,217 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 the
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 416
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. Atotal of 108 and 20
participant sites were loggered 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:

e 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.

e 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.

e 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 Relative
Weight n mean Error Prec.
~ 52.8% 205 60,757 4,746 12.8%
24.5% 153 218,522 6,452 " 4.9%
115% 99 575245 20,564 5.9%
_6.9% 78 1,586,348 28,156 6.0%
_43% 57 4,918,699 287,212 9.6%
100.0%
TOTAL 592 471,990 13,460 "4.7%
Usage > 10,000,000 kWh in 1994 49 )
Surveyed B . - 22
TOTAL Surveyed = 614
REFRIGERATION
Standard Relative
Weight n mean Error Prec.
_59.1% 168 45814 2,759 9.9%
- 22.7% 41 227,111 13,980 10.1%
. 3.9% 13 631,164 50,908 13.3%
12.3% 12 1,533,060 55,581 . 6.0%
. 2.0% 6 4,068,986 339,006 13.7%
100.0%
TOTAL _240 372375 10,401 4.6%
‘Usage > 10,000,000 kWh in 1994 3
Surveyed , I 1.
TOTAL Surveyed = 241
HVAC
Standard Relative
Weight n mean Error Prec.
_.53.9% 231 C.51,1M 3,357 _10.8%
19.5% 96 211,135 8,474 6.6%
10.7% 58 610,891 28,876 7.8%
10.1% 51 1,654,388 79,836 7.9%
57 % 37 4,660,035 327,280 11.6%
100.0%
TOTAL = 473 566,376 20,647 6.0%
Usage > 10,000,000 kWh in 1994 21
Surveyed 14

TOTAL Surveyed = 487

It follows that the 808 surveys that comprise the comparison group sample yield a relative
precision of at least that obtained by the corresponding participant samples. Since the expected
precision is based upon the annual energy usage, this does not imply that these levels of precision
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 jJanuary 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-1). 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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B.3

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 27% 18%
Customized Incentives 73% 82%

EVALUATION APPROACH, RETROFIT EXPRES S

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 Filingl). 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, 1994

- Fundamentals, 1989

- HVAC Systems and Applications, 1992

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

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 18543, 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

) ] o Evaluation Impacts
PGA&E Measure Code Description Unit of Impact Advice Filing Recalculated Advice Final impacts Used
Measure Impacts Filing fmpacts Evaluation Impacts to Develop Estimates
Code kWh/yr W yr W kWh/yr kW kWh/yr kW
R — i p— M-
R1  JA (1995). Night Cover for Display Case Linear Feet 136.6 0 136.6 0 . . 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 Acrytic Doors (Low .
R3 Temperature Case) 4 Linear Feet 894 0.0846 894 0.0848 1473 D.168 1473 0.168
D (1995). New Refrigeration Case with .
R4 Doors (Low-Temperatute Case) Linear Feet 894 0.0846 894 0.0848 1473 0.168 1473 0.168
PP (IEED New Refrigeration Case wil Linear Feet | 345 [ 0.0326 | 347 | 0.0328 | 403 foos60 | 403 0.046
Doors (Medium-Temperature_Case)
re |F (1995). Low Heal/No Heal Linear Feet | 312.8 | 0.0146 | 3129 | 0.0146 | 181 | o0.0206 181 0.0206
Refrigeration Case Door
R7 G (1995). Humidistat Control Linear Feet 280.5 0.0184 280.5 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
R11 |1 (1995). Insulate Bare Suction Line Linear Feet 16.02 0 16.67 0 16.31 ]0.00186 16.31 0.00186
R12 {) (1995). Mutilplex 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
19 [N (1995). Floating Head Pressure Tons s48.22| o 548.22 0 . . 548.22 0
Controller
R50 (O (1995). Cooler or Freezer Door Gasket Gasket(s) 1035 0.097 1032 0.097 2091 0.239 209 0.239
R51  |F {1995) Auto-Closer for Cooler or Closertsy | 2304 | o6s || 2304 | o065 | 3535 | os7 3535 0.57
(1995). Cooler or Freezer with Non- Refrigeration
R52 Electric Condensate Evaporator U%it(s) 1681 0.102 1681 0.102 . 0.188 1681 0.188
R1S :_994- High C‘_‘lfac"y Oversized THR®-AF 71.38 Jo.0078 | 71.38 | 0.0078 . 0.0081 71.38 0.0081
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
{Ammonia}
R8 g:?gﬁf/"e’gy Efficienct Evaporator Motor, | ey peer | 121.22 [ 0.00475 ([ 121.22 | 0.00475 . 00138 | 12122 | o.0138
RI  [vooy: Enersy Efficienct Evaporator Motor, hp 8355 | 0368 || 8355 | 0.368 : 0.954 | 8355 0.954
P

B.4  EVALUATION APPROACH, CUSTOMIZED INCENTIVES

Each application filed 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 — The 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

Gross Energy Impacts Gross Demand Impacts
Ex Post Ex Post
Ex Ante Unadjusted Ex Ante Unadjusted

Site ID Impacts (kWh) Impacts (kWh) Impacts (kW)  Impacts kW)
3110 75,781 82,660 0.00 8.65
3103 264,878 264,878 0.00 8.65
2862 ‘ 903,671 903,671 268.00 186.00
2909 213,119 175,202 9.20 79.94
396 244,994 244,994 24.70 24.70
390 188,633 188,633 0.94 0.94
5499 213,981 213,981 10.20 10.20
3970 107,048 147,887 0.00 0.00
4519 527,473 527,473 61.00 61.00
2888 369,200 0 101.00 0.00
657 900,322 0 24.00 0.00
3946 484,156 484,156 0.00 0.00
4521 165,042 165,042 0.00 0.00
2396 85,673 85,673 0.00 0.00
Large Supermarket Chain+ 13,830,203 14,683,233 605.80 505.98
Total 18,574,174 18,167,483 1104.84 886.06

Realization Rate 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? 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.

e Al such lighting savings were recorded in the MDSS under a refrigeration classification.

o 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:

e  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

e Lighting Impacts

e Refrigeration Impacts
The following were assessed:

MDSS records accuracy—whether or not application records were appropriately transferred to
the MDSS.

Application results accuracy—results 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.

Z 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
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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.6.1.

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

Percent Ex-Post | Percent

Application Supply Fan Baseline Fan Ex Ante Savings Savings | Savings

Site ID | Check Number ] Horsepower | kWh per year | Savings kWh [ (Ex Ante) | (kWh) | (Ex Post)
3357 63626 25 150,754 125,022 83% 79,307 53%
3361 61063 25 150,516 118,459 79% 74,875 50%
3364 60590 30 181,008 143,917 80% 89,850 50%
3366 62985 20 120,672 97,467 81% 59,900 50%
3367 62761 20 120,603 93,908 78% 63,446 53%
3368 63776 20 123,283 103,208 84% 63,446 51%
3372 60724 25 150,840 115,799 77% 74,875 50%
3373 61060 20 90,504 72,969 81% 59,900 66%
3374 61067 30 123,283 101,799 83% 95,168 77 %
3381 61070 25 150,840 129,919 86% 78,606 52%
3388 62526 20 120,603 102,767 85% 63,446 53%
3389 63624 20 120,413 90,698 75% 59,900 50%
3391 62986 15 90,310 66,797 74% 44,925 50%
3394 63625 20 120,672 91,915 76% 63,446 53%
3400 63775 30 180,905 152,227 84% 95,168 53%
3401 61061 25 150,840 114,384 76% 79,307 53%
3402 61069 25 150,840 119,242 79% 74,875 50%
3403 63621 30 180,905 99,023 55% 95,168 53%
3405 61066 30 181,008 147,871 82% 89,850 50%
3409 61058 25 150,516 117,940 78% 74,875 50%
3411 61068 20 120,603 99,023 82% 65,844 55%
3413 60960 20 120,672 93,739 78% 59,900 50%
3414 62390 25 150,840 115,078 76% 79,307 53%
3415 62391 25 150,840 119,782 79% 74,875 50%
3416 63619 25 150,840 123,047 82% 74,875 50%
5687 63889 25 150,754 127,327 84% 79,307 53%
3407 60593 30 Missing Missing N/A 98767 N/A
3359 63217 Missing Missing Missing N/A 74,563 N/A
3371 61065 Missing Missing Missing N/A 74,563 N/A
3386 61057 Missing Missing Missing N/A 74,563 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

Application Evaluation
Lighting Connected Load 1,807 kw Lighting Connected Load 1,807 kw
Pre-Retrofit Lighting 15,202,161 kwh Percent Controlled X 61%
Post-Retrofit Lighting - 12,797,683 kwh
Lighting Connected Load Controlled 1,098 kw
Hours offfyear { 6 hours per day x 365 days) x 2190
Annual Savings 2,404,478 kWh Annual Savings 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.

Quantum Consulting Inc. B-9 Engineering Detailed Computational Methods



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
Demand Impact Ratio Energy impact Ratio
Maximum {Demand Impact /
Check | Refrigeration Plant | Ex-Post Demand Ex-Post Energy Refrigeration Load) x Energy Impact /

Site ID Number Load (Btuh) Impacts (kW) Impacts (kWh) 1,000,000 Refrigeration load
3402 61060 1,114,540 -2.18 57,576 -1.954 0.052
3372 61061 1,226,259 9.23 134,621 7.527 0.110
3361 61067 894,449 1.80] 66,399 2.015 0.074
3409 61068 1,467,973 5.39 182,491 3.675 0.124
3391 61069 1,218,793 7.32 112,366 6.004 0.092
3373 61070 1,023,750 1.48 33,106 1.445 0.032
3364 62985 1,176,645 0.04 30,865 0.033 0.026
Jao 63621 1,209,900 8138 59,058 6.923 0.049
3368 63624 845,679 2.13 145,754 2.523 0.172
3374 63625 893,034 5.01) 142,215 5.609 0.159
Average Ratio 3.380 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.
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Exhibit B-9

Refrigerated Case Load to Demand and Energy Impacts

Maximum

Check Refrigeration Plant | Ex-Post Demand Ex-Post Energy
Site 1D Number Load (Btuh) Impacts (kW) impacts (kWh)
3357 63778 922,192 3.12 82,183
3359 63217 631,950 2.14 56,317
3361 61067 1,300,000 1.80 66,399
3363 63619 1,397,935 4.73 124,579
3364 62985 1,500,000 0.04 30,865
3366 61063 1,698,920 574 151,402
3367 63889 785,807 2.66 70,028
3368 63624 2,552,000 2.13 145,754
3371 61065 Missing 3.97 80,039
3372 61061 1,917,000 9.23 134,621
3373 61070 1,150,000 1.48 33,106
3374 63625 2,552,000 5.01 142,215
3378 62526 813,000 2.75 72,452
3379 61064 1,616,460 5.46 144,053
3381 60593 1,895,360 6.41 168,908
3384 63218 1,059,449 3.58 94,415
3386 61057 Missing 3.97 80,039
3388 63627 819,100 2.77 72,995
3389 60590 843,810 2.85 75,198
3391 61069 2,425,000 7.32 112,366
3394 63775 1,001,162 3.38 89,220
3395 62761 890,570 3.01 79,365
3399 63216 1,086,600 3.67 96,834
3400 62391 1,019,261 3.45 90,833
3401 63621 1,764,000 8.38 59,058
3402 61060 1,984,500 -2.18 57,576
3403 62390 1,099,662 3.72 97,998
3404 62759 1,658,140 5.60 147,768
3405 61058 1,698,920 5.74 151,402
3407 61756 1,413,333 4.78 125,951
3408 62987 Missing 3.97 80,039
3409 61068 2,425,000 5.39 182,491
3411 60960 1,335,331 4.51 119,000
3412 62986 1,032,700 3.49 92,031
3413 60724 1,774,031 6.00 158,096
3414 63776 1,239,950 4.19 110,500
3415 61066 1,221,500 4.13 108,856
3416 62098 1,916,150 6.48 170,761
5687 63626 1,461,448 4.94 130,239

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 components 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 itlustrates savings calculated for the EMS control of case lighting and anti-sweat
heaters.
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Exhibit B-10

Refrigerator EMS Energy and Demand Savings

Case Lighting Case Lighting Door Heaters Door Heaters
Check Demand Energy Impacts | Demand Impacts Energy Impacts

Site 1D Number | Impacts (kW) (KWh) (kW) (kWh)

60590 3389 0 45,990 5.5 48,180
60593 3381 0 48,545 2.5 21,900
60724 3413 0 48,545 6.0 52,560
60960 3411 0 91,980 11.0 96,360
61058 3405 0 127,750 7.5 65,700
61060 3402 0 66,430 4.5 39,420
61061 3372 0 33,215 7.0 61,320
61063 3366 0 28,105 5.5 48,180
61064 3379 0 99,645 2.0 17,520
61066 3415 0 104,755 11.0 96,360
61067 3361 0 38,325 9.0 78,840
61068 3409 0 102,200 10.5 91,980
61069 3391 0 91,214 5.0 43,800
61070 3373 0 66,430 4.5 39,420
61756 3407 0 94,535 13.0 113,880
62098 3416 0 79,205 10.0 87,600
62390 3403 0 38,325 7.0 61,320
62391 3400 0 28,105 7.5 65,700
62526 3378 0 63,875 4.0 35,040
62759 3404 0 22,995 7.5 65,700
62761 3395 0 43,435 1.5 13,140
62985 3364 0 51,100 8.5 74,460
62986 3412 0 84,315 9.5 83,220
63216 3399 0 48,545 14.5 127,020
63217 3359 0 15,151 3.0 26,280
63218 3384 0 63,875 5.5 48,180
63619 3363 0 132,860 6.0 52,560
63621 3401 0 71,540 8.0 70,080
63624 3368 0 22,995 4.6 40,296
63625 3374 0 22,995 3.9 34,164
63626 5687 0 38,325 9.5 83,220
63627 3388 0 33,215 8.0 70,080
63775 3394 0 36,210 4.0 35,040
63776 3414 0 86,870 11.0 96,360
63778 3357 0 28,105 9.5 83,220
63889 3367 0 22,995 4.0 35,040
62987 3408 0 59,519 7.0 61,198
61065 3371 0 59,519 7.0 61,198
61057 3386 0 59,519 7.0 61,198

Totals | 0] 2,321,258 | 272 2,386,735 |
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Indirect Cooling Savings - 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.

e 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 and Energy

Maximum Maximum | Refrigeration Load Refrigeration

Refrigeration Plant | AC Load (Cooling load - Refrigeration Energy Demand Fraction Energy Fraction

Site Load (Btuh) (Btuh) AC load) Demand (kW) (kWh/year) (kW per Btuh) (kWh per Btuh)
3402 1,114,540 37 670,540 86 458,947 0.0001276 0.684443
3372 1,226,259 40 746,259 97 519,727 0.0001300 0.696444
3361 894,449 30 534,449 61 356,563 0.0001150 0.667160
3409 1,467,973 40 987,973 123 668,919 0.0001244 0.677062
3391 1,218,793 40 738,793 86 450,145 0.0001164 0.609297
3373 1,023,750 30 663,750 102 613,255 0.0001538 0.923925
3364 1,176,645 40 696,645 101 548,749 0.0001457 0.787703
3401 1,209,900 40 729,900 89 466,761 0.0001226 0.639486
3368 845,679 20 605,679 103 460,705 0.0001706 0.760643
3374 893,034 20 653 034 113 425,451 0.0001738 0.651499
Total 7,027,022 963 4,969,223 0.0001370 0.707159

Heat Reclaim

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-12

MDSS, Detailed Application, and Evaluation Savings

Energy

MDSS

DETAILED

EVALUATION

KEY

D Refrigeration
Condenser
Recircuit

ki Refrigeration
EMS

KEY
B vacvsp

[] Refrigeration
Condenser
Recircuit

Refrigeration
EMS
Lighting

1 Rerigeration
Heat
Reclaim

Oon

H B O BZ

KEY

HVAC VSD

Refrigeration
Condenser
Recircuit

Lighting EMS

Refrigerated Case
Lighting EMS

Refrigeration
Anti-Sweat
Heater EMS

Indirect
Refrigeration
Savings EMS

Refrigeration
Heat Reclaim

Demand

MDSS
12%

DETAILED

4% A%

43%

EVALUATION
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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) {(kwh) Energy (kWh)
453 74.3 109 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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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.

Quantum Consuiting Inc.
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Ref Measures A-J

A) Night Covers for Display Cases

Night Covers

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 Percent of Cover Type Energy Savings Weighted
Participation (kWh/yr-ft) (kWh/yr-ft)

LT Multideck 4% film 329 9.87
bianket 370 3.70
MT Multideck 70% film 143 75.08
blanket 161 28.18
HT Multideck 8% fitm 75 4.50
blanket 84 1.68
LT Coffin 14% film 85 8.93
bianket 95 3.33
MT Coffin 4% film 33 0.99
blanket 37 0.37

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

3) Evaluation Estimate:

average = 136.61

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 Recommended
{per linear foot) Advice Filing Evaluation Source
NC Demand (kW) 0 NA Advice Filing
Coinc. Demand (kW) 0 NA Advice Filing
Annual Energy (kWh) 137 NA 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.

Quantum Consulting Inc.
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Ref Measures A-J Strip Curtains

B) Strip Curtains for Walk-in
1) Install strip 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 =1 x H x 365 days/yr

= loads due to infiltration (kBtu/yr)

| = volume of infiltrated air (volume x air changes per day)
= 16,500 cuft/day

H = enthalpy change per cuft of entering air
= 1.39 Btu/cuft

Q= (16,500 cuft/day) x (1.39 Btu/cuft) x 365 days/yr
= 8,371,275
= 8,371 kBtu/yr
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
(777 kWh/yr)/21 sqft
37
= 37 kWh/sqgft-yr

adjust to kWh

Adjust to sqft

Non-coincident Demand Savings:

(37 kWh/yr-sqft)/(5,708 EFLH/yr)
0.00648

0.00648 kW/sgft
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Ref Meastires A-J Strip Curtains

Coincident Demand Savings:
= (0.00648 kW/saft) x 0.54 CDF
0.00350
0.0035 kW/sgft
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

t

4) Evaluation Estimates:
Non-coincident Demand Savings:
Infiltration by air exchange, according to ASHRAE" p.26.3.
at= 3,790 x W x HM.5 x (Q/A) x (1/R) x Dt x Df x (1-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
Dt = door flow factor
E = effectiveness 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
Dt= 0.8 flow 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 (7A1.5ft) x (0.16 tons/sqft) x (1/0.59) x 80% x 1.0 x (1-0)
= 45,684
Baseline Demand (cooler) = (45,648 Btuh)*(1ton/12,000 Btuh)*'(1.6 kW/ton)
= 6.086
8.086 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 (721.5ft) x (0.16 tons/sqft) x (1/0.59) x (80% flow factor) x (1 - 65%)
15,989

(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.

Retrofit Demand (cooter)
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Ref Measures A-J Strip Curtains

NC 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.

The freezer impact is initially calculated with the assumption that the door is left open 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
Baseline Loads (freezer) = 3,790 x 3ft x (7~1.5ft) x (0.61 tons/sqgft) x (1/0.63) x 80% x 1.0 x (1-0)
163,112
(163,112 Btuh)*(1ton/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.

Baseline Demand (freezer)

(]

Retrofit Loads (freezer) = 3,790 x 3ft x (771.5f) 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

Retrofit Demand (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.

NC Demand Savings (freezer)

]

Average NC Demand Savings:
= (3.954 kW x 80%) + (21.205 kW x 20%)
7.404
7.404 kW/21 sqft
0.353
= 0.353 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

§) Summary of Resuits:

Impact Type impact Recommended
{per square foot) Advice Filing Evaluation Source
NC Demand (kW) 0.0065 0.353 Evaluation
Coinc. Demand (kW) 0.0035 0.0441 Evaluation
Annual Energy (kWh) 37 386 Evaluation

6) Sources:
* ASHRAE Handbook, "Refrigeration Systems and Applications”; American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.
Atlanta, GA, 1994
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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.

Quantum Consulting Inc.
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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 muitideck 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-it)/(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 kWift

1

Coincident Demand Savings:

0.54 CDF x 0.157 kWi/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/ft, 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) Evaluation Estimates:
Evaluation Assumptions:

Unless otherwise stated all values taken from EPRI report TR-100984, V1it.
Baseline design case load is 1,400 Btuhit
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 = (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-it

Evap. Fan Energy impacts = (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, V1t.

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.

it

]

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.

i

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

= (1,473 kWh/yr-it)/(8,760 hours/yr)
0.168
0.168 kWit
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 kWr/ft.
Recommend using Evaluation estimate, as indirect impacts are taken into account.

i

5) Summary of Results:

Impact Type Impact Recommended
{per linear foot) Advice Filing Evaluation Source
NC Demand (kW) 0.157 0.258 Evaluation
Coinc. Demand (kW) 0.0846 0.168 Evaluation
Annual Energy (kWh) 894 1,473 Evaluation

6) 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.
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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.

Quantum Consulting Inc.
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Ref Measures A-J LT New Case

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

1) Replacement of existing open muitideck 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 muitiplex 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-#t)/(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 kWi/ft

Coincident Demand Savings:
= 0.54 CDF x 0.157 kW

2/2/97 Page 9 9:47 PM



Ref Measures A-J

2/2/97

LT New Case

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 (5,708 EFLH/yr)/(8,760 hrs/yr) = 0.65

4) Evaluation Estimates:

Evaluation Assumptions:

Baseline Case Load:

Retrofit Case Load:

1]

Indirect Case Load:
Anti-sweat Energy Impacts

Evap. Fan Energy Impacts

Unless otherwise stated all values taken from EPRI report TR-100984, V1it.
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 tan energy use is 19 Watts/hr-ft

(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

(560 Bturhr-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

(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 kWhiyr-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 New Case

Energy Savings:
Average case load is stated 1o be 75% of the design load, according to EPRI report TR-100984, V1t.

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.

Total Annual Savings

Non-coincident Demand Savings:
= (1,473 kWh/yr-t)/(5,708 full load hours/yr)
0.258
0.258 KW/t
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 kWI/it
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:

Impact Type Impact Recommended
(per linear foot) Advice Filing | Evaluation Source
NC Demand (kW) 0.157 0.258 Evaluation
Coinc. Demand (kW) 0.0846 0.168 Evaluation
Annual Energy (kWh) 894 1,473 Evaluation

6) Sources:

212197
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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 17% and 41%, respectively.

Quantum Consulting inc.
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Ref Measures A-J MT New Case

E. New Refrigeration Case with Doors (Medium Temperature Case):

1) Repiacement 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/ft-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 8.66

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 kKWh/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 mathematically incorrect.

Average annual savings = (0.95 kWh/day-ft} 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/ft-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:

= (847 kWh/yr-f1)/(5,708 full load hours/yr)
0.061
0.061 kWit
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I 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-f)/(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, Vit.
Baseline design case load is 1,400 Btuh/ft
Retrofit design case load is 550 Btuh/t
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 Watis/hr-ft

Baseline Case Load:
= (1400 Btu/hr-ft)/(8.6 Btu/W-hr )
= 163
= (163 Watts/ft) x (24 hr/day) x (365 days/yr) x (1 kW/1,000Watts)
= 1428
= 1,428 kWh/yr-ft

Retrofit Case Load:
= (550 Btu/hr-ft)/(8.6 Btu/W-hr)
= 64
= (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 = (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
Evap. Fan Energy Impacts = (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, V1t.

Total Annual Savings = 0.75 x [(1,428 kWh/yr-ft) - 561 kWh/yr-ft] + [(-201 kKWh/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)
0.0706
0.0706 kWwW/ft
Recommend using Evaiuation 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 kWwr/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 Recommended
(per linear foot) Advice Filing Evaluation Source
NC Demand (kW) 0.0604 0.0706 Evaluation
Coinc. Demand (kW) 0.0326 0.0460 Evaluation
Annual Energy (kWh) 345 403 Evaluation

6) 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.
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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. [ndirect 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.

Quantum Consulting Inc.
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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 manutacturers 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 med temp. = 7.5 EER
Compressor efficiency low temp. = 5.0 EER

3) Adbvice Filing Estimates:

Medium Temperature Cases

Manufacturer = Anthony
Model Model Average EE-Model | Base-EE Market
400 1000R (400, 100R) 1200 amps/ft Share
Amps 8.235 5.895 7.065 2.948 4117 60%
Length (ft) 25.2 25.2 25.2 25.2
amps/ft 0.327 0.234 0.280 0.117 0.163
Manufacturer = Ardco
Model Model Average EE-Model Base - EE Market
Vanguard Swingline (Vang, Swing) Enertech amps/ft Share
Amps 7.730 5.670 6.7 3.067 3.633 40%
Length (ft) 25 25 25 25
amps/ft 0.309 0.227 0.2868 0.123 0.145
Advice Filing, p. RF-31 total = 0.156

0.156 amps/ft

Low Temperature Cases

Manufacturer = Anthony

Model Model Average EE-Model Base - EE Market
600 600 100 amps/ft Share

2/2/97 Page 17 9:47 PM



Ref Measures A-J

Low Heat Door

Amps 30.893 30.893 22.76 8.133 60%
Length (ft) 25.2 25.2 25
amps/ft 1.226 1.226 0.910 0.316
Manufacturer = Ardco
Model Model Average- EE-Model Base - EE Market
Vanguard Swingline {(Vang, Swing) Enertech Share
Amps 25.600 21.700 23.65 17.100 6.55 40%
Length (ft) 25 25 25 25
amps/f 1.024 0.868 0.946 0.684 0.262
total = 0.294

Advice Filing, p. RF-31

Average for low and medium temperature cases

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

= 0.294 amps/ft
= 0.225
= 0.225 amps/ft

Manufacturer = Anthony

Medium Temp. Model Model Average EE-Model Savings
400 1000R (400, 100R) 1200
Btuh 3,103 2,781 2,942 2,030 912
Length (ft) 10.1 10.1 10.1 10.1
Btuh/ft 307.3 275.3 291.3 201.0 90.3
Low Temp. Model EE Model Savings
600 100
Btuh 7,653 3,690 3,963
Length (ft) 10.1 10.0
Btuh/ft 757.8 369.0 388.8
Adbvice Filing, p. RF-32
Advice Filing lists 90.4 Btuh/ft as savings for med. temp. cases.

Direct Energy Savings:

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

2/2/97

Direct Door Heat Savings

Full Load Hours

0.225 amps/ft x 120 volts x (1kw/1000 Watts)

0.027
0.027 kwi/ft

(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 =

Low Heat Door

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.) =

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

(A 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

Indirect Energy Impacts {mean) =

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 assuming 60% of the heater load will be conducted into the case.

2/2/97
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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 (1kw/1000 Watts)
0.027

0.027 kW/ft

"

Coincident Demand Savings:

0.027 kW/ft x 0.54 CDF

0.01458

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.

1]

4) Evaluation Estimates:
Direct Energy Savings:
See Advice Filing estimate.

Indirect Energy Savings:
Assume 80% 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.

Hours Case Open = 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

Hours Heat Conducted into Case

Decrease in refrigeration load = (0.027 kW/ft) x (3,413 Btu/kWh) x (60% heat transfer to case)
55.29
= 55.29 Btuh/ft
Mean EER = (7.5 EER + 5.0 EER)/2 according to Advice Filing, p.RF-34
= 6.25 EER
Compressor load savings = [(65.29 Btuh/ft)/(6.25 Btuh/Watt)] x 1 kW/1,000 Watts
= 0.00885
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It

0.00885 KW/it
0.00885 kW/ft x 4,380 hrs/yr
38.75

= 38.75 kWh/ft-yr

Indirect energy savings

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.

1t
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Coincident Demand Savings:

5) Summary of Results:

H

Assume savings is distributed evenly across an entire year.

Low Heat Door

(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.

Impact Type Impact Recommended
_{per linear foot) Advice Filing Evaluation Source
NC Demand (kW) 0.0270 - 111
Coinc. Demand (kW) 0.0146 0.0206 Evaluation
Annual Energy (kWh) 313 181 Evaluation
111 Using the Evaluation methods, this value is unnecessary.
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Measure G: Humidistat Control

Measure
Description:

Summary 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.
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G) Humidistat Control

2/2/97

1) iInstallation 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-ante assumptions:
Door heat load med temp = 201.36 Btu/hr-ft
Door heat load low temp = 369.0 Btu/hr-ft
Reduction of heater use = 50%
Compressor efficiency med temp = 7.5 EER
Compressor efficiency low temp = 5.0 EER
Business day = 18 hrs
Time doors open = 4 hours
Refrigeration load due to heaters = 60% of heater energy
Door heater usage = 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.
0.4695 = {[(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 1kW/1,000 Watts
0.05634
0.05634 kW/ft

Direct Energy Savings = 0.05634 x 8,780 hrs/yr x 50%
246.8
= 246.8 kWh/yr

Indirect Energy Savings:

Decrease in refrigeration load = (0.05634 kW/ft) x (3,413 Btu/kWh) x 50% x (60% heat transfer to case)

= 57.69
Mean EER = (7.5 EER + 5.0 EER)/2
= 6.25 EER
Compressor load savings = [(57.69 Btuh/ft)/(6.25 Btuh/Watt)] x 1 kW/1,000 Watts
= 0.00923

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

Indirect energy savings = 0.00923 kW/ft x 3,660 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, 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 kWi/ft
= 0.03407
= 0.03407 kWit

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 COF 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, take a CDF into account.

I

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

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.
Door Heater Usage (mean) = (0.6943 amps/ft + 0.4695 amps/ft)/2
= 0.5819
= 0.5819 amps/ft
Adjust to kW = 0.5819 amps/it x 120 volts x 1kW/1,000 Watts
= 0.0698
= 0.0698 kW/it

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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impact hours

1}

0.02287

3,650 hrs/yr, from Advice Filing

Humidistat
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Indirect energy savings =

Total Energy Savings:

]

Coincident Demand Savings:

5) Summary of resulits:

0.02287 kW/ft x 3,650 hrs/yr

83.47
83.47 kWh/ft-yr

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 heat/no heat refrigeration doors.

Humidistat

This value should supersede the Advice Filing estimate.

Assume savings is distributed evenly across an entire year.

(83.47 kWh/ft-yr + 305.7 kWh/ft-yr)/(8,760 hrsiyr)
= 0.0449

0.0449 kWwW/ft

Recommend using Evaluation estimate as values reflect that not all installations will be on low heat/no heat doors.

Impact Type Impact Recommended
(per linear foot) Advice Filing Evaluation Source
NC Demand (kW) 0.0341 - 1ttt
Coinc. Demand (kW) 0.0184 0.0449 Evaluation
Annual Energy (kWh) 281 389 Evaluation
t11 Using the Evaluation methods, this value is unnecessary.
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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 Consulfting Inc.
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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 iamp 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.
EPRIt 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
(14 Watts/lamp) x (65%/95%)
9.58
9.6 Watts /lamp
[(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.

Low temperature cases, 1,500ma

Mean NC demand impact

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

1]

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:
stnd. bllst EE blist stnd. vs EE elec blist EE vs. elec EE vs. elec
# lamps type lamp watts min temp m. amps tot watts tot watts % change tot watts % change W/lamp
1 F48 60 800 75 72 4.0%
2 Fa8 60 800 140 136 2.9%
1 F72 85 800 106 102 3.8% 75 26.5% 27
1 F96 110 800 130 123 5.4% 95 22.8% 28
2 F96 110 800 250 241 3.6% 190 21.2% 26
1 F96 95 800 112 106 5.4% 80 24.5% 26
2 Fg96 95 800 216 210 2.8% 160 23.8% 25
average = 4.0% average = 23.7% 26
Listed as 4.2% in Advice Filing, possibly due to rounding.
1 F96 215 1500 230 227 1.3% 200 11.9% 27
2 F96 215 1500 470 446 51% 400 10.3% 23
1 F96 195 1500 209 206 1.4% 180 12.6% 26
2 F96 195 1500 408 404 1.0% 350 13.4% 27
average = 2.2% average = 12.0% 26
stnd. blist EE blist stnd. vs EE elec blist EE vs. elec EE vs. elec
# lamps type lamp watts min temp m. amps tot watts tot watts W saved tot watts W saved W/lamp
2 Fa8 60 -20 800 140 134 6 107 27 13.5
1 F60 74 -20 800 100 96 4 76 20 20
1 F72 85 -20 800 106 102 4 75 27 27
average = 111 5 86 25 20
2 Fa8 1186 -20 1500 241 235 51 211 24 12
1 F60 138 -20 1500 1587 153 4 138 15 15
1 F72 168 -20 1500 181 176 5 159 17 17
average = 188 5 169 19 15
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/tamp) 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 COF.
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

6) Summary of results:

Elec. Ballast

Recommend using Evaluation estimate to supersede Advice Filing estimate.

impact Type Impact Recommended
(per lamp) Advice Filing Evaluation Source
NC Demand (kW) 0.0107 0.0125 Evaluation
Coinc. Demand (kW) 0.0072 0.0125 Evaluation
Annual Energy {KWh) 88 102 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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Measure I: Insulate Bare Suction Line

Measure Provides an incentive for customers with small stores to insulate
Description: bare suction lines.

Summary of Advice Energy impacts were determined using ASHRAE algorithms which
Filing Calculations:  incorporate radiant and convective heat transfer. No demand
impacts were calculated.

Comments on The method used to develop energy impacts appears valid.
Advice Filing Review of the measure indicates that there are demand savings
Calculations: associated with insulating bare suction line.

Comments on Inputs used are consistent with values from the ASHRAE
Advice Filing Fundamentals Handbook.

Inputs:

Evaluation Process:  Energy impacts were calculated using the ASHRAE method.
Demand impacts were assumed to be spread evenly across an
entire year.

Additional Notes: The Evaluation and Advice Filing energy impacts differ by just a
small rounding error.
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Ins. Suction

I. Insulate Bare Suction Line

2/2/97

1) Provides an incentive for smaller customers to insulate bare refrigeration suction lines.

Rebate is only available for pipes with 1.5" diameter or less, and must be instalied on old equipment.
Insulation decreases heat load to compressor, lowering compressor operating hours.

2) Ex-ante calculation assumptions:

Temp of superheat at exit of evaporator is 15 F.

Average coil to compressor rise is 5 F.

Low temp suction temperature is -20 F, so vapor temperature is 0 F.

Med temp suction temperature is 15 F, so vapor temperature is 35 F.
The language used above is not consistent with a refrigeration cycle.
Assume that there is a 20 F rise in temp from expansion valve to the compressor.
For ease of calculation this temp increase is assumed to be instantaneous at the point where the suction line
leaves the display case.

Compressor operates 4,960 EFLH.

Average indoor temp. is 75 F.

Average wind speed is 0.5 mph (44 fpm, ASHRAE 1989 Fundamentals, p.13.9)
ASHRAET p.13.9 simply lists a range of 0-100 fpm. 44 fpm is in this range.

Med temp. compressor efficiency, 7.5 EER

Low temp. compressor efficiency, 5.0 EER

80% of participation is for med temp. cases, 20% for low temp. cases.

Low temp. insulation is 1" thick.

Med temp. insulation is 3/4" thick.

Conductivity (k value) of insulation is 0.27 Btu-in/hr-sqft-F

Pipe Diameter Insulation Radius (1") Insulation Radius (3/4")
Nominal Actual Surface Inside Surface Inside
0.38 0.500 1.19 0.26 0.96 0.26
0.50 0.625 1.44 0.32 1.16 0.32
0.75 0.875 1.44 0.45 1.19 0.45
0.10 1.125 1.44 0.57 1.22 0.57
1.25 1.375 1.75 0.70 1.49 0.70
1.50 1.625 1.75 0.82 1.52 0.82

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

3) Advice Filing Estimates:

All sample calculations are for a 1.5" nominal diameter copper pipe with 3/4" of insulation.
Calculate bare pipe convective heat transfer:

From ASHRAEt p.22.15

hev = C x {(1/d)M0.2] x [(1/tave)r0.181] x (Atr0.266) x [1 + 1.277(wind)]*0.5
where:
hcv = heat transfer coefficient, Btu/hr-sqft-F

C = constant, 1.016 for horizontal cylinders (ASHRAEYt p.22.15)

d = diameter of pipe, inches
tave = average temp of air film, F assumed to be 55 F from Advice Filing p.RF-48

At = surface to air temp difference, F (assume surface temp to be same as vapor temp)

wind = air speed, mph

1.016 x [(1/1.625in)10.2] x [(1/55)0.181] x [(75F - 35F)*0.266] x {1 + 1.277(0.5mph)j*0.5
1.524
1.524 Btu/hr-sqft-F

1}

Calculate bare pipe radiant heat transfer:

From ASHRAET p.22.15
hrad = {(e x 0.173 x 107(-8) x [(ta + 459.6)"4 - (is + 459.6)"d]}/(ta-ts)
where:
hrad = radiant heat transfer coefficient, Btu/hr-sqft-F
e = surface emittance, (0.44 for dull pipe, ASHRAET p.22.18)
ta = air termperature, F
ts = surface temperature, F {assume to be same temp as vapor temp)

{(0.44 x 0.173 x 10M-8) x [(75 F + 459.6)™ - (35 F + 459.6)M}}/(75 F - 35 F)
0.415550322
= 0.4156 Btu/hr-sgft-F

Total bare pipe heat transfer:

= hrad + hev

1.524 Btu/hr-sqft-F + 0.4156 Btu/hr-sqft-F
1.93986

= 1.94 Btu/hr-sgft-F

Calculate insulated pipe heat transter:

From ASHRAEt p.208
qs = (ti - ts)/{[rs x In(rs/ri)/k] + Rs}
where:
gs = rate of heat transfer per unit area of insulation's outer surface, Btu/hr-sqft
ti = temperature of inner surface, F (assume to be same temp as vapor temp)
ts = temperature of outer surface, F
k = thermal conductivity of insulation, Btu-in/hr-sqft-F
0.27 Btu-in/hr

H

Page 33

9:47 PM



Ref Measures A-J

2/2/97

Rs =

1!

qs

Ins. Suction

surface resistance, F-sqft-hr/Btu

To correct for ambient temp incorporate surface resistance, Rs = 0.65 F-sqft-hr/Btu
1/{[1.52 in x In{1.52 in/82 in)/0.27 Btu/hr-sgft-F] + (0.65 F-sqft-hr/Btu)}
0.242460133

0.242 Btu/hr-sgft-F

Calculate Heat Gain for Bare Pipe:

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

32.98 Btu/hr-ft

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

Calculate Heat Gain for Insulated Pipe:

I

(htot, Btu/hr-sqft-F) x At x (area, sqft)
0.24 Btu/hr-sgft-F x 40 F x 0.796 sqft/ift
7.76896

7.77 Btu/hr-ft

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

Energy Savings:

EER =

Adjust to kWh

Assume all heat gains are directly proportional to increased demand for the compressor.
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
16,672

16,672 Watt-hr/ft-yr x 1 kW/1,000 Waltts

16.672

16.672 kWhift-yr

Neither coincident nor non-coincident demand savings were calculated.

4) Evaluation Estimates:

Pipe Diameter (in) Circum. sqft per Insulation Radius (1")

Nominal Actual (in) linear foot Surface Inside Circum (in) area per ft
0.38 0.500 1.571 0.131 1.19 0.26 7.477 0.623
0.50 0.625 1.963 0.164 1.44 0.32 9.048 0.754
0.75 0.875 2.749 0.229 1.44 0.45 9.048 0.754
0.10 1.125 3.534 0.295 1.44 0.57 9.048 0.754
1.25 1.375 4.320 0.360 1.75 0.70 10.996 0.916
1.50 1.625 5.105 0.425 1.75 0.82 10.996 0.916
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Ins. Suction
Recreated using data from Advice Filing, p.RF-50.
Pipe Diameter (in) Circum. sqaft per Insulation Radius (3/4")
Nominal Actual (in) linear foot Surface Inside Circum (in) area per ft
0.38 0.500 1.571 0.131 0.96 0.26 6.032 0.503
0.50 0.625 1.963 0.164 1.16 0.32 7.288 0.607
0.75 0.875 2.749 0.229 1.19 0.45 7.477 0.623
0.10 1.125 3.534 0.295 1.22 0.57 7.665 0.639
1.25 1.375 4.320 0.360 1.49 0.70 9.362 0.780
1.50 1.625 5.105 0.425 1.52 0.82 9.550 0.796

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

Calculate convective and radiant heat transfer from bare pipe:

Pipe Diameter (in) Medium Temperature (Btu/hr-sqgft-F) Low Temperature (Btu/hr-sqft-F)
Nominal Actual hev hrad htot hcv hrad htot
0.38 0.500 1.930 0.416 2.345 2.281 0.376 2.657
0.50 0.625 1.845 0.416 2.261 2.181 0.376 2.557
0.75 0.875 1.725 0.416 2.141 2.039 0.376 2.415
0.10 1.125 1.641 0.416 2.056 1.939 0.376 2.315
1.25 1.8375 1.576 0.416 1.992 1.863 0.376 2.239
1.50 1.625 1.524 0.416 1.940 1.802 0.376 2.178

All sample calculations are for a 1.5" nominal diameter copper pipe with 3/4" of insulation.

Calculate Heat Gain for Bare Pipe:

= (htot, Btu/hr-sqft-F) x At x (area, sqft)
1.94 Btu/hr-sqgft-F x 40 F x 0.425 sqft/ft
32.98
32.98 Btu/hr-ft
Advice Filing, p.RF-48 lists 32.93 Btu/hr
Difference due to rounding.

i

Calculate insulated pipe heat transfer:
From ASHRAETt p.208
gs = (ti - ts)/frs x In(rs/ri)/k]
where:

gs = rate of heat transfer per unit area of insulation's outer surface, Btu/hr-sqit
temperature of inner surface, F (assume to be same temp as vapor temp)

ti

]

ts = temperature of outer surface, F
k = 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 ASHRAEt Fig.6, p.22.15
If gs = 11.513, Rs = 0.72
gs = (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
= -9.536549009
= 9.537 Btu/hr-sqft

Calculate Heat Gain for Insulated Pipe:

(gs, Btu/hr-sqft) x sqft/ft

9.537 Btu/hr-sqft x 0.796 sqft/ft
7.591452

7.591 Btu/hr-ft

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

Adjust to kWh

Ins. Suction

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

16,791

1

]

i}

16.791
= 16.791 kWh/ft-yr
Advice Filing lists

Coincident Demand Savings:
Assume that savings are spread evenly across an entire year.

0.00192
= 0.00192 kw

16.67 kWh/ft-yr

(16.791 kWh/ft-yr)/8,760 hrs/yr

16,791 Watt-hr/ft-yr x 1 kW/1,000 Watts

[(32.98 Btu/hr-ft) - (7.591 Btu/hr-ft)] x (1/7.5 Btu/Watt-hr) x 4,960 EFLH

Low Temperature Estimates

Nominal Pipe Unadjusted qs | Heat Gain (bare) Heat Gain (ins) Energy Savings | Demand Savings

Diameter (in) (Btu/hr-sqgft) (Btu/hr-ft) (Btu/hr-ft) (kWh) (kW)
0.38 5.967 26.084 6.269 19.656 0.002244
0.50 4.986 31.384 6.447 24.738 0.002824
0.75 6.448 41.498 8.132 33.099 0.003778
0.10 8.093 51.147 9.833 40.884 0.004667
1.25 6.735 60.453 10.274 49.778 0.005682
1.50 8.141 69.491 12.134 56.898 0.006495

Average = 6.73 Average = 37.51 0.00428
Rs= 0.75
Medium Temperature Estimates

Nominal Pipe Unadjusted gs | Heat Gain (bare) Heat Gain (ins) Energy Savings | Demand Savings

Diameter (in) (Btu/hr-sgft) (Btu/hr-ft) (Btu/hr-ft) {kWh) (kW)
0.38 8.612 12.279 3.748 5.642 0.000644
0.50 7.229 14.798 3.885 7.217 0.000824
0.75 9.333 19.616 4.979 9.680 0.001105
0.10 11.633 24.225 6.144 11.957 0.001365
1.25 9.595 28.678 6.383 14.745 0.001683
1.50 11.513 33.011 7.590 16.812 0.001919

Average = 9.65 Average = 11.01 0.00126
Rs=0.72

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:

§) Summary of results:

Ins. Suction

= (80% x 0.00126 kW) + (20% x 0.00428 kW/yr)
0.001864
= 0.00186 kW/yr

Impact Type Impact Recommended
(per _linear foot) Adyvice Filing Evaluation Source
NC Demand (kW) - -
Coinc. Demand (kW) - 0.00186 Evaluation
Annual Energy (kWh) 16.02 16.31 Evaluation

6) Sources:

+ ASHRAE Handbook, "Fundamentais"; American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.

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

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

Summary of Advice Energy and demand impacts are based upon average system-wide
Filing Calculations:  savings as reported by EPRI.

Comments on Review of the Advice Filing estimates indicate that the effects of
Advice Filing ambient and mechanical subcooling were included in the impact
Calculations: estimate. Program documentation, however, does no t specify
subcooling as a necessary component of the multiplex system.
Comments on While the inputs are substantiated by the cited documentation, the
Advice Filing inclusion of ambient and mechanical subcooling impacts is not
Inputs: consistent with the policy and procedures for the measure.

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

Additional Notes: 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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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.180, cites energy savings of13.7% for a monitored Safteway store.

3) Advice Filing Estimates:
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
Annual Energy Savings = (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)
,516

=1
= 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 kWi/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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Multiplex Comp.

The Advice Filing back calculates the non-coincident demand savings value by applying a 0.54 CDF
= (0.375 kWr/ton) x (1/0.54 CDF)
= 0.694
= 0.684 kWiton
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4) Evaluation Estimates:
Energy Savings:
Baseline energy use, conventional system = 2,141 kWh/day EPRI* Table 3-4, p. 3-7
Daily Energy Savings = 12.1% x 2,141 kWh/day
=259
EPRI* Table ES-5, p. ES-17 indicates that a multipiex 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 fioating head pressure system was done, however this woulid 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.

2/2/97 Page 41 9:47 PM



Ref Measures A-J

2/2/97

Multiplex Comp.
8) Summary of Results:
Impact Type Impact Recommended
{per ton) Advice Filing Evaluation Source
NC Demand (kW) 0.694 0.283 Evaluation
Coinc. Demand (kW) 0.375 0.160 Evaluation
Annual Energy (kWh) 1,516 1,404 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.
1 Shepherd, Michael, Amory Lovins, et al. 1990. *The State of the Art; Appliances,” Competitek, Rocky Mountain Institute, Snowmass, CO, August.
11 LBL 1985. Usibelli, A., et al. :Commercial Sector Conservation Technologies,” Lawrence Berkeley Laboratory, LBL 18543, Berkeley, CA February.

Page 42

9:47 PM



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.
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K. Electronic Adjustable Speed Compressor

1) Provides an incentive to install a controlier to convert an existing fixed speed compressor to an adjustable speed compressor,
or replace an existing compressor with a compressor that has an adjustabie 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 kWhiyr-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)/(8,76C hrs/yr)
= 0.0587
= 0.0587 kW/hp

5) Summary of resuits:

r Impact Type | Impact Recommended
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ASD

{(per horsepower) Adpvice Filing Evaluation Source
NC Demand (kW) - - -
Coinc. Demand (kW) - 0.0587 Evaluation
Annual Energy (kWh) 462.5 513.9 Evaluation
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Measure M: Mechanical Subcooler

Measure
Description:

Summary 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.

Quantum Consulting Inc.
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M. Mechanical Subcooler

2/2/97

Subcooler (mech)

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) 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.

3) Advice Filing Estimate:

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

Analysis Method:

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.

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 fiow 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.

Caicuiations completed for various refrigeration system sizes, and an average value was used to determine impacts per year-ton.
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Analysis Results:

4) 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:

2/2/97

Subcooler (mech)

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

Impact Type impact Recommended
(per ton) Adpvice Filing Evaluation Source
NC Demand (kW) 0.6088 - Advice Filing
Coinc. Demand (kW) 0.3288 - Advice Filing
Annual Energy (kWh) 589.7 - 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.
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Ref Measures K-T Floating Head

N. Floating Head Pressure Control

1) Retrofit allows the condensing temperature (CT) to "float" below a conventionai 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 halocarbon, 60 F for ammonia

2) Ex-ante caiculation assumptions:
Typical setting for CT is 82 degrees for halocarbon systems
Typical setting tor CT is 78 degrees for ammania systems
Ambient temperatures will only be cold enough in the winter months, halt 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 6% of compressor use
Energy savings is assumed to be the same for ammonia and halocarbon systems

3) Advice Filing Estimates:
Energy Savings:

[}

{0.06"9,137 kWhiyr-ton)

= 548.220

= 548 kWh/yr-ton

Using 8,141 kWh/yr-ton does not change this value.

Demand Savings:_
ENo demand savings as thers is no "fioating” uniess ambient temperatures are low. J

4) Evaluation Estimates:
Estimates for energy savings associated with floating head pressure range trom 2% {EPR! CU-6268° p.ES-15) to 15% (LBLT p.3-8).
Review of all sources indicates that the value used in the Advice Filing is a conservative one, and is substantiated
by the reterences cited.

§) Summary of resuits:

Impact Type Impact Recommended
(per_ton) Advice Filing Evaluation Source
NC Demand (kW) - - Advice Filing
Coinc. Demand {kW) - - Advice Filing
Annual Energy (kWh) 548 - Advice Filing

§) Sources:

* Walker D., EPRI Report CU-6268, "Superrnarket Refrigeration Modeling and Field Demonstration”. Prepared for the Electric Power Research Institute,

Palo Alto, CA. Foster-Miller, Inc. Witham MA. March 1989

1 Usibelli, et al. LBL-18543, "Commaercial-Sector Conservation Technologies”. Prepared for Pacific Gas and Electric 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:

Quantum Consulting inc.

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 assurned 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.

Conven 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]
=75
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, V1t 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
gt= 3,790 x W x H*M.5 x {(Q/A) x (1/R) x Dt x Dt

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
Dt = door flow factor

This version of the equation excludes an important parameter that should be retained for calculations.
qt= 3,790 x W x HM.5 x (Q/A) x (1/R) x Dt x Df x (1-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 infiitration.

Demand savings for coolers:

Dt = 5,750 hrs/8,760 hrs
Df = (0.80 flow factor x 3% savings assumption)
Q/A = 0.155 tons/sqft

R= 0.59
qt= 3,790 x 2ft x (67 .5ft) x (0.155 tons/sqft) x (1/0.59) x (5,750 hr/8,760 hr) x (0.80 x 0.03)
= 461
Demand Savings = (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/sqgft

R= 0.63
qt= 3,790 x 2ft x (671.5ft) 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 kWi/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.RF-74 lists 1,035 kWh.

Difference is due to using 0.345 kW instead of 0.346 kW

Non-coincident Demand Savings:

2/2/97

(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 Savings:

0.179 kW x 0.54 CDF
0.097
0.097 kW

5) Evaiuation Estimates:

The equation used in the Advice Filing excludes an important parameter that should be retained for calculations.

qt= 3,790 x W x HM.5 x (Q/A) x (1/R) x Dt x Df x (1-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:
Dt= 1.0
The impact is initially calculated with the assumption that the impact is for an entire hour.
Dt = 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.

gt= 3,790 x 3ft x (7~1.5ft) x (0.16 tons/sgft) 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 (1.6 -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 (77.5ft) x (0.61 tons/sqft) x 1.0 (1/0.63) x (0.80 flow factor) x (1 - 97%)
4,893
(4,893 Btu/h) x (1ton-hr/12,000 Btu) x (2.4 kW/ton)
0.879
= 0.979 kW
Again, this impact is for an entire hour.

NC Demand Savings

Total Non-coincident Demand Savings:
= (0.183 kKW 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 - 1,651 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.

1]
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Ref Measures K-T

2/2/97

Coincident Demand Savings:

6) Summary of results:

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

Door Gasket

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.

Impact Type Impact Recommended

(per walk-in) Advice Filing Evaluation Source
NC Demand (kW) 0.180 0.342 Evaluation
Coinc. Demand (kW) 0.097 0.239 Evaluation
Annual Energy (kWh) 1,035 2,091 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, 1982.

* ASHRAE Handbook, “Refrigeration Systems and Applications"; American Society of Heating, Refrigerating and Air-Canditioning 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.

Quantum Consulting inc.
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Auto-Closer

P. Auto-Closer for Cooler or Freezer

2/2/97

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

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

1

Freezer performance factor = 2.4 kW/ton

I}

1/[2.4 kW/ton x (1 ton/12,000 Btuh) x 1000 Watts/kW)]
=50

5.0 EER (Btuh/Watt)

Both performance factors are reasonable.

EPRI TR 100894, V11 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
gt= 3,790 x W x HA.5 x (Q/A) x (1/R) x Dt x Dt

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
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Ref Measures K-T Auto-Closer

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

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 (1/R) x Dt x Df x (1-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

2/2/97

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
gt= 3,790 x 2ft x (671.5ft) x (0.155 tons/sqft) x (1/0.59) x (1,915 hr/8,760 hr) x (0.80 x 0.20)
= 1,024
Demand Savings = (1,024 Btu/h) x (1ton-hr/12,000 Btu) x (1.6 kW/ton)
= 0.137
= 0.137 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 (671.51t) x (0.62 tons/sqft) x (1/0.863)" 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 hriyr
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 HA1.5 x (Q/A) x (1/R) x Dt x Df x (1-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/sqgft 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 samae, 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 (771.51t) x (0.16 tons/sqft) x 1.0 x (1/0.59) x (0.80 flow factor) x {1 - 80%)
= 9,137

(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.

NC Demand Savings

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

gqt= 3,790 x 3ft x (771.5f1) 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 = (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.

Annual Energy Savings

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 COF need not be applied.

= 2.279 x (1,551 hrs door ajar)/6,205 hrs door potentially ajar
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]

0.570
0.570 kW
Evaluation Estimate should supersede Advice Filing value.
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6) Summary of results:

Auto-Closer

Impact Type Impact Recommended
(per walk-in) Advice Filing Evaluation Source
NC Demand (kW) 1.203 2.279 Evaluation
Coinc. Demand (kW) 0.650 0.570 Evaluation
Annual Energy (kWh) 2,304 3,535 Evaluation

7) Sources:

2/2/197

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.

* 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.

Quantum Consulting Inc.
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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 evaporalors operate just 4,380 hr/yr.
Uncontrolied 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 controlied 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 Watt5 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:

= 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 ClA Policy and Procedures (p.4.1-54) 30 Watts is the maximum power draw when the pan is empty.

{(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

4) 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:
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2/2/97

5) Summary of resuits:

See Advice Filing.

Condensate Evap.

Impact Type Impact Recommended

_(per unit) Adyvice Filing Evaluation Source
NC Demand (kW) 0.188 - Advice Filing
Coinc. Demand (kW) 0.102 0.188 Evaluation
Annual Energy (kWh) 1,681 - 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.

Quantum Consulting Inc.
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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%

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 kWijton

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, fult 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.

§) Summary of Results:

2/2/97

Impact Type impact Recommended
(per ton-F) Advice Filing Evaluation Source
NC Demand (kW) 0.0144 - Advice Filing
Coinc. Demand (kW) 0.0078 0.0081 Evaluation
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Ref Measures K-T Ovrsiz Cond (air-cooled)

|Annual Energy (kwh) | 71.38 [ - | Advice Filing |
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Ref Measures K-T

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

It

0.04476

0.04476 kWi/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

5) Summary of Resuits:

]

0.0043

0.0043 kW/ton-F

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

Ovrsiz Cond (halocarbon)

Impact Type Impact Recommended
{per ton-F) Advice Filing Evaluation Source
NC Demand (kW) 0.0075 - Advice Filing
Coinc. Demand (kW) 0.0041 0.0043 Evaluation
Annual Energy (kWh) 37.25 - Advice Filing

2/2/97
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Ref Measures K-T Ovrsiz Cond (ammonia)

1984. 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:

% Participation Full Load Hours/yr Weighted
Industrial 0.35 2,340 819
Dist. Warehouse 0.15 4,960 744
Fruit Cold Storage 0.30 3,720 1,116
Fruit Hydrocoolers 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 kWi/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 x 0.54)
= 0.0051
= 0.0051 kW/ton-F

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 kWi/ton-F.
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Ref Measures K-T

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).

Ovrsiz Cond (ammonia)

(0.0075 kWiton-F x 1.25)

0.0094
0.0094 kWi/ton-F

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

Coincident Demand Savings:

Energy Savings:

6) Summary of Resuits:

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 kWi/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.

(0.0094 kWhon-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 repreducible.

Impact Type Impact Recommended
(per_ton-F) Advice Filing Evaluation Source
NC Demand (kW) 0.0094 0.0094 Advice Filing
Coinc. Demand (kW) 0.0051 0.0032 Evaluation
Annual Energy (KWh) 28.19 28.23 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 191% greater than the Advice
Filing estimate.

Quantum Consulting Inc.
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Ref Measures K-T EE Motors (display)

1993. Energy-Efficient Evaporator Motors: Display Case

2/2/97

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 kwift x 33%
0.0088
0.0088 kWit

Energy Savings:

Direct Energy Savings:

= 234 kWh/yr-ft x 33%
77.22
= 77.22 kW/yr-ft

Indirect Energy Savings:
Case Load Reduction = 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 Filingt lists 30.081 kw/ft. Difference assumed to be rounding.

Adjust to kWh = 30.0432 Btuh/ft x 8,760 hrsfyr x {{(1/5.0 Btuh/Watt) x 50%]} + [(1/7.5 Btuh/Watt) x 50%]} x 1 kW/1,000 Watts

= 43.86
= 43.86 kWh/yr-ft
Advice Filingt 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
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Ref Measures K-T EE Motors (display)

Coincident Demand Savings:

= 0.0088 kW/ft x 0.54 CDF
0.00475
= 0.00475 kW/ft
Though the Advice Filingt 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 (121.22 kWh/ft-yr)/(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%

30.0432

30.0432 Btuh/ft

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
0.00501

= 0.00501 kw/ft

1}

Total Demand Savings:

0.0088 kW/ft + 0.00501 kW/ft
0.0138

= 0.0138 kWw/ft

Energy Savings:
See Advice Filing estimate.

5) Summary of Results:

Impact Type Impact Recommended
(per linear foot) Advice Filingt Evaluation Source
NC Demand (kW) 0.0088 - 1ttt
Coinc. Demand (kW) 0.00475 0.0138 Evaluation
Annual Energy (kWh) 121.22 - Advice Filing

111 Using the Evaluation methods, this value is unnecessary.

6) Sources:

1 Advice Filing for the 1994 Retrofit Express Program; PG&E, October, 1993.

2/2/97
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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.
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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 kVA/hp, according to Advice Filingt 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 Filingt 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 kVA/hp x 60%) - (2.10 kKVA/hp x 95%)
0.681
0.681 kW/hp

Energy Savings:
F 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

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 kW/1,000 Watts
2,389.66

2,390 kWh/yr-ft

Adjust to kWh

Total Energy Savings:
5,965.56 kWh/yr-hp + 2389.66 kWh/yr-hp
8,355.22

It

"
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Ref Measures K-T EE Motors (walk-in)

L = 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/1,000 Watts
0.2728

= 0.273 kWrhp

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 Recommended
{per horsepower) Advice Filing Evaluation Source
NG Demand (kW) 0.681 - 1t
Coinc. Demand (kW) 0.386 0.954 Evaluation
Annual Energy (kWh) 8,355.22 - Advice Filing

Tttt Using the Evaluation methods, this value is unnecessary.

6) Sources:
t 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 Grocary #37 ASD measure (#1) savings

Summary Calculated Savings Attachment 7 Savings
Usage by Measure Dermard Energy Dewnand Eneray
Baselins 150,754 - . .

15.00 25,732 3.00 125,022 Q.00 125,022

Measure #1
Measure #2 15.00 25,732 - - - .
Measure #3 15.00 25,732 - - - -

Brief analysis of Grocery #37 condenser measure (¥2) savings:

Summary Refrigeration Compressors A/C Comprassors Condenser Fans Total Calculated Savings Attachment 7 Savings
Usage by Measure! DOermand Energy Demexd Energy Demand Energy Demand Energy Demand Energy Dermand Eneryy ]
Baseline 73.00 448,248 20.00 9.624 9.00 26,541 102.00 484,413 - - - .
Maasure #1 73.00 448,248 20.00 9,624 8.00 26,541 101.00 484,413 - - - -
Measurs #2 73.00 412,969 20.00 3,165 9.00 67.082 102.00 483,216 -1.00 1,197 2.00 1,198
Meaasurs #3 6700 368.868 20.00 4.774 9.00 £4,254 96.00 437 8986 - - i -

Brisf analysis of Grocery #37 EMS measure (#3) savings:

Refrigeration Compressors A/C Compressors Condenser Fans lce Cream LT#1 LTw2 MTa1 MT#2 Lighting Total Calcuiated Savings Attachment 7 Savings
Demand Energy Demand Energy Demand Energy Energy Energy Energy Ener, Energy Eneray Demand Energy Demend Enerqy Demand Ener,
Maasure #2 73.00 412,969 20.00 3,165 95.00 67,082 10,750 120,867 34,775 30,366 30,660 194,909 102.00 905,543 - - - -
Measure ¥#3 67.00 368,868 20.00 4,774 9.00 84 254 5. 667 65,6893 29,352 16,788 29,486 109 638 9€.00 694 815 §.00 211,028 8.00 211,027

Brief analysis of Grocery #37, summary of measure savings:

Summary Calculated Summary Savings

Usage by M Demand Energy
Baseline . .
Measure #1 3.00 125,022
Measura #2 -1.00 1,197
[Measure #3 6.00 211,028

Brief analysis of Grocery #37 summary of total savings:

y L Total Level Caiculated Savings Attachment 7 Level Calculated Attach 7 Savings
¥} Measure;  Demand Ener Demard Energy Deormand Energy Demarc Energy
Basaline 240.00 1.487,219 - - 240.00 1,487,219 - -
Measure #1 ' 236.00 1,344,106 4.00 143,113 240.00 1,344,106 0.00 143,113

Measure #2 237.00 1,342,910 -1 00 1,198 237.00 1,342,910 3.00 1.198
Measure #3 ‘ 231.00 1,131,883 8.00 211,027 231.00 1,131,883 6.00 211,027




Brief analysis of Grocery #51 ASD measure (#1) savings:

Supply Fan Calculated Savings Attachment 7 Savings

{ ._Demand Energy Demand Energy Demand Energy
14.00 120,672 - - - -

14.00 23,205 0.00 97,467 0.00 97,467
14.00 23,205 - . - -
14.00 23,208 - - - -

Brief analysis of Grocery #51 condenser measure (#2) savings:

Refrigeration Compressors A/C Compressors Condenser Fans Total Calcuiated Savings Attachment 7 Savings
Demand Enel Dernanedt Energy Demand Energy Demand Enargy Demand Epergy Demand Energy
56.00 339,933 17.00 15,149 16.00 63,758 89.00 418,840 - - - -
Measure #1 56.00 339,933 17.00 15,149 15.00 63,758 88.00 418,840 - - - -
Measure #2 56.00 307,456 16.00 12,765 11.00 86,582 83.00 408,803 5.00 12,037 6.00 12,037
Measure #3 53.00 283 836 16.00 12,765 11.00 83,978 80.00 380,579 . - - -

Brief analysis of Grocery #51 EMS measure (#3) savings:

Refrigeration Compressors A/C Compressors Condenser Fans Ico Cream LT#1 LT#2 MT#2 Lighting Total Calculated Savings Attachiment 7 Savings
Demand Energy Demand Energy Dermend Energy Energy Energy Ensrgy Energy Energy Demand Enerqy Demand Energy Demand Energy |
Maasure #1 - - - -
Measure #2 56.00 307,458 16.00 12,765 11.00 8§.582 17,608 23,196 68,9684 66,839 172,412 83.00 755,822 - - - -
Measurs #3 53.00 283,836 16.00 12.765 11.00 83,878 9.767 12,836 41,873 44,559 133,287 80.00 622,911 3.00 132,911 3.00 132,911
Brief analysis of Grocery #51, summary of measure savings:
Calculated Summary Savings
Demand Energy
Baseline - .
Measure #1 0.00 97.467
Measure #2 5.00 12,037
Moasure #3 3.00 132,911
Brief analysis of Grocery #51 summary of total savings:
Total Level Calculated Savings Anttlachment 7 Level Calculated Attach 7 Savings
Ener Demand Energy Demend Energy Demand Energy
221.00 1,356,554 - - 221.00 1,358,554 - -
Measure #1 220.00 1.259,087 1.00 87.487 221.00 1,259,087 0.00 97,467
Maasurs #2 214 00 1,247,049 8.00 12,038 214.00 1.247,049 7.00 12,038
Measure #3 211.00 1,114,138 3.00 132,911 211.00 1,114,138 3.00 132,911




Revisions based upon an upd {3/15/95) spreadshest within this applcation

Brief analysis of Grocery #63 ASD measure (#1) savings:

Summary Supply Fan Caiculated Savings Attachment 7 Savings
Usage by Measure Demand Energy Dernand Energy Demand Energy

Baseline 18.00 150,840 - - - -
Measure #1 17.00 31,588 1.00 119,242 0.00 118,242
Measure #2 17.00 31,598 - - - -
Measure #3 17.00 31,598 - - -

Brief analysis of Grocery #63 condenser measure (#2) savings:

Summary Refrngeration Compressors A/C Compressors Condenser Fans Total Calcuiated Savings Attachment 7_Savings
Usay Measure Demand Energy Demand Energy Domend Energy Demend Energy Demand Energy Demand Energy
Baselina 75.00 460,446 20.00 16,171 16.00 30,435 111.00 507,052 - - - -
Maasure #1 75.00 460,448 20.00 16,171 8.00 30,435 103.00 507,052 - - - -
Measurs #2 78.00 402,479 18.00 7.782 7.00 57,732 101.00 467,993 2.00 35,059 10.00 39,069
Measure #3 72.00 375,809 16,00 7,782 7.00 56,343 95.00 438,934 - - - -

Briet analysis of Grocery #63 EMS measure {#3) savings:

Summary Refrigeration Compressors A/C Compressors Condenser Fans lce Cream LT#1 MT#1 MT#2 Lighting Total Cakulated Savinas Attachment 7 Savings
(3] Maasure Demand Energy Demand Energy Dermand Energy Energy Energy Energy Energy Energy Demand Energy Demand Energy Dermand Energy
Bassline 0.00 0 - - - -
Measure #1 0.00 o - - - -
Measure #2 78.00 402,479 16.00 7.782 7.00 57,732 11,257 14,191 156,103 78,525 163,418 101.00 881,487 - - - -
Measure #3 72.00 375,809 16.00 7.782 7.00 56,343 9,475 9.811 115,422 52,350 115,847 95.00 742,839 6.00 138,648 .00 138,648

Brief analysis of Grocery #63, summary of measure savings:

Summary Lalgulated Summary Savings
Usage by Measure Demand Energy

Baseline - -

Measure #1 1.00 119,242
Measure #2 2.00 39,059
Maasure #3 6 Q0 138,648

Brief analysis of Grocery #63 summary of total savings:

Total Level 1 Calculated Savings Attachment 7 Level
Demand Energy Oemand Energy Demand Energy
Basealine 242 .00 1,563,010 - - 242.00 1,663,010 -
Measure #1 234.00 1,443,768 8.00 119,242 242.00 1,443,768 119,242
Measure #2 232.00 1,404,709 2.00 39,059 232.00 1,404,709 10.00 39,059
Measure #3 226.00 1,288,081 6.00 138.648 228.00 1,266,061 6.00 138,648




Brief analysis of Grocery #73 ASD measure (#1) savings:

Summary Supply Fan Cakulated Savings Attachment 7 Savings
Usage by Measure| _Dermand Eneray Demand Energy Demend Eneray
Baseline 18.00 150,516 | - - E -
Measure #1 17.00 45,312 1.00 105,204 0.00 105,204
Measure #2 17.00 45.312 - - -
Measure #3 17 00 45,312 - - -
Brief analysis of Grocery #73 condenser measure (#2) savings

Summary Relrigeration Compressors AIC Compressors Condenser Fans Total Calculated Savings Attachment 7 Savings
Usage by Measure|  Dermand Energy Demand Energy Demend Energy Demand Energy Demand Energy. Demand Energy
Baseline 136.00 698,552 17.00 15,585 16.00 69,138 169.00 783,275 - - - -
Measure #1 136.00 698,552 17.00 15,5685 18.00 69,138 189.00 783.275 - - - -
Measurs #2 133.00 632,041 14.00 7.252 16.00 98,489 163.00 737.782 6.00 45,493 6.00 45,483
Measurs #3 129.00 603,447 17.00 8,322 18.00 95,555 162.00 707.324 - - N -
Brief analysis of Grocery #73 EMS measure (#3) savings:

A/C Compressors Condenser Fans Ice Craam LT#1 LT#2 MT#1 MT#2 Lighting Total [ Calculated Savings Attachment 7 Savings
Demand Energy Demend Erergy ) Energy Energy | Energy | Energy | Energy _Energy Energy Demand Eneray. Demand Energy |

Measurs #2 133.00 632,041 14.00 7,252 16.00 98,480 83,395 36,792 169,331 353,831 163.00 1,381,131 - - - -
Measure #3 129.00 603,447 17.00 8,322 16.00 95,555 655,597 24,528 112,887 270,156 162 00 1,170,492 1.00 210 639 1.00 210,639
Brief analysis of Grocery #73, summary of measure savings:

Summary Calculated Summary Savings
Usage by Measure| Demand Energy
Basatine - -
Measurs #1 1.00 105,204
Measure #2 8.00 45,453
Measura #3 1.00 210,839
Brisf analysis of Grocery #73 summary of total savings:

y | Total Level Calculsted Savings Attachment 7 Level Calculated Attach 7 Savings

Usai Measure| _ Demand Enel Demand Energy Demand Energy Demeand Energy
Baseline 332 00 2,153,212 - - 332.00 2,153,212 - -
Measure #1 3a3t.00 2.048,008 1.00 105,204 332.00 2,048,008 4.00 105,204
Measure #2 326.00 2,002,515 5.00 45,493 326.00 2,002,515 6.00 45,493
Measure #3 325.00 1,791,876 1.00 210,639 325.00 1,791,876 1.00 210,639




Brie! analysis of Grocery #75 ASD measure (#1) savings:

Surmmary Sy, Fan Calculated Savings Attachment 7 Savings
Usag Measure Demand Energy Demand Ensrgy Dermand Energy
Baseline 18.00 150,840 - - - -
Measure #1 17.00 31,058 1.00 119,782 0.00 119,782
Measure #2 17.00 31,058 - - - -
Measure #3 17.00 31,058 - - - -

Brief analysis of Grocery #75 condenser measura (#2) savings:

Summary Refrigeration Compressors A/C Compressors Condenser Fans Total Calculated Savings
Usage by Measure Demand Energy Demand Energy Demand Energy Demand Energy Demand Energy
Bassline 80.00 514,279 18.00 16,058 16.00 31,0089 114.00 561,436 - -
Measure #1 80.00 514,279 18.00 16,058 12.00 31,0889 110.00 561,436 - -
Measure #2 83.00 437,470 15.00 8.439 11.00 69,484 109.00 515,393 1.00 46,043
Measurg #3 83.00 410,836 15.0Q 8,439 11.00 67,447 109.00 486,722 - -

Brief analysis of Grocery #75 EMS measure (#3) savings

Summary Aefrigaration Compressors A/C Compressors Condenser Fans Ice Cream LT#1 MT#1 MT#2 Lighting Total Calculated Savings
Usage by Measure Demand Energy Demend Energy Dermand Energy Energy Energy Energy Energy Energy Dermerd Energy Dermand Energy
Baseline - - - -
Msasurs #1 - - - B
Measure #2 83.00 437,470 15.00 8,439 11.00 69,484 28,926 312.382 88,441 97,324 301,938 109.00 1,344,404 - -
Measure #3 83.00 410,836 15.00 8,439 11.00 67,447 15.,23¢ 184,953 62,821 64 882 231,009 1098.00 1,045,723 0.00 298,681

Brief analysis of Grocery #75, summary of measure savings

Baseline

Measure #1 1.00 119,782
Measure #2 1.00 46,043
Measure #3 0.00 298,681

Brief analysis of Grocery #75 summary of lotal savings

Summary Total Level Calculated Savings Attachment 7 Level Calculated Attach 7 Savings
Usa, Measure Demend Energy Demend Energy Demand Energy Demand Energy
Baseline 298.00 2.221.381 - - 298.00 2,221,381 - -
Measure #1 293.00 2,101,599 5.00 119,782 298.00 2,101,599 0.00 118,782
Measure #2 293.00 2,065,555 0.00 46,044 293.00 2,055,555 5.00 46,044
Measure #3 293 .00 1,756,875 0.00 298,680 288.00 1,738,438 5.00 317,117




Brief analysis of Grocery #76 ASDC measure (#1) savings:

Summary Sy Fan Calculated Savings
M Demand Ener: Demard Energy
18.00 150,840 | . -
17.00 35,762 1.00 115,078
17.00 35,762 . - - -
17 00 35.762 - -

Brief analysis of Grocery #76 condensar measure (#2) savings:

Summary Refrigeration Compressors A/C Compressars Condenser Fans Total Calculated Savings
Usage by Measure Oemend Energy Demand Energy Oemend Ensrgy Demend Energy Demend Energy
Baseline 76.00 493 318 18.00 16.492 16.00 31.211 110.00 541,021 - -
Measure #1 76.00 493,318 t8.00 16,492 12.00 31,211 106.00 541,021 . -
Measure #2 78.00 416,861 17.00 7,811 11.00 67,516 106.00 492,188 0.00 48,833
Measure #3 78.00 410,836 17.00 7.813 11.00 687,447 106.00 488,094 - -

Brief analysis of Grocery #76 EMS measure (#3) savings:

" Summary Refrigeration_Compressors A/C Compressors r Condenser Fans Ice Cream LT#1 MT#1 MT#2 Lighting Total Calculated Saving Attachment 7 Savings
U Measure Detmard Energy Demand Energy Demand Enerqy Enerqy Energy Energy Energy Ener: Demand Energy Demand Enar& Demand Ener
Baseline [ B B . B . R
Measure #1 - - - - -
Measure #2 78.00 418,861 17.00 7.811 11.00 87,518 3,482 57,159 18,083 137,870 298,716 106.00 1.008 568 - - - -
Measure #3 78.00 410,838 17.00 7.811 11.00 67,447 3,095 50,808 16,936 122,640 225,347 106.00 904 920 0.00 103,648 0.00 103,429

Brief analysis of Grocery #76, summary of measure savings:

Summary Calculated Summary Savings
Usage by Measure Demand nel
Baseline - .
Measure #1 1.00 115,078
Meosure #2 .00 48,833
Measure #3 0.00 103,648

Brisf analysis of Grocery #76 summary of fotal savings:

S Y Total Level Calculated Savings Attachment 7 Level Calkeulated Attach 7 Savil
Usage by Measure Demend Enerqy Dernand Energy Demand Eneray Demand
Baseline 285.00 1,892,483 - - 285 .00 1.892,463 -
Measure #1 281.00 1,777.385 4.00 115,078 285.00 1,777,385 0.00 115,078
Measure #2 280.00 1,728,551 1.00 48,834 280.00 1,728,651 5.00 48,834

Measure #3 280.00 1,625,123 0.00 103,428 280 .00 1,625,123 0.00 103,428




Briet analysis of grocery #77 ASD measure (#1) savings:

Calculated Savings Attachment 7 Savings

Demend Energy Domand Energy
Baseline 120,872 - - . -

Measure #1 14.00 26,933 0.00 83,739 0.00 93,793
Measure #2 14.00 26,933 - - - -
Measure #3 14.00 26,833 - - - -

Brigf anatysis of grocery #77 condenser measure (#2) savings:

Summary Refrigeration_ Comoressors A/C Compressors Condenser Fans Total Calculated Savings Attachment 7 Savings
8] Measure| _Demand Ene Dermend Energy Dermand 13 | Demard _Energy Demeand i Demend Energy
Basasline 134.00 754,233 21.00 17.570 16.00 €0,503 171.00 832,308 - - - -
Measure #1 134 .00 764,233 21.00 17.870 12.00 60,503 167.00 832,308 - - - -
Measure #2 136.00 681,010 20.00 9,330 18.00 94,834 172.00 795,174 -5.00 37,132 0.00 37.132
Measure #3 127.00 633,140 20.00 9,330 12.00 92,794 159.00 735,264 - - - -

Briet analysis of grocery #77 EMS measurs (#3) savings:

Refrigeration_Compressors A/C Ci Condenser Fans Ice Cream LT#1 LT#2 MT#1 MT#2 [ Lightin Total Calculated Savings Attachment 7 Savings
Demand Energy Demand Energy Demand Ensrgy Energy Energy Energy Energy Energy Energy Demand Energy Demand Enei Demand Enel
136.00 691,010 20.00 9,330 16.00 94 834 14,892 49,932 234 31,054 28,908 “ 267,756 172.00 1,187,950 - N - -
Measure #3 127.00 633,140 20.00 9,330 12.00 82,794 8,928 44,384 4,672 20,703 25,696 | 205,223 159.00 1,045,870 13.00 142,080 13.00 142,081

Briet anaiysis of gracery #77, summary of measure savings:

Baseline

Measure #1 0.00 93.73¢9
Measure #2 -5.00 37,132
Measure #3 13.00 142,080

Brief analysis of grocery #77 summary of total savings:

Summary L Total Level Calculated Savings Attachment 7 Level Calculated Attach 7 Savings
Usa Measurs!  Demand Enargy. Demarnd Enargy Deymand Energy Dermand Energy
Baseline 308.00 1,959,506 - - 308.00 1,959,506 - -
Measure #1 304.00 1,865,767 4.00 93,739 308.00 1.865,767 0.00 93,739
Measure #2 308.00 1,828,635 -4.00 37,132 308.00 1,828,635 0.00 37.132
Measure #3 295.00 1,686,554 13.00 142,081 295.00 1,686.554 13.00 142,081




Brief analysis of Grocery #103 ASD measure (#1) savings:

Summary Suyj Fan Calculated Savings Attachment 7 Savings
Usage by Measure| _ Demand Energy Demand Energy Demand Energy
Baseline 21.00 181,008 - - - -

Measure #1 21.00 31,013 0.00 148,995 0.00 149 9395
Measure #2 21.00 31,013 - - - -
Measure #3 21.00 31,013 - - -
Brief analysis of Grocery #103 condenser measure (#2) savings

Summary Refrigeration Compressors A/C Compressors Condenser Fans Total Calcuiated Savings Attachment 7 Savi
Usage by Measure Demand Energy Demand Energy Demand Energy Energy Demend Energy Demand Energy
Basasline 147.00 845,174 38.00 26,374 13.00 29,223 1986.00 $00,771 - - - .

Measure #1 147.00 845 174 36.00 26,374 13.00 29,223 196 .00 800,771 - - - -
Measure #2 126.00 577,635 32.00 13,709 13.00 129,683 171.00 721,027 25.00 179,744 24.00 178,744
Measure #3 117.00 532,277 36.00 26,374 13.00 106 614 166.00 665,265 - - - -
Brief analysis of Grocery #103 EMS measure (#3) savings:

Summary Refrigeration Compressors A/C Compressors Condenser Fans ice Cream LT#1 LT#2 MT#1 MT#2 Lighting Total Caleulated Savings Attachment 7 Savings __
Usage by Measure,  Demand Energy Demand Energy Demand Energy Energy Energy Energy Energy Energy Energy Demand Energy Demand Energy Demand Energy
Baseline - - - - -
Measure #1 - - - -
Msasure #2 126.00 577.835 32.00 13,709 13.00 129,683 35,110 105,646 33,989 38,544 268,983 171.00 1,203,299 - - - -
Measure #3 117.00 532 277 36.00 26,374 13.00 106,614 13,158 29,696 18,717 25,696 201,737 166.00 954 269 5.00 249,030 16.00 249,030

Measure #1 i Measure #2
Brief analysis of Grocery #103, summary of measure savings: Demand Ener Demand Eners
ice Cream 10.6 60932 6.3 28269
Summary Caiculated Summary Savings LT#1 39.7 228924 333 156605
Msasure, Demend Energy LT#2
Baseline - - MT#1 75.8 437407 69.2 317023
Measure #1 0.00 149,995 MT#2 20.4 117912 171 75738
Measure #2 25,00 179,744 148.5 845175 125.9 57763€
Measura #3 §.00 249,030
Briaf analysis of Grocery #103 summary of total savings.
Total Leve| Cakulated Savings Attachment 7 Level Calculated Attach 7 Savin
by Measure|  Demend Energy Ecergy | Energy Demand Ener
340.00 2,236,306 - - 340.00 2,238,306 - -
340.00 2,086,311 0.00 149,995 340.00 2,086,311 0.00 149.995
Measure #2 315.00 1,906,567 25.00 179,744 315.00 1,906,567 25.00 179,744
Measure #3 289.00 1,657,537 16.00 249 030 299 .00 1,657,537 16.00 249,030




Revisions based upon an updated (3/15/95) spreadshee! included within this application

Brief analysis of Grocery #202 ASD measure (#1) savings:

Summary Supply Fan Calculated Savings Atachment 7 Savings

Usage by Measure Demand Energy Demand Energy Demand Ener;
Baseline 18.00 150,840 - - - -
Measure #1 11.00 20,921 7.00 129,919 .00 129,918
Measure #2 11.00 20,921 - - - -
Measure #3 11.00 20,921 - - -

Briet analysis ot Grocery #202 condenser measure (#2) savings:

Summary Refrigeration_Compressors A/C Compressors Condenser Fans Total Calcuiated Savings Attachment 7 Savings
Usage by Measure Demand Energy Demand Energy Demand Energy Energy Dermend Energy Enerqy
Baseline 126.00 760,585 24.00 4,223 12.00 59,824 162.00 824,812 - - - -

Measure #1 126.00 760,565 24.00 4.223 8.00 59 824 158.00 824,612 - - . -
Measure #2 121.00 696,000 22.00 1,451 12.00 99,205 155.00 796,656 3.00 27,956 14.00 27,955
Measure #3 113.00 644,888 22.00 1.451 12.00 88,188 147.00 744,527 . b - -
Brief analysis of Grocery #202 EMS measure (#3} savings:

Summary Refrigeration_Compressors A/C Compregsors Condenser Fans lce Cream LT#1 MT#1 MT#2 Lighting Total Calculatad Savings | Altachment 7 Savings |
Usage by Measure Demand Energy Demand Eneray Demand Energy Energy Energy Energy Energy Energy Dermand Energy Demand Energy Demand Energy
Baseline 0.00 o - - - -
Measure #1 0.00 [+] - -
Measure #2 121.00 896,000 22.00 1,451 12.00 99,205 21,480 76.457 82.379 29,083 258,017 155.00 1,264,072 - - - -
Measure #3 L 113.00 644 888 22.00 1,451 12.00 98,188 12,638 48,011 53,308 24,225 145,134 147.00 1,027,843 8.00 236,229 8.00 236,230
Brief analysis of Grocery #202, summary of measure savings:

Summary Calculated Summary Savings
Usa Msasure Demand Energy
Baseline - -

Measure #1 7.00 129,919

Measure #2 3.00 27,958

Measure #3 8.00 236 229

Brief analysis of Grocery #202 summary of total savings:

Total Lavel Calcuiated Savings Attachment 7 Level Calculated Attach 7 Savings

Demand Energy Demend Energy_ Desmand Energy Demand ner
335.00 2,103,700 - - 335.00 2,103,700 - -
324 00 1,964,110 11.00 139,590 335.00 1,964,110 0.00 139,590
321.00 1,936,154 3.00 27,956 321.00 1,938,154 14.00 27.956
313.00 1,699,924 B.00Q 236,230 313.00 1,698,924 8.00 236,230




Briet analysis of Grocery #404 ASD measure (#1) savings:

Summary Supply Fan Caiculated Savings Attachment 7 Savings
Usage by Measure|  Dernand Energy Demand Energy Demand Energy
Basasline 21.00 181,008 - - - -
Measure #1 21.00 33,137 0.00 147,871 0.00 147871
Measure #2 21.00 33,137 - - - -
Measure #3 21.00 33,137 : - -

Brief analysis of Grocery #404 condenser measure (¥2) savings:

Summary Refrigeration Compressors A/C Compressors Condanser Fans Total Calculated Savings Attachment 7 Savings
Usage by Measurs! Demand Energy Demard Energy _Demand Energy Demand Energy Demand Energy Dermand Energy
Basaline 132.00 754,011 42.00 25,575 13.00 34,769 187.00 814,355 - - - -
Maasure #1 132.00 754,011 42.00 28,578 13 00 34,769 187.00 814,355 - - - -
Measure #2 126.00 §76,989 39.00 18,212 13.00 24,392 178.00 621,593 9.00 192.762 5.00 188,580
Msasure #3 106.00 557,892 42.00 3,718 13.00 69,394 161.00 631,004 - - - -

Briat analysis of Grocery #404 EMS measure {#3) savings

Summary { Refrigeration Compressors A/C Compressors Condenser Fans Ice Cream LT#1 (T#2 MT#] MT#2 Lighting Total Caiculated Savings Attachment 7 Savings
Usage by Maasure Demand Enerqy Demand Energy Demand Energy Energy Energy Energy Energy Energy Energy Demand Energy Oemand Energy Demand Energy
Bassline - - - - - .
Measure #1 - - - - - -
Measure #2 126.00 578,989 39.00 18212 13.00 24,382 47,374 169,594 283,649 72,708 289,674 178.00 1,484,592 - - - -
Measure #3 106.00 557,892 42.00 3,718 13.00 89,384 27,483 96,769 187,822 48,472 217,256 161.00 1,208,508 17.00 276,086 17.00 280,268
Brief analysis of Grocery #404, summary of measure savings: Detail Loval i Measure_#2 (Racirguit} Measure #3 (EMS)

Results Demand Energy Dermand Energy

Summary Calcylated Summary Savings A/C Compressors 39 18212
Usage by M: Demand Energy Ice Craam 5.1 21864
Baseline - - LT 29.7 135120
Measure #1 0.00 147,871 LT#2
Measurs #2 g9.00 182,762 MT#1 67.4 305987 63.8 287067
Measure #3 17.0C 275,086 MT#2 I 19.4 88128 18.6 83537

Brief analysis of Grocery #404 summary of total savings:

Summary Caiculated Savings Attachment 7 Level
Demand Energy Damend Energy Demand Energy
Basstine 2,613,930 - - 387.00 2,609,749
Measure #1 387.00 2,446,059 Q.00 167,871 386.00 2,461,878 1.00 147,871
Measure #2 378.00 2,273,288 9.00 172,761 378.00 2,273,298 8.00 188,580
Measure #3 360 00 1,887,211 18.00 276,087 360.00 1,993 030 18.00 280,268




Appendix B.6.2
Detailed Condenser Recircuit Engineering Calculations



Condenser Capacity

lce Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Clrcuits
Bin Coincidgent
Temperature  Wet-Bulb
°F) (°F)
113 74
108 72
103 70
98 68
93 66
88 -1}
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 3s
33 32
28 27

1,984,500
]
12

Hour per bin
{hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
397.0
159.0
32.0

Btuh
circults
clreuits
circuits
clrcuits
circuits
circuits

Refrigeration
Case Load
{Btuh)
49,440
49,440
49,440
49.440
49,440
49,440
49,440
48,440
49,440
49,440
49,440
49,440
49,440
49,440
49,440
49,440
49,440
49,440

Btuh Capacity

119.070
238.140
o}
674.730
257,985
694,575
1,984,500

Application
Factor
(unitiess)

Ice Cream, Measure #2

81060.XLS

Calculated Equivailent Compressor
Application  Btuh rej Compi C i Btuh
Factor, Check for case Load Efficiency, EER  Constant due to work

{unitless) (Btuh} (Btu/Watt-hr) (Btu/Watt-hr) {Btuh)
1.4 49,440 5.13 3.413 32,893
1.5 49,440 5.38 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 49,440 578 3.413 29,194
1.7 49,440 6.00 3.413 28.123
1.7 49,440 621 3.413 27,172
1.7 49,440 6.28 3.413 26.869
1.7 49,440 6.50 3.413 25,960
1.7 48,440 6.57 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 24314
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
1.8 49,440 8.94 3.413 24314

Calculated

Btuh Rejected,

Check

(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=

Compressor
Use
(kwWh)
(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
2,085
827
166

48,907
9.64

Appiication
48,902
9.6



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits
Bin Coincident
Temperature Wet-Bulb
(°F) (3]
113 74
108 72
103 70
98 638
93 66
88 66
83 63
78 61
73 59
68 56
63 53
58 50
53 a7
48 43
43 40
38 36
33 32
28 27

1.984,500
6
12

Hour per bin

(hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
985.0
1100.0
1098.0
902.0
681.0
3987.0
159.0
32.0

LT#1, Measure #2

Btuh Btuh Capacity
circuits 118,070
circuits 238,140
circuits 0
circults 674,730
circuits 257,985
circuits 694,575
1,984,500
Calculated Equivalent Compressor
Refrigerati App i Ap Btuh rej Comp or Conversion  Btuh rejected
Case Load Factor Factor, Check for case Load Efficiency, EER  Constant due to work
{Btuh) (unitiess) {unitless) {Btuh) (Btu/Watt-hr) (Btu/Watt-hr) {Btuh)
108,900 - 1.4 108,900 6.30 3.413 58,996
108,900 - 1.4 108,900 6.50 3413 67,181
108,900 - 1.4 108.800 6.60 3.413 56.315
108,800 - 1.4 108,900 6.60 3.413 56,315
108,900 - 1.6 108,800 6.70 3.413 55,474
108,900 - 1.6 108,900 6.90 3.413 53,866
108,900 - 1.6 108,800 7.00 3.413 53,097
108,900 - 1.6 108.800 7.10 3.413 52.349
108,900 - 1.6 108,900 7.30 3.413 50,914
108,800 - 1.6 108.900 7.50 3.413 49,557
108,900 - 1.6 108,900 7.60 3.413 48,905
108,800 - 1.7 108,900 7.80 3.413 47,851
108,900 - 1.7 108.900 8.00 3.413 46.458
108,900 - 1.7 108,900 8.00 3.413 46,459
108,900 - 1.7 108,900 8.00 3.413 46,459
108,900 B 1.7 108,800 8.00 3.413 486,459
108,800 - 1.7 108,900 8.00 3.413 46,459
108,900 - 1.7 108.900 8.00 3.413 48.459

61060.XL.S

Calculated
Btuh Rejected,
Check
(Btuh)
167,896
166,081
185,215
185,215
149,396
148,222
147,660
147,118
146,068
145,076
144,600
143,885
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
073
0.73
0.73
0.73
0.73
0.73

kWh=
kWh=

Compressor
Energy Use
{kWh)
(kWh)
17
134
875
2,624
3,405
4,194
5,180
6,505
7.689
8,522
10,094
11,211
10.911
8.863
6,767
3,945
1,580
318

92.8955
17.29

Application
93,159
17.2



Condenser Capacity

Ice Cream Condensing Circults
LT#1 Condensing Circuits
LT#2 Condensing Circults
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits
Bin Coincident
Temperature Woet-Bulb
rF P
113 74
108 72
103 70
[1:} 68
93 66
88 66
83 83
78 61
73 59
68 56
63 53
58 50
53 a7
48 43
43 40
38 36
33 32
28 27

1,984,500
6

Hour per bin
(hours)
1.0
8.0
§3.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
397.0
159.0
32.0

MT#1, Measure #2

Btuh Btuh Capacity

circuits 119,070

circuits 238,140

circuits 0

circuits 674,730

circuits 257,985

circuits 694,575

1,984,560
Calculated Equivalent Compressor
Rofrigoration  Application  App v Btuh rejected  Comp Cor Btuh rej

Case Load Factor Factor, Check for case Load Efficiency, EER  Constant due to work

(Btuh) {unitiess) {unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr} {Btuh)
367,000 - 1.4 367.000 9.54 3.413 131,297
367,000 - 1.4 367,000 9.92 3.413 126,267
367,000 - 1.4 367,000 9.92 3.413 126,267
367.000 - t.4 367.000 10.11 3.413 123,894
367,000 - 1.5 367,000 10.50 3.413 119,292
367,000 - 1.5 367,000 10.69 3.413 117,172
367.000 - 1.5 367,000 11.07 3.413 113.150
367,000 - 1.5 367,000 11.45 3.413 109,395
367,000 - 1.5 387.000 11.61 3.413 107,887
367,000 - 1.5 367,000 11.92 3.413 105.081
367,000 - 1.5 367.000 12.23 3.413 102,418
367,000 - 1.5 367,000 12.53 3.413 99,966
367,000 - 1.5 367,000 12.84 3.413 97,552
367,000 - 1.5 367,000 13.00 3.413 96,352
367,000 - 1.5 367,000 13.00 3.413 96,352
367,000 - 1.8 367.000 13.00 3.413 96,352
367.000 - 1.5 367.000 13.00 3.413 96,352
367,000 - 1.5 367,000 13.00 3.413 96,352
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Caleulated
Btuh Rejected,
Check
{Btuh)
498,297
493,267
493,267
480,894
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

kWhe
kWh=

Compressor
Energy Use
(kWh)
(kWh)
38
296
1,861
5,772
7.323
9,122
11,080
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



Condenser Capacity

lce Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits

Bin Coincident
Temperature Wet-Bulb
53, P
113 74
108 72
103 70
98 68
93 66
88 66
83 €3
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,984,500
8
12
0
34
13
35
100

Hour per bin

(hours)

MT#2, Measure #2

Btuh Btuh Capacity

circuits 113.070

circuits 238,140

circuits 0

circuits 674,730

circults 257,985

circuits 694,575

1,984,500
Calculated Equivalent
Refrig " Appli v Appli Btuh rejected Comp Cor Btuh rejected

Case Load Factor Factor, Check for case Load Efficiency, EER  Constant due to work

{Btuh) (unitiess) {unitiess) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) {Btuh)
145,200 - 1.4 145,200 11.81 3.413 41,862
145,200 . 1.4 145,200 12.14 3413 40,821
145,200 - 1.4 145,200 12.30 3.413 40,290
145,200 - 1.4 145,200 12.47 3.413 39,741
145,200 - 1.8 145,200 12.80 3.413 38,716
145,200 - 1.5 145,200 12.96 3.413 38.238
145,200 - 1.5 145,200 13.29 3.413 37,289
145,200 - 1.5 145,200 13.46 3.413 36,818
145,200 - t.§ 145.200 13.87 3.413 35.729
145,200 - 1.5 145,200 14.28 3.413 34,704
145,200 - 1.5 145,200 14.69 3.413 33.735
145,200 - 1.5 145,200 15.10 3.413 32,819
145,200 - 1.5 145,200 15.51 3.413 31,951
145,200 - 1.8 145.200 15.51 3.413 31,951
145,200 - 1.5 145,200 15.51 3.413 31,951
145,200 - 1.5 145,200 15.51 3.413 31,951
145,200 - 1.6 145,200 15.51 3.413 31,951
145,200 - 1.5 145,200 15.61 3.413 31,951
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Calculated
Btuh Rejected,
Check
(Btuh)
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
168.525
168,525
168,525

Load Factor
(unitiess)
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

kWwh=
kWh=

Compressor
Energy Use
(kWh)
(kWh)
12
96
626
1,851
2.377
2,977
3.845
4,575
5,403
5.968
6,963
7.722
7.504
6,164
4,654
2,713
1,087
219
64,555
12.29

Application
64,547
12.3



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits
Bin Coincident
Temperature  Wet-Bulb
(°F) (°F)
113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,984,500
6
12
Y]
34
13
35
100

Hour per bin
(hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
397.0
159.0
32.0

Btuh
circuits
circuits
circuits
circuits
circuits
circuits

AC Load
(tons)
37.00
37.00
37.58
31.80
26.02
20.23
14.45
8.67
2.89

Btuh Capacity
119,070
238,140
4]
674.730
257,985
694.575
1,984,500
Equivalent
Btuh rejected
AC Load for AC
{Btuh) (Btuh)
444,000 444,000
444,000 444,000
450,960 450,960
381,600 381,600
312,240 312,240
242,760 242,760
173,400 173,400
104,040 104,040
34,680 34,680

AC, Measure #2

Compressor

Efficiency, EER  Constant

(Btu/Watt-hr} (Btu/Watt-hr)
23.22 3.413
25.03 3.413
25.03 3.413
25.93 3.413
26.83 3.413
28.10 3.413
28.73 3.413
29.87 3.413
31.01 3.413

61060.XLS

r

Conversion  Btuh rejected

due to work
(Btuh)
65,261
60,542
61,491
50,228
39,720
29,485
20,599
11,888
3.817

Calculated
Btuh
Rejected,
Check

(Btuh)
508,261
504,542
512,451
431,828
351,960
272,245
193,999
115,928
38,497

Load Factor
(unitless)

1.

1
1
1
1.
1
1
1
1

kWh=
kWh=

Compressor
Energy Use
(kWh)
(kWh)

142
955
2,340
3,340
3,145
2,758
2,024
791

15,513
19.12

Application
7,782
16



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits

Bin Coincident
Temperature Wet-Bulb
(°F) (°F)
113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,984,500
6
12
0
34
13
35
100

Hour per bin
(hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
397.0
159.0
32.0

Btuh
circuits
circuits
circuits
circuits
circuits
circuits

AC Heat
Rejection
(Btuh)
509,261
504,542
512,451
431,828
351,960
272,245
193,999
115,928
38,497
0

OO OO0 QOO0 O

Condenser, Measure #2

Btuh Capacity

119,070
238,140
0
674,730
257,985
694,575
1,984,500

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)

61060.XLS

Calculated
Condenser
Load Factor,
Check
{unitless)
1.4

NN = b od ek ol i
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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

Total Rejected 18,207,311

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

18,549

Total Heat
Rejection
from the
Application
(Btuh)
1,312,000
1,306,000
1,313,000
1,243,000
1,171,000
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

18,549,000



Condenser Capacity

ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits
Bin Coincident
Temperature Wet-Bulb
53] F
113 74
108 72
103 70
98 68
93 66
-1} 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,984,500
6
12

Refrig d
Hour per bin Case Load

{hours)
1.0
8.0

53.0
158.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
397.0
159.0
32.0

Btuh
circuits
circuits
circuits
circuits
circuits
clircuits

ice Cream, Measure #1

Btuh Capacity
119,070
238,140

0
674,730
257,985
894,575

1,984,500

(Btuh)
49,440
49,440
49,440
48,440
49,440
49.440
49,440
49,440
49,440
49,440
49,440
49,440
49,440
49,440
49,440
49,440
49,440
49,440

Calculated Equivalent Compressor
App Application  Btuh rej d Comp f C ' Btuh rej d
Factor Factor, Check for case Load Efficiency, EER  Constant due to work
(unitless) {unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) {Btuh)
- 1.5 49,440 557 3.413 30,284
- 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 29,708
- 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 29,708
- 1.7 49,440 5.68 3.413 29,708
- 1.7 49,4490 5.68 3.413 29,708
- 1.7 49,440 5.68 3.413 29,708
- 1.7 49,440 $.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
- 1.7 49,440 5.68 3.413 29,708
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Calculated
Btuh Rejected,
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
71.126
71,126
71,126
71,126

Load Factor

(unitiess)
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)
8
70
461
1,384
1.824
2,313
2,904
3,662
4,492
5.108
6,132
6,989
6,977
5,731
4.327
2,523
1,010
203

96,150
3.88

Application
56,173
89



Condenser Capacity

ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Clreuits

AC Condensing Circuits

Total Circuits
Bin Coincident
Temperature Wet-Bulb
) R
113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 38
33 32
28 27

1,984,500

6
12

LT#1, Measure #1

Hour per bin  Case Load

(hours)
1.0
8.0

53.0
159.0
287.0
364.0

Btuh Btuh Capacity
circuits 119.070
circuits 238,140
circuits 0
circuits 674,730
circuits 257,985
circuits 694,575
1,884,500
Calculated  Equivalent E Compressor
tri ion  Application Appti v Btuh rej d Comp Conversion Btuh rejected
Factor Factor, Check for case Load Effidency, EER  Constant due to work
(Btuh) {unitless) (unitless) (Btuh) {Btu/Watt-hr} (Btu/Watt-hr) (Btuh)
108,800 - 1.4 108.900 6.50 3.413 57.181
108,800 - 1.4 108,900 6.70 3.413 55,474
108,800 - 1.4 108,900 8.70 3.413 56,474
108,800 - 1.4 108.800 6.70 3.413 55,474
108,800 - 1.6 108,900 6.70 3.413 55,474
108,900 - 1.6 108.900 6.70 3.413 55,474
108,800 - 1.6 108,900 6.70 3.413 55,474
108,900 - 1.6 108,900 6.70 3.413 §6,474
108,900 - 1.6 108.900 8.70 3.413 55.474
108,900 - 1.6 108,900 6.70 3.413 55,474
108,900 - 1.6 108,900 6.70 3.413 55,474
108,800 - 1.6 108,900 8.70 3.413 55,474
108,900 - 1.6 108,900 8.70 3.413 55,474
108,900 - 1.6 108.800 6.70 3.413 55.474
108,800 - 1.6 108,900 8.70 3.413 55,474
108,900 - 1.6 108,900 6.70 3.413 55,474
108,800 - 1.6 108,900 6.70 3.413 55,474
108,900 - 1.6 108,900 8.70 3.413 55,474

£1060.XL3

Calculated
Btuh Rejected,
Check
(Btuh)
166,081
164,374
164,374
164,374
149,396
149,396
149,396
149,396
149,306
149,396
149,396
149,396
149,396
149,396
149,396
149,396
149,396
149,396

Load Factor
{unitiess)
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
a.73
0.73
0.73
0.73

kWha
kWh=

Comprassor
Energy Use
{kWh)
(kWh)
17
130
861
2,584
3.405
4,319
5,422
6,894
8,389
9.540
11,450
13,052
13,028
10,702
8,080
4,710
1,887
380

104.850
16.75

Appiication
104,551
16.8



Condensar Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits
AC Condensing Circuits

Total Circuits

Bin Coincident
Temperature Wet-Bulb
°F) °F)
113 74
108 72
103 70
98 68
93 66
1] 66
83 63
78 61
73 59
58 56
83 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,984,500
8
12
0
34
13
35
100

Hour per bin
(hours)
1.0
8.0

Btuh
circuits
circuits
circuits
circuits
circuits
circults

Refrigeration
Case Load
(Btuh)
387,000
367,000
387,000
367,000
367,000
367,000
367,000
367,000
367,000
367,000
367,000
367,000
367,000
367,000
367,000
387,000
367,000
367,000

Btuh Capacity
119,070
238,140

0
674,730
257,985
694,575

1,984,500

Calculated
Application Application

- 1
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Equivalent
Btuh rejected  Compressor
Factor Factor, Check for case Load Efficiancy, EER
{unitless) (unitiess)
4

(Btuh)
367,000
367,000
367,000
367.000
367,000
367,000
367,000
367,00C
367.000
367,000
367.000
367,000
367,000
367.000
367,000
367.000
367,000
367,000

MT#1, Measure #1

9.92
10.50
10.50
10.50
10.50
10.50
10.50
10.50
10.50
10.50
10.50
10.50
10.50
10.50
10.50
10.50
10.50
10.50

3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413

61060.XLS

Constant
{Btu/Watt-hr) (Btu/Watt-hr)

Compressor
Conversion Btuh rejected
due to work

(Btuh)
126,267
119,292
118,292
119,292
118,292
118,292
119,292
119,202
119,292
118,282
118,292
118,282
118,292
119,292
118,202
118,292
118,292
118,292

Calcuiated
Btuh Rejected,
Check

(Btuh)
493,267
486,292
486,292
488,292
486,292
454,004
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

{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

kWh=
kWh=

Compressor
Energy Use

(kWh)
(kWh)
37
280
1,852
5,557
10,031
9,288
11,660
14,824
18,039
20,514
24.822
28,067
28,016
23,015
17,376
10.130
4,057
816

228.182
37.00

Application
225,576
37



Condenser Capacity

Ice Cream Condensing Circulits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits
Bin Coincident
Temperature Woet-Bulb
(°F) (°F)
113 74
108 72
103 70
98 68
93 66
-1} 86
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,984,500
6

Hour per bin

(hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
397:0
159.0
32.0

Btuh
clrcuits
circuits
circuits
circuits
circuits
circults

Retrigeration
Case Load
(Btuh)
145,200
145,200
145,200
145,200
145,200
145,200
145,200
145,200
145,200
145,200
145,200
145,200
145,200
145,200
145,200
145,200
145,200
145,200

Btuh Capacity
118,070
238,140

0
674,730
257,985
894,575

1,984,500

Apoplication

Calculated

Equivalent

MT#2, Measure #1

Af

Btuh rej

Factor
(unitless)

Ce

Factor, Check for case Load Efficiency, EER  Constant

{unitless)
1.

PR BT A T N A T AT I AT Y I IR I N NN

1
1
1
1
1
1
1
1
1.
1
1
1
1
1
1
1
1

4

(Btuh)
145,200
145,200
145,200
145.200
145,200
145,200
145,200
145,200
145,200
145,200
145,200
145,200
145,200
145,200
145,200
145,200
145,200
145,200

(Btu/Watt-hr) (Btu/Watt-hr)

11.97
12.47
12.63
12.63
12.63
12.63
12.63
12.63
12.63
12.63
12.63
12.63
12.63
12.63
12.63
12.63
12.63
12.63

3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413

61060.XLS

Compressor

] Conversion  Btuh rejected

due to work
(Btuh)
41,401
38,741
39,237
38,237
39,237
39,237
39,237
39,237
39.237
39,237
39,237
39,237
39,237
39,237
39,237
39,237
39,237
39,237

Calkulated
Biuh Rejected.
Check
(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
173,848
173,843
173,843

Load Factor
{unitless)
1.00
1.00
1.00
1.00
1.00
0.73
0.73
0.73
0.73
0.73
0.73

Energy Use
(kwh)
(kwn)

12
93
809
1,828
3,288
3,055
3.835
4,878
5,933
6.747
8,099
9,232
9,215
7,570
5.715
3,332
1,334
269

75,054
12.13

Application
74,145
12.1



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits
Bin Coincident

Temperature Wet-Bulb
(°F) (°F)
113 74
108 72
103 70
988 68
93 66
88 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,984,500
6
12
0
34
13
35
100

Hour per bin
{(hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
397.0
159.0
32.0

Btuh
circuits
circuits
circuits
circuits
circuits
circuits

AC Load
(tons)
37.00
37.00
37.58
31.80
26.02
20.23
14.45
8.67
2.89

AC, Measure #1

Btuh Capacity
119.070
238,140

0
674,730
257,985
694.575

1,984,500

Equivalent Compressor

Btuh rejected Compressor  Conversion Btuh rejected

AC Load for AC Effiiency, EER  Constant due to work
(Btuh) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh)
444,000 444,000 22.34 3.413 67,832
444,000 444,000 23.66 3.413 64,048
450,960 450,960 24.29 3.413 63,365
381,600 381,800 26.83 3.413 48,543
312,240 312,240 26.83 3.413 36,720
242,760 242,760 26.83 3.413 30.881
173,400 173,400 26.83 3.413 22,058
104,040 104,040 26.83 3.413 13,235
34,680 34,680 26.83 3.413 4,412

61060.XLS

Calcuiated
Buh
Rejected,
Check
(Btuh)
511,832
508,048
514,325
430,143
351,560
273,641
195,458
117,275
39.092

Notes
The application assumes a lower AC load in the post-measure #2 retrofit condition.

Load Factor
(unitless)

1.

1
1
1
1.
1
1
1
1

kWh=
kWh=

Compressor
Energy Use
(kWh)
(kWh)

150
984
2,261
3,340
3.294
2,954
2,253
914

Application
16,169 = 16,171
19.87 = 20



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits

Bin Coincident
Temperature Wet-Bulb
(°F) (°F)
113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,984,500
6
12
0
34
13
35
100

Hour per bin
(hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
3987.0
159.0
32.0

Btuh
circuits
circuits
circuits
cireuits
circuits
circuits

AC Heat
Rejection
(Btuh)
511,832
508,048
514,325
430,143
351,960
273,641
195,458
117,275
38,092
0

OO0 OO0 QO

Btuh Capacity
119,070
238,140

0
674,730
257,985
694,575

1,984,500

Refrigeration

Heat Rejection Load Factor

(Btuh)
925,683
914,755
914,251
914,251
891,252
848,449
848,449
848,449
848,449
848,449
848,449
848.449
848,449
848,449
848,449
848,449
848,449
848,449

Condenser, Measure #1

Condenser

(unitless)

Caiculated
Condenser
Load Factor,
Check
(unitless)
.4

1

Total Rejected

61060.XLS
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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

Total Heat Total Heat
Rejection from Rejection 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



Pre-Retrofit
Evaluation Compressor Savings Demand
Ice Cream Condensing Circuits 8.88
LT#1 Condensing Circuits 16.75
MT#1 Condensing Circuits 37.00
MT#2 Condensing Circuits 12.13
AC Condensing Circuits 19.87
Total

Total Refer w/ Compressor

Pre-Retrofit
Application Compressor Savings  Demand
Ice Cream Condensing Circuits 8.90
LT#1 Condensing Circuits 16.80
MT#1 Condensing Circuits 37.00
MT#2 Condensing Circuits 12.10
AC Condensing Circuits 20.00
Total

Post-Retrofit
Demand
9.64
17.29
38.47
12.29
19.12

85.54

Post-Retrofit
Demand
9.60
17.20
38.50
12.30
16.00

Measure #
Demand
Savings

-0.76
-0.53
-1.47
-0.16
Q.75
-2.18

Measure #
Demand
Savings

-0.70
-0.40
-1.50
-0.20
4.00
1.20

Measure #2 Summary of Findings

Pre-Retrofit
Energy
56,150

104,850
228,182
75,054
16,169
kW

Pre-Retrofit
Energy
56,173

104,551
225,576
74.145
16,171
kW

Dark Green font is an estimate because this level of detail was missing from the application.

Pre-Retrofit
Appiicaton Condenser Analysis Demand
Condenser Fan Use 8.00
Pre-
Condenser
Rejection
Evaluation Condenser Analysis (Btuh)
Condenser Fan Use 18,531.8086

Final Results for Measure #2

Evaluation -2.18 57.576
Application 1.20 39,057

Source Demand impact Energy impact

Post-Retrofit
Demand
8.00

Post-
Condenser
Rejection
(Btuh)
18,207.311

Measure #
Demand
Savings

0.00

Difference in
Condenser
Heat
Rejection
(Btuh)
324,494

Pre-Retrofit
Energy
30,435

Measure
Energy
Savings per
Condenser
Heat
Rejection
(kWh/Btuh)
-5,039

Measure #
Post-Retrofit Energy
Energy Savings
48,807 7.242
92,955 11,896
195,862 32.320
64,555 10,499
15,513 656
62,614 kWh
458,947

Measure #
Post-Ratrofit Energy
Energy Savings
48,902 7.271
93,159 11,392
195,872 29,704
64,547 9,598
7,782 8,389
66,354 kWh
Difference in
Measure # Pre- Post- Condenser
Energy Condenser Condenser Heat
Post-Retrofit Savings Rejection Rejection Rejection
Energy (kWh) (Btuh) (Btuh) (Btuh)
57,732 -27,297 20,307,000 18,549,000 1,758,000

0.0031124 4.3129E-07

Post-Energy  Post Demand

56,669

61060.XL.S

7.8526331

Measure
Energy
Savings per
Condenser
Heat
Rejection
(kWh/Btuh)
-0.02



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits
AC Condensing Circuits

Totat Circuits
Bin Coincident
Temperature Wel-Bulb
G ]
113 74
108 72
103 70
98 68
83 66
88 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1.917.000
3
24

Hour per bin
(hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
802.0
681.0
397.0
159.0
32.0

Btuh
circuits
clreuits
circults
circuits
clreuits
circuits

Refrigeration
Case Load
(Btuh)
27,150
27,150
27,150
27,150
27,150
27,150
27,150
27.150
27,150
27,150
27,150
27,150
27,150
27,150
27,150
27,150
27,150
27,150

Ice Cream, Measure #2

Btuh Capacity
57,510
460.080
57.510
440,810
268,380
€32,610
1,917,000
Calculated Equivalent Compressor
Applicati Appiication  Btuh rejected  Comp Conversion  Btuh rejected
Factor Factor, Check for case Load Efficency, EER  Constant due to work
{unitless) (unitless) (Btuh) (Btu/Watt-hr) {Btu/Watt-hr) (Btuh)
- 1.3 27.,15¢ 5.78 3.413 16,032
- 1.4 27,180 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 27.150 6.65 3.413 13,934
- 1.5 27,150 6.78 3.413 13.647
- 1.6 27.150 6.94 3.413 13,352
. 1.6 27,150 6.94 3.413 13,352
- 1.8 27,180 6.94 3.413 13.352
- 1.6 27.150 6.94 3.413 13,352
- 1.8 27,150 6.94 3.413 13.352
- 1.6 27.15¢ 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 13,3582

61061.XLS

Calculated
Btuh Rejected,
Check
(Btuh)
43,182
42,594
42,341
42,072
37,921
37.870
37,446
37.322

Load Factor
(unitiess)
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

KWha
kWh=

Compressor
Energy Use
(kWh)
(kWh)

5

38
236
695
906

1,122
1,379
1.732
2,064
2,296
2,756
3,141
3.138
2,578
1.945
1,134
454
91

25,763
4.70

Application
25,700
4.7



Condensar Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Clrcuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits

Bin Coincldent
Temperature Wet-Bulb
(°F) (3]
113 74
108 72
103 70
98 68
93 686
88 €6
B3 63
78 61
73 58
68 56
63 53
58 50
53 47
48 43
43 40
as 36
33 32
28 27

1.917.000
3
24

Hout per bin
(hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
387.0
159.0
32.0

Btuh
circults
circuits
circuits
circuits
circuits
circuits

Refrigeration
Case Load
(Btuh)
237,900
237,900
237,900
237,800
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

LT#1, Measuro #2

Btuh Capacity
57,510
460,080
§7,510
440,910
288,380
632,610
1,917,000
Calculated Equivaient Comprassor
Application  Application  Btuh rejected Comp r  Cor i Btuh rej
Factor Factor, Check for case Load Efficiency, EER  Constant due to work
(unitless) {unitless} {Btuh) (Btu/Watt-hr} (Btu/Watt-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
- 1.3 237,800 6.80 3.413 119,408
- 1.4 237.9090 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
- 1.8 237,900 8.00 3.413 101,494
- 1.8 237,900 8.00 3.413 101,494
N 1.5 237,900 8.00 3.413 101,494
- 1.5 237.900 8.00 3413 101,494

61061 .XLS

Calculated
Biuh Rejected,

Check
(Btuh)
362,816
359,087
357,308
357,305
322,575
321,382
320,223
317,998
316,930
314,877
312,929
311,991
311,991
311,991
311,991
311,981
311,991
311,991

Load Factor

(unitiess)
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)
37
284
1,854
5,663
7,120
8,903
11,022
13.835
16,371
18,134
21,214
23,879
23,836
19,681
14,783
8,618
3,452
685

196,882
36 60

Application
199,416
38.7



LT#2, Measure #2

Condenser Capacity 1,917,000 Btuh Btuh Capacity

Ice Cream Condensing Circuits 3 circults 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 clreuits 268,380

AC Condensing Circuits 33 cireuits 632,610

Total Circuits 100 1,917,000

Caiculated Equivalent Compressor Calculated Compressor
Bin Coincident Refrigeration  Application Application  Btuh rejected Comprassor  Conversion Btuh rejected Btuh Rejected, Energy Use
Temperature Wet-Bulb Hour per bin Case | oad Factor Factor, Check for case Load Efficiency, EER  Constant due to work Check Load Factor {kWh}
F F) {hours) {Btuh) (unitless) {unitiess) {Btuh) {Btu/Watt-hr) (Btu/Watt-hr) {Btuh) {Btuh) {unitless) {kwh)
113 74 1.0 28,500 - 1.3 28,500 6.80 3.413 14,304 42,804 1.00 4
108 72 8.0 28,500 - 1.4 28,500 7.00 3.413 13,896 42,396 1.00 33
103 70 53.0 28,500 - 1.4 28,500 7.00 3.413 13.896 42,396 1.00 218
28 68 1588.0 28,500 - 1.4 28.500 7.10 3.413 13,700 42.200 1.00 638
93 66 287.0 28,500 - 1.5 28,500 7.20 3413 13,510 38,362 Q.73 829
88 66 384.0 28,500 - 1.5 28.500 7.40 3.413 13,145 38.096 073 1.023
83 63 457.0 28,500 - 1.5 28,500 7.50 3.413 12,969 37,068 0.73 1,268
78 61 581.0 28,500 - 1.5 28,500 7.60 3.413 12,798 37,843 0.73 1,590
73 59 707.0 28,500 - 15 28.500 7.80 3.413 12,474 37.604 0.73 1.8886
68 56 804.0 28.500 - 1.5 28,500 8.00 3.413 12,159 37,376 0.73 2,091
63 §3 965.0 28,500 - 1.5 28,500 8.00 3.413 12,158 37,376 0.73 2,510
58 50 1100.0 28.500 - 1.5 28,500 8.00 3.413 12,159 37,376 0.73 2,881
53 47 1098.0 28,500 - 1.5 28,500 8.00 3.413 12,159 37,376 0.73 2,855
48 43 902.0 28,500 - 1.5 28.500 8.00 3.413 12,158 37,376 0.73 2,348
43 40 681.0 28,500 - 1.5 28,500 8.00 3.413 12,159 37.376 0.73 1.7
38 36 3987.0 28,500 - 1.5 28,500 8.00 3.413 12,159 37.376 0.73 1,032
33 32 158.0 28,500 - 1.5 28,500 8.00 3.413 12,159 37,378 0.73 413
28 27 32.0 28,500 - 1.5 28,500 8.00 3.413 12.159 37,376 0.73 83
Application
kWh= 23.450 = 23,507
kWh= 4.18 = 4.2
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Condenser Capacity

Ice Creamn Condensing Circuits

LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Clrcuits
AC Condensing Circuits

Total Circuits

Bin
Temperature
(°F)

113
108
103
28
93
a8

Colincident
Wel-Bulb
(°F)

74

1,817,000
3
24

Hour per bin
{hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
£81.0
387.0
159.0
32.0

Btuh
circuits
circuits
circuits
circuits
circuits
circults

Refrigaration
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
280,588
288,585
288,585

MT#1, Measure #2

Btuh Capacity
57.510
460,080
§7.510
440,910
268,380
832,610
1,817,000
Caiculated Equivaient Compressor
A ion A Btuh rejected Comp: Conversion  Btuh rejected
Factor Factor, Check for case Load Efficiency, EER  Constant due to work
{unitless) {unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh)
- 1.2 288,585 11.97 3.413 82,284
- 1.2 288,585 12.47 3.413 78,085
- 1.2 288,585 12.63 3.413 77,984
- 1.2 288,585 12.63 3.413 77.984
- 1.3 288,585 12.96 3.413 75,999
- 1.3 288,585 13.13 3.413 75,015
. 1.3 288,585 13.46 3.413 73,175
- 1.3 288,585 13.67 3.413 72,051
- 1.3 288,585 14.08 3.413 69,853
- 1.3 288,585 14.49 3.413 67,974
- 1.3 288,585 14.80 3.413 68,103
- 1.3 288,585 15.31 3.413 64,333
- 1.3 288,585 15.51 3.413 63,504
- 1.3 288,585 15.51 3.413 83,504
- 13 288,585 15.51 3.413 63,504
- 1.3 288,585 15.51 3.413 63,504
- 1.3 288,585 15.51 3.413 63,504
- 1.3 288,585 15.51 3.413 63,504
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Calculated
Btuh Rejected,
Check
(Btuh)
370.868
387,570
366,569
388,569
344,064
343,346
342,003
341,182
339,651
338,206
336,840
335,548
334,943
334,843
334,943
334,843
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
Q.73
0.73

kWh=
KWha

Compressor
Energy Use
(kWh)
(kwh)

435

127,114
24.11

Application
127,113
241



Condenser Capacity

ice Cream Condensing Circuits
LT#1 Condensing Clrcuits
LT#2 Condensing Circuits
MT#1 Condensing Clrcuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits
Bin Coincldent
Temperature Wet-Bulb
°F) (°F)
113 74
108 72
103 70
98 68
93 66
88 66
83 €63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,917,000
3
24

Hour per bin
(hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1088.0
902.0
£81.0
397.0
159.0
3z2.0

Btuh
circuits
circuits
circuits
circuits
circuits
circuits

Rafrigeration
Case Load
{Btuh)
164,124
164,124
164,124
164,124
164,124
164,124
164,124
164,124
164,124
184,124
164,124
164,124
164,124
164,124
164,124
164,124
164,124
164,124

Btuh Capacity
57,510
460,080
57,510
440,910
268,380
632,610

1,817,000

Calculated Equivalent

Appiication Application  Btuh rejected Compressor

MT#2, Measure #2

Factor Factor, Check for case Load Efficiency, EER  Constant

(unitless) (unitiess) (Btuh)
- 1.2 184,124
. 1. 164,124
164,124
184,124
164,124
164,124
164,124
164,124
164,124
164,124
164,124
164,124
164,124
164,124
164,124
164,124
164,124
164,124

o

f
ek b n o m o a4 e a aa
PradabrrrbrbrwwONN

(Btu/Watt-hr) (Btu/Watt-hr)

10.11
10.69
10.69
10.88
11.26
11.61
11.76
12.07
12.38
12.68
13.00
13.00
13.00
13.00
13.00
13.00
13.00
13.00

3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
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Compressor

Conversion  Btuh rejected

due 1o work
(Btuh)
55,408
52,400
52,400
51.485
49,747
48,248
47,832
46,409
45.247
44,141
43,089
43,089
43,089
43,089
43,089
43,089
43,089
43,089

Caiculated
Btuh Rejected,
Check
(Btuh)
219,830
218,524
216,524
215,608
200,440
199,345
198,896
198,002
197,154
196,347
195,579
195,579
195,579
185,679
195,579
195,579
185,579
195,579

Load Factor
(unitiess)
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=

Energy

Use
(kWh)
(kWh)

18
123
814

2,399
3.054
3,756
4,858
5,767
6,842
7.501
8,884

10,138

10,119
8,313
6.278
3,659
1,485

295

84,177
16.23

Application
84,182
18.2



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits
Bin Coincident

Temperature Wet-Bulb
(°F) (°F)
113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,917,000

24

Hour per bin
(hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
397.0
159.0
32.0

Btuh
circuits
circuits
circuits
circuits
circuits
circuits

AC Load
(tons)
40.00
40.00
40.63
34.38
28.13
21.88
15.63
9.38
3.13

Btuh Capacity
57.510
460.080
57,510
440,910
268.380
632,610
1,917,000

AC Load
(Btuh)
480,000
480,000
487,560
412,560
337,560
262,560
187,560
112,560
37,560

AC, Measure #2

Equivalent Compressor

Btuh rejected Comp or  Cor Btuh rej d

for AC Efficiency, EER  Constant due to work
(Btuh) (Btu/Watt-hr) (Btu/Watt-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 11,850
37,560 33.10 3.413 3.873
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Calculated
Btuh
Rejected,
Chack
(Btuh)
542,433
539,443
547,939
457,232
369,518
282,798
200,789
124,450
41,433

Load Factor
{unitless)

1.

1
1
1
1.
1.
1
1
1

kWh=
kWh=

Compressor

{kWh)
(kWh)

138
938
2,081
2,687
2,158
1,771
2,024
802

12,620
18.29

Application
7,943
16



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits

Bin Coincident
Temperature Wet-Bulb
°F) (°F
113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,917,000

3

24
3

23

14

33

100

Hour per bin
(hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
397.0
159.0
32.0

Btuh
circuits
circuits
circuits
circuits
circuits
circuits

AC Heat
Rejection
(Btuh)
542,433
539,443
547,939
457,232
369,518
282,798
200,789
124,450
41,433
0

OO OO0 OO0 0

Btuh Capacity

57,510
460,080
57,510
440,910
268,380
632,610
1,917,000

Refrigeration

Heat Rejection Load Factor

(Btuh)
996,397
985,775
982,739
981,554
905,000
901,743
898,567
894,505
890,847
886,327
882,245
880,015
879,409
879,409
879,409
879,409
879,408
879,409

Condenser, Measure #2

Condenser

{unitiess)

Calculated
Condenser
Load Factor,
Check
(unitiess)
1.2

NROMNMN-©~NONWWW

RO NRR — - o ocd b b

PPN NN
NON NN

Total Rejected
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Total Heat
Rejection
(Btuh)
1,538,830
1.525,217
1,630,677
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 Appilication
{MBtuh) (Btuh)
1,525 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



Condenser Capacity

ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circults
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits
Bin Coincident
Temperature Wet-Bulb
(°F) °F)
113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,917,000
3
24

Hour per bin
(hours)
1.0
8.0
53.0
159.0
2B7.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
397.0
159.0
32.0

lce Cream, Measure #1

Btuh Btuh Capacity
circuits 57.510
circuits 460,080
clrcuits §7,510
circuits 440,910
circuits 268,380
circuits 632,610
1,917,000
Calculated Equivalent Compressor
Refrigy Appli 1 A { Btuh rej d Comp Conversion  Btuh rejected
Caso Load Factor Factor, Check for case Load Efficiency, EER  Constant due to work
{Btuh) {unitless) {unitless) {Btuh) {Btu/Watt-hr) (Btu/Watt-hr) (Btuh)
27,150 - 1.3 27.150 5.06 3.413 18,313
27,150 - 1.3 27.150 5.06 3.413 18,313
27,150 - 1.3 27,150 5.06 3.413 18,313
27.150 - 1.3 27.150 5.06 3.413 18.313
27,150 - 1.4 27.150 5.06 3.413 18,313
27,150 - 1.4 27,150 5.06 3.413 18,313
27,150 - 1.4 27,150 5.06 3.413 18,313
27,150 - 1.4 27,150 5.06 3.413 18,313
27,150 - 1.4 27,150 5.06 3.413 18.313
27,150 - 1.4 27.150 5.06 3.413 18,313
27,150 - 1.4 27,150 5.06 3.413 18,313
27,150 - 1.4 27.150 5.06 3.413 18,313
27,150 - 1.4 27,150 5.06 3.413 18,313
27,150 - 1.4 27,150 5.06 3.413 18,313
27,150 - 1.4 27.150 5.06 3.413 18,313
27.150 - 1.4 27,150 5.06 3.413 18,313
27,150 - 1.4 27,150 5.06 3.413 18,313
27,150 - 1.4 27,150 5.06 3.413 18,313
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Calculated
Btuh Rejected,
Check
(Btuh)
45,463
45,463
45,463
45,463
40,518
40,518
40,518
40,518
40,518
40,518
40,518
40,518
40,518
40,518
40.518
40,518
40,518
40,518

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
(kwn)
(kWn)

3

43
284
853

1.124
1,426
1,790
2,276
2,769
3.149
3,780
4,309
4,301
3,533
2.667
1,555
623
125

34,613
5.37

Application
34,614
5.4



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Clrcuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits
Bin Coincident
Temperature Wet-Bulb
(°F) (°F)
113 74
108 72
103 70
98 68
93 66
88 66
83 83
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,917,000
3
24

Hour per bin
{hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
387.0
158.0
32.0

LT#1, Measure #1

Btuh Btuh Capacity
circuits 57.510
circulits 460,080
circuits §7,510
circuits 440,910
circuits 266,380
circults 632,810
1,917,000
Calcuiated Equivalent Estimated Compressor
frige App n App Biuh rejected Comp Conversi Btuh rejected
Case Load Factor Factor, Check for case Load Efficiency, EER  Constant due to work
(Btuh) {unitiess) {unitiess) {Btuh} (Btu/Watt-hr) (Btu/Watt-hr) (Btuh)
237,900 - 1.2 237.900 8.00 3.413 135,325
237,900 - 1.2 237,800 6.00 3.413 135,325
237,900 - 1.2 237,800 6.00 3.413 135,325
237,900 - 1.2 237.800 5.00 3.413 135,325
237,900 - 1.4 237,900 6.00 3.413 135,325
237,900 - 1.4 237.900 6.00 3.413 135,325
237,900 - 1.4 237,800 6.00 3.413 135,325
237,900 - 1.4 237,900 6.00 3.413 135,325
237,800 - 1.4 237.900 6.00 3.413 135,325
237.800 - 1.4 237,900 6.00 3.413 135,325
237,900 - 1.4 237,900 6.00 3.413 135,325
237,900 - 1.4 237,900 6.00 3.413 135,325
237,900 - 1.4 237,900 8.00 3.413 135,328
237,900 - 1.4 237.900 6.00 3.413 135,325
237,900 - 1.4 237,900 6.00 3.413 135,325
237,900 - 1.4 237,900 6.00 3.413 135,325
237,900 - 1.4 237,900 6.00 3.413 135,325
237,900 - 1.4 237,900 6.00 3.413 135,325
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Caleulated
Btuh Rejected,
Check
(Btuh)
373.225
373,225
373,225
373,225
336,688
336,688
336,688
336,688
336,688
336.688
336,688
336,688
336,688
336,688
336,688
336,688
336,688
336,688

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)
40
317
2,101
6,304
8.307
10,536
13,228
16,817
20,464
23,271
27.931
31,838
31,781
26,108
19,711
11,491
4,602
926

255.775
39.65

Application
256,243
39.7



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Clrcuits

AC Condensing Circuits

Total Circuits

Bin Coincident
Temperature  Wet-Bulb
(°F) °F)
113 74
108 72
103 70
98 68
93 66
88 €6
83 €63
78 61
73 59
68 £6
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,917,000
3
24

Hour per bin
{hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
397.0
159.0
32.0

LT#2, Measure #1

Btuh Btuh Capacity
clrcuits 57,510
circuits 460,080
circults 57,510
circuits 440,910
circuits 268,380
circuits 832,610
1,917,000
Calculated Equivalent Compressor
Refrigeration  App ion Application  Biuh rejected Compressor  Conversion  Btuh rejected
Case Load Factor Factor, Check for case Load Efficiency, EER  Constant due to work
(Btuh) (unitiess) {unitless) (Btuh) (Btu/Watt-hr) (Biu/Watt-hr) {Btuh)
28,500 - 0.0 28,500 §.90 3.413 16,487
28,500 - 1.3 28,500 8.00 3.413 16,212
28,500 - 1.3 28,500 6.00 3.413 16.212
28,500 - 1.3 28,500 6.00 3.413 16,212
28,500 - 1.4 28,500 8.00 3.413 16,212
28,500 - 1.4 28,500 6.00 3.413 16,212
28,500 - 1.4 28,500 6.00 3.413 16,212
28,500 - 1.4 28,500 6.00 3.413 16.212
28,500 - 1.4 28.500 6.00 3.413 16,212
28,500 - 14 28,500 6.00 3.413 18.212
28,500 - 1.4 28,500 6.00 3.413 16,212
28,500 - 1.4 28,500 6.00 3413 16,212
28,500 - 1.4 28,500 6.00 3.413 16,212
28,500 - 1.4 28.500 6.00 3.413 16,212
28,500 - 1.4 28,500 6.00 3.413 18,212
28,500 - 1.4 28,500 8.00 3.413 16,212
28,500 - 1.4 28,500 6.00 3.413 16,212
28,500 - 1.4 28,500 §.00 3.413 18,212
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Calculated
Btuh Rejected,

Check
(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

{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=

Com Pressor
Energy Use

(kWhy)
(kWh)
5
38
252
755
995
1.262
1,585
2,015
2.452
2,788
3,046
3,814
3,807
3,128
2,361
1,377
561
111

30.841
4.83

Application
30,697
4.8



Condenser Capacity

ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Clrcults

Total Circuits

Bin Coincident
Temperature Wet-Bulb
F) F)
113 74
108 72
103 70
98 €8
93 66
1] 66
83 €3
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1.917,000
3
24

Hour per bin  Case Load

{hours)
1.0
8.0

53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
865.0
1100.0
1098.0
802.0
681.0
397.0
159.0
32.0

Compressor

MT#1, Measure #1

Factor, Check for case Load Efficiency, EER  Constant

Btuh Btuh Capacity
circuits 57.510
circuits 460,080
circuits §7.510
circuits 440,910
circuits 268,380
circuits 632.610
1,917,000
Calculated Equivalent

f A A ' Btuh rej d

Factor
(Btuh) {unitless) {unitless) {Btuh)
288,585 - 1.2 288,585
288,585 - 1.2 288,585
288,585 - 1.2 288,585
288,585 - 1.2 288,585
288,585 1.2 288,585
288,585 - 1.2 288,585
288,585 - 1.2 288,585
288,585 - 1.2 288,585
288,585 - 1.2 288.585
288,585 - 1.2 288,585
288,585 - 12 288,585
288,585 - 1.2 288,585
288,585 - 1.2 288,585
288,585 - 1.2 288.585
288,585 - 1.2 268,585
288,585 - t.2 288,585
288,585 - 1.2 288,585
288,588 - 1.2 288,585

(Btu/Watt-hr) (Btu/Watt-hr)

3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
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Compressor
Conversion  Btuh rejected

due to work
(Btuh)
88.574
88,574
88,574
B88.574
88,574
86,574
88,574
88,574
88.574
88,574
88,574
88,574
88,574
88,574
88,574
88,574
88,574
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
{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

KwWh=
kWh=

Compressor
Energy Use
(kWh)
(kWh)
26
208
1,375
4,126
5,437
6,896
8,658
11,007
13,384
15,232
18,282
20,839
20,801
17,088
12,901
7,521
3.012
606

187,411
258.35

Application
167,448
26



Condenser Capacity

lce Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits
Bin Coincident
Temperature Woet-Bulb
(°F) °F)
113 74
108 72
103 70
98 68
93 66
88 66
a3 63
78 61
73 59
1] 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,817,000
3
24

MT#2, Measure #1

Hour per bin Ca;aLoad

{hours)
1.0
8.0

53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0

1100.0

1098.0

902.0
681.0
397.0
158.0
32.0

Btuh Btuh Capacity
circuits 57.510
circuits 460,080
circuits 57,510
circuits 440,910
circuits 268,380
circuits 632,610
1,917,000
Caleulated Equivalent Compresaor
ik i A jon Application  Btuh rejected Comp Cor i Btuh rejected
Factor Factor, Check for case Load Efficiency, EER  Constant due to work
{Btuh) (unitless) (unitless) {Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh)
184,124 - 1.2 164,124 9.30 3.413 80,232
164,124 - 1.2 164,124 9.30 3.413 80,232
164,124 - 1.2 164,124 9.30 3413 60,232
164,124 - 1.2 164,124 9.30 3.413 60,232
164,124 - 1.3 164,124 9.30 3.413 60,232
164,124 - 1.3 164,124 9.30 3.413 60,232
164,124 - 1.3 164,124 9.30 3.413 80,232
164,124 - 1.3 164,124 9.30 3.413 60,232
164,124 1.3 164,124 9.30 3.413 60,232
164,124 - 1.3 164,124 9.30 3.413 60,232
164,124 - 1.3 164,124 9.30 3.413 60,232
164,124 - 1.3 164,124 9.30 3.413 60,232
164,124 - 13 164,124 9.30 3.413 60,232
164,124 - 1.3 164,124 9.30 3.413 80.232
164,124 - 1.3 164,124 9.30 3.413 60,232
164,124 - 1.3 164,124 9.30 3.413 60,232
164,124 - 1.3 164,124 9.30 3.413 60,232
164,124 - 1.3 164,124 9.30 3.413 60,232
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Cakulated
Btuh Rejected,
Check
{Btuh)
224 358
224,356
224,356
224,356
208,083
208,083
208,093
208,093
208,093
208,093
208,093
208,093
208,093
208,093
208,093
208,083
208,093
208,093

Load Factor
(unitiess)
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
Use
{kWh)
{(kWh)
18
141
935
2,806
3,687
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

L]

Application
113,889
17.7



Condenser Capacity

lce Cream Condensing Circuits
L.T#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits
Bin Coincident

Temperature Wet-Bulb
(°F) °F)
113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,917,000
3
24

Hour per bin
(hours}
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
397.0
159.0
32.0

Btuh
circuits
circuits
circuits
circuits
circuits
circuits

AC Load
(tons)
40.00
40.00
40.563
34.38
28.13
21.88
15.63
9.38
3.13

Btuh Capacity
57,510
460.080
57.510
440.910
268,380
632,610
1,817,000

AC Load
(Btuh)
480,000
480,000
487,560
412,560
337,560
262,560
187,560
112,560
37,560

Equivalent

Btuh rejected Compressor

for AC

(Btuh)
480,000
480,000
487,560
412,560
337,560
262,560
187,560
112,560
37.560

AC, Measure #1

Conversion  Btuh rejected

Efficiency, EER  Constant

(Btu/Watt-hr) (Btu/Watt-hr)
24 .11 3.413
24.11 3.413
2411 3.413
24.11 3.413
24 .11 3.413
2411 3.413
24.11 3.413
24.11 3.413
24 .11 3.413
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T

due to work
(Btuh)
67,949
67,949
69,019
58,402
47,788
37.168
26,551
15,834
5,317

Calculated
Btuh

Rejected,
Check

{Btuh)
547,949
547,949
556,579
470,962
385,345
299,728
214,111
128,494

42,877

Notes
The application assumes a lower AC load in the post-measure #2 retrofit condition.

Load Factor
(unitless)

1

.00
1.00
1.00
1.00
1.
1
9
1
1

kWh=
KWh=

Compressor
Energy

Use
{(kWh)
(kwh)
20
159
1,072
2,721
4,018
3,964
3,555
2,712
1,101

19,323
19.91

Application
19,318
20



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits

Bin Coincident
Temperature Wet-Bulb
(°F) (°F)
113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,917,000

3

24
3

23

14

33

100

Hour per bin
(hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
397.0
159.0
32.0

Btuh
circuits
circuits
circuits
circuits
circuits
circuits

AC Heat
Rejection
(Btuh)
547,949
547 949
556,579
470,962
385,345
299,728
214,111
128,494
42,877
Y

OO0 OO0 QOO

Btuh Capacity
57,510
460,080
57,510
440,910
268,380
632,610

1,917,000

Refrigeration

Heat Rejection Load Factor

(Btuh)
1,020,203
1,020,203
1,020,203
1,020,203

938,543
938,543
938,543
938,543
938,543
938,543
938,543
938,543
938,543
938,543
938,543
938,543
938,543
938,543

Condenser, Measure #1

Condenser

(unitiess)

Calculated
Condenser
Load Factor,
Check
(unitiess)
2

1

[V O Y S G O Y

N
o

Total Rejected 20,414,405
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cooeNOR®NN
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Total Heat
Rejection
(Btuh)
1,568,151
1.568,151
1,676,782
1,491,165
1,323.888
1,238,271
1.152,654
1,067,037
981,420
938,543
938,543
938,543
938,543
938,543
938,543
938,543
938,543
938,543

Total Heat Total Heat
Rejection from Rejection from
the the
Application Application
(MBtuh) (Btuh)
1,642 1,642,000
1,642 1,642,000
1,651 1,651,000
1,565 1,565,000
1,479 1,479,000
1,394 1,394,000
1,308 1,308,000
1,222 1,222,000
1,137 1,137,000
1,094 1,094,000
1,094 1,094,000
1,094 1,094,000
1,094 1,094,000
1,094 1,094,000
1,094 1,094,000
1,094 1,084,000
1,094 1,084,000
1,094 1,094,000

22,886 22,886,000 Heat rejection differences are significant



Evaluation Compressor Savings

lce Creamn Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total

Pre-Retrofit
Demand
5.37
39.65
4.83
25.95
17.65
19.91

Total Refer w/ Compressor

Application Compressor Savings

ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total

Pre-Retrofit
Demand
5.40
39.70
4.80
26.00
17.70
20.00

Post-Retrofit

Demand
4.70
36.60
4.19
24.11
16.23
18.29

97.00

Post-Retrofit

Demand
4.70
36.70
4.20
24.10
16.20
16.00

Measure #

Demand
Savings
0.67
3.05
0.64
1.84
1.41
1.62
9.23

Measure #

Demand
Savings
0.70
3.00
0.60
1.90
1.50
4.00
11.70

Measure #2 Summary of Findings

Pre-Ratrofit  Post-Retrofit
Energy Energy
34,613 25.703

255,775 198,982
30,641 23,450
167,411 127.114
113,842 84,177
19.323 12.620

kW
519,727

Pro-Retrofit  Past-Retrofit
Energy Energy
34,614 25,700

256,243 199,416

30,697 23.507

167,448 127,119

113,889 84,182

19,318 7,943
(%)

Dark Green font is an estimate because this level of detall was missing from the application.

Applicaton Condenser Analysis
Condenser Fan Use

Evaluation Condenser Analysis
Condenser Fan Use

Pre-Retrofit
Demand
12.00

Pre-
Condenser
Rejection
{Btuh)
20.414,405

Final Results for Measure #2

Source Demand Impact Energy Impact
Evaluation 9.23 134,621
Application 11.70 123,207

Post-Retrofit

Demand
12.00

Post-
Condenser
Rejection
(Btuh)
19,468,203

Measure #

Demand
Savings
0.00

Difference in
Condenser

Heat
Rejection
{Btuh)
946,203

Pre-Retrofit  Post-Retrofit
Energy Energy
33,645 64,780
Measurse
Energy

Savings per

Condenser

Heat

Rejection

(kWh/Btuh) Post-Energy
-14.939 60,302

Measure #
Energy
Savings
8.910
56,793
7,191
40,297
29,666
6.703

149.560 kwh

Measure #
Energy
Savings
8,914
56,827
7.190
40,329
29,707
11,375

154,342  kWwh

Difference in
Condenser
Heat
Rejection
(Btuh)
1,972,000

Post-
Condenser
Rejection Rejection
(Btuh) {Btuh)
22,886.000 20,914,000

Pre-

Measure # Condenser
Energy

Savings (kWh)

-31,136

0.00309745 5.737BE-07

Post Demand
11.1704328

61061 .XLS

Measure
Energy
Savings per
Condenser
Heat
Rejection
(kWh/Btuh)
-0.02



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AG Condensing Clrcuits

Total Circuits

Bin

Temperature

°R
113
108
103
28
93
88
83
78
73
88
83
58
53
48
43
38
33
28

Total Refer w/ Compressor

Coincident
Wet-Bulb

(°F

1,300,000

2

Hour per bin

(hours)
1.8
27.€
138.8
248.9
322.0
380.8
526.0
§30.6
671.0
683.7
851.7
871.3
10417
854.2
754.1
488.9
258.7
87.2

Ice Cream, Measure #2

' Btuh rejected Compressor

Factor, Check for case Load Efficlency, EER  Constant

Btuh Btuh Capacity
circults 26,263
circults 91,919
circuits 236,364
clrcuits 354 545
circuits §90,209

6.50 26,006

Calculated Equivalent
A A i
Case Load Factor

(Btuh) (unitless) {unitless) {Btuh)
26,000 1.2 0.6 26,000
26,000 1.3 0.6 26,000
26,000 1.2 0.8 26,000
26,000 1.2 0.6 26,000
26,000 1.2 0.7 26,000
26,000 1.2 0.7 26,000
26,000 1.1 0.7 26,000
26,000 1.1 0.7 26,000
26,000 1.1 0.7 26,000
26,000 1.1 Q7 26,000
26,000 1.1 0.7 26,000
28,000 1.1 0.7 26,000
26,000 11 0.7 26,000
26,000 1.1 0.7 26,000
26,000 1.1 0.7 26,000
26,000 1.1 0.7 26,000
26,000 1.1 0.7 26,000
26,000 1A 0.7 26,000

(Btu/Watt-hr) (Btu/Watt-hr)

5.04
5.06
5.08
511
5.13
5.13
513
5.15
5.25
5.47
5.68
5.89
5.89
5.89
5.89
5.89
5.89
6.50

3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413

61067.XLS

Compressor

Conversion Btuh rejected

due 1o work
(Btuh)
17,607
17.537
17.468
17,366
17,298
17,298
17,298
17.231
16,902
16.223
15,823
15,066
15,066
15,066
15,066
15,068
15,066
13.652

Calculated
Bwh Rejected,
Check
(Btuh)
43,607
43,537
43,468
43,386
38,627
38.627
38,827
38,578
38.339
37.843
37.405
36,998
36,998
36.998
36,998
36.998
36,998
35,966

Load Factor
{unitiess)
1.00
1.00
1.00
1.00
0.73
0.73
0.73
0.73
0.73
Q.73
0.73
0.73
0.73
0.73
.73
0.73
0.73
0.73

KWh=
kWh=

Compressor
Energy Use
(kWh)
(kWh)

9
142
710
1.256
1,191
1.409

30.274
516

Application
16,375
2.5



Condenser Gapacity

lce Cream Condensing Circuits

LT#1 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits
AC Condensing Clreuits

Total Circuits

Bin

Temperature

CF)
113
108
103

Totai Refer w/ Comprassor

Coincident
Wet-Bulb
(°F)

74

1,300,000

2

Hour per bin

(hours)
1.8
27.6
138.8
248.9

Btuh
circuits
circuits
circuits
circuits
circuits

7.70

Retrigeration
Case Load
(Btuh)
116,249
116,249
116,249
118,249
116.249
116,249
116,249
116,249
116,249
116.249
116,248
116,249
116,249
116,249
116,249
116,249
116,249
116,249

LT#1, Moasure ¥#2

61667.XLS

Btuh Capaclty
26.263
91,019
236,364
354,545
590.909
116,249
Calculated Equivalent Compressor
PP Application  Btuh rejected  Comp Ci i Btuh rejected
Factor Factor, Check for case Load Efficiency, EER  Constant due 10 work
(unitiess) (unitiess} {(Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh)
1.2 0.5 116,249 6.80 3.413 58,347
1.1 0.5 116,249 6.20 3.413 63,993
1.1 0.5 116,249 6.30 3.413 62,977
1.1 0.5 116.249 6.40 3.413 61,993
11 0.6 116,249 6.50 3.413 61,040
1.1 0.6 116,248 6.50 3.413 61,040
1.1 0.6 116,248 6.60 3.413 60,115
1.1 0.6 116,249 8.70 3.413 59,218
1.1 0.6 118.249 6.80 3.413 58,347
1.0 0.6 116,249 6.80 3.413 $8.347
1.0 0.6 116.249 6.80 3.413 58.347
1.0 0.6 116,249 7.00 3.413 56,680
1.0 0.6 116,249 7.00 3.413 $6.680
1.0 0.6 116,249 7.00 3.413 58.680
0.9 0.6 116,249 7.00 3.413 56,580
0.9 0.6 116,249 7.00 3.413 58.680
0.9 0.6 116,249 7.00 3.413 58,880
0.9 0.6 116,249 7.70 3.413 51,527

Calculated
Btuh Rejected,
Check
(Btuh)
174,596
180,242
179,226
178,242
168,977
158,877
158,329
157,701
157,092
157,092
157,082
155,925
155,925
155,825
155,925
155,925
155,925
152,318

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)
3
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
8.766
5,683
3,007
922

108.273
17.10

Application
57,258
8.8



Condenser Capacity

Ice Cream Condensing Circuits

LT#1 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits
AC Condensing Circuits

Total Clireuits

Bin
Temperature
(i3]
113
108
103
98
93
a8
83
78
73
68
63
58
53
48
43
a8
33
28

Total Reter w/ Compressor

Coincident
Wet-Bulb
(°F)
74
72
70
68
66
66
63
61

1,300,000
2

Hour per bin
(hours)
1.8
27.6
138.8
248.9
322.0
3680.8
526.0
5§30.6
671.0
683.7
851.7
871.3
1041.7
B854.2
754.1
488.9
258.7
87.2

Btuh
circuits
circuits
circuits
circuits
circuits

13 00

Refrigeration
Case Load
(Btuh)
151,600
151,600
151,600
151,600
151,600
151,600
151,600
151,600
151,600
151,600
151,600
151,600
151,800
151,600
151.800
151,600
151,600
151,600

MT#1, Measure #2

61067.XLS

Btuh Capacity
28,2623
91,919
236,364
354,545
590,909
151.800
Calculated Equivalent Compressor
A n Application  Btuh rejected Compressor  Conversion Btuh rejected
Factor Factor, Check for case Load Efficlency, EER  Constant due to work
(unitless) {unitiess) {Btuh) {Blu/Watt-nr) (Btu/Watt-hr) (Btuh)
1.1 1.1 151,600 8.15 3.413 58,548
1.1 1.1 151,600 9.15 3.413 58,548
1.1 1.1 151,600 9.25 3.413 65,936
1.1 1.1 151,600 934 3.413 55.397
1.1 1.2 151,600 9.39 3.413 55,102
1.1 1.2 151,600 9.39 3.413 55,102
11 1.2 151,600 9.49 3.413 54,522
1.1 1.2 151,600 9.54 3.413 54,236
11 1.2 151.600 9.73 3.413 53.177
1.2 1.3 151,600 10.11 3.413 51,178
1.2 1.3 151,800 10.69 3.413 48,401
1.2 1.3 151,600 11.07 3.413 48,740
1.2 1.3 151,600 11.07 3.413 46,740
1.2 1.3 151.600 11.07 3.413 48.740
1.2 1.3 161,600 11.07 3.413 46,740
1.2 1.3 151,600 11.07 3.413 46,740
1.2 1.3 151,600 11.07 3.413 46,740
1.2 1.3 151,600 13.00 3.413 39,801

Calculated
Btuh Rejected,
Check
(Btuh)
208,148
208,148
207,536
208,997
191,825
191,825
191,401
191,192
180,419
188,960
186,933
185,720
185,720
185,720
185,720
185,720
185,720
180,655

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=
kWhs=

Compressor
Enargy Use
(kWh)
(kwh)
30
457
2,275
4,007
3.785
4,488
6.134
6,155
7,632
7.484
8,817
8,710
10,414
8,540
7.538
4,888
2,586
742

94,694
16.57

Application
91,310
16.6



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Refer w/ Compressor

Total Circuits
8in Coincident
Temperature ‘Wet-Bulb
CF) F)
113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
as 36
33 3z
28 27

1.300.000
2

Hour per bin
{hours)
1.8
276
138.8
246.9
322.0
380.8
526.0
530.8
671.0
683.7
851.7
871.3
1041.7
854.2
754.1
488.9
258.7
87.2

Btuh
circuits
circuits
circuits
circuits
circuits

15 51

Refrigeration
Case Load
(Btuh)
239,371
239,371
239,371
239,371
239,371
239,371
239,371
239,371
239,371
239,371
239,371
239,371
239,371
239,371
238.371
238,371
239,371
239,371

MT#2, Measure #2

61067.XL.S

Btuh Capacity
26.263
91,919
236,364
354,545
580,909
239,371
Calculated Equivalent Compressor
PP d App 1 Btuh rejected Compressor  Conversion Btuh rejected
Factor Factor, Check for case Load Efficiency, EER  Constant due to work
{unitiess) {unitless) (Btuh) {Btu/Watt-nr) (Btu/Watt-hr) (Btuh)
1.1 1 239,371 10.57 3.413 77.292
1.1 1.1 239,371 10.70 3.413 76,353
1.1 11 239,371 10.84 3.413 76,367
1.1 11 238.371 11.26 3.413 72,555
1.1 1.2 239,371 11.39 3.413 71,727
1.1 12 23931 11.39 3.413 71,727
1.1 1.2 239,371 11.67 3.413 70,006
1.1 1.2 239,371 11.81 3.413 69,176
1.1 1.2 239.37 11.97 3.413 68.252
14 1.2 239,374 12.30 3.413 66,421
1.1 1.2 239,371 12.63 3.413 64,685
1.2 1.2 239,371 12.96 3.413 63,038
1.2 1.2 239,374 12.96 3.413 63,038
1.2 1.2 239,371 12.96 3.413 63,038
1.2 1.2 239,371 12.96 3.413 63,038
1.2 1.2 239,371 12.96 3.413 83,038
1.2 1.2 239,371 12.96 3.413 63,038
1.2 1.3 239,371 15.51 3.413 52,674

Calculated

Btuh Rejected,

Check
(Btuh)
316,663
315,724
314,738
311,826
291,732
291,732
290,476
289,870
289,185
287,858
286,591
285,389
285,389
285,389
285,389
285,389
285,389
277,823

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=

Comprassor
Energy Use
(kWh)
(kWh)
41
817
3,085
5,249
4.940
5,842
7.876
7,851
9,795
9.713
11,784
11,748
14,045
11,517
10,168
6,582
3,488
982

Application
121,005
22.8



AC, Measure #2

Condenser Capacity 1,300,000 Btuh Btuh Capacity
Ice Cream Condensing Circuits 2 circuits 26,263
LT#1 Condensing Circuits 7 circuits 31,919
MT#1 Condensing Circuits 18 circuits 236,364
MT#2 Condensing Circuits 27 circuits 354,545
AC Condensing Circuits 45 circuits 5£90.909
Total Circuits 99

Total Refer w/ Compressor 0.00

Equivalent Comprasgsor

Bin Coincidgent Btuh rejected Compressor  Conversion Btuh rejected
Temperature Wet-Bulb Hour per bin AC Load AC Load for AC Efficiency, EER  Constant due to work

(°F) (°F) {hours) (tons) {Btuh) {Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh)

113 74 1.8 30.00 360,000 360,000 21.90 3.413 56,104

108 72 27.6 30.00 360,000 360,000 22.34 3.413 54,999

103 70 138.8 28.68 344,160 344,160 24.93 3.413 47,117

98 68 246.9 24.26 291,120 291,120 28.73 3.413 34,584

93 66 322.0 19.85 238,200 238,200 35.06 3.413 23,188

88 66 380.8 15.44 185,280 185,280 36.07 3.413 17,531

83 63 526.0 11.03 132,360 132,360 40.12 3.413 11,260

78 61 530.6 6.62 79,440 79,440 40.12 3.413 6,758

73 59 671.0 .21 26,520 26,520 23.66 4.413 4,046

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

61067.XLS

Calculated
Btuh
Rejected,
Check
(Btuh)
416,104
414,999
391,277
325,704
261,388
202,811
143,820
88,198
36.413

Load Factor
(unitless)

kWh=
kWh=

Compressor
Energy Use
(kWh)
(kWh)
30
445
1,916
2,502
2,188
1,956
1,735
1.051
1,504

13,326
16.44

Application
9.084
16



Condenser Capacity

Ice Cream Condensing Circuits

LT#1 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits
AC Condensing Circuits

Total Circuits

Bin
Temperature
°F)
113
108
103
98
93
88
83
78
73
68
63
58
53
48
43
38
33
28

Total Refer w/ Compressor

Coincident
Wet-Bulb
(°F)
74
72
70
68
66
66
63
61
59
56
53
50
47
43
40
36
32
27

1,300,000
2
7
18
27
45
939

Hour per bin
(hours)
1.8
27.6
138.8
246.9
322.0
380.8
526.0
530.6
671.0
683.7
851.7
871.3
1041.7
854.2
754.1
488.9
258.7
87.2

Btuh
circuits
circuits
circuits
circuits
circuits

646761.46

AC Heat
Rejection
(Btuh)
416,104
414,999
391,277
325,704
261,388
202,811
143,620
86,198
36,413
[

SCoOoo0o0QoQOo0

Btuh Capacity
26,263
91,818
236,364
354,545
590,909

1,300,000

Refrigeration

(Btuh)
743,013
747,651
744,968
740,632
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
Heat Rejection Load Factor
(unitless)

.3

1

PHNOOORONDMNRNN = 2

Condenser, Measure #2

Calculated
Condenser
Load Factor,
Check
(unitiess)

1.

[ I T T Y S Sl A S y

Total Rejected

610687 .XL.S

CwOBNBL AN

PN NN N
CO 0O OO

1

Total Heat
Rejection
(Btuh)
1,159,117
1,162,650
1,136,245
1,066,235
942,549
883,972
822,453
763,540
711,457
671,752
668,021
664,032
664,032
664,032
664,032
664,032
664,032
646,761

14,618,943

Total Heat Total Heat
Rejection from Rejection from
the the
Application Application
(MBtuh) (Btuh)
1,038 1,038,000
1,045 1,045,000
968 968,000
901 901,000
837 837,000
778 778,000
720 720,000
661 661,000
623 623,000
626 626,000
621 621,000
618 618,000
619 619,000
620 620,000
621 621,000
622 622,000
623 623,000
610 610,000

13,151 13,151,000 Heat rejection differences are significant



Ice Cream, Measure #1

Condensar Capacity 1,300,000 Btuh Btuh Capacity
Ice Cream Condensing Circuits 2 circuits 28,263
LT#1 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 89 1,300,000
Total Refer w/ Compressor 5.C¢ 26.000
Calcuiated Equivaient Compressor
Bin Coincident Refrig Appli Applii Btuh rejected Compressor  Conversion Btuh rejected
Temperature Wot-Bulb Hour per bin ~ Case Load Factor Factor, Check for case Load Efficiency, EER  Constant due to work
(°F) °F) (hours) (Btuh) (unitless) (unitiess) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh)
13 74 1.8 26,000 1.3 0.6 26,000 5.04 3.413 17.607
108 72 27.6 26,000 1.3 0.6 26,000 5.06 3.413 17,537
103 70 138.8 26,000 1.2 0.6 26,000 5.08 3.413 17,537
28 68 248.9 26,000 1.2 0.6 26,000 5.06 3.413 17.537
93 66 322.0 26,000 1.2 0.6 26.000 5.08 3.413 17,537
88 €6 380.8 26,000 1.2 0.7 26,000 5.06 3.413 17.537
B3 €3 526.0 26,000 1.2 0.7 26,000 5.06 3.413 17,537
78 61 530.6 26,000 1.2 o7 26,000 5.06 3.413 17,537
73 59 671.0 26,000 1.2 0.7 26,000 5.06 3.413 17.537
68 56 683.7 26,000 1.2 07 26.000 5.06 3.413 17,537
63 53 851.7 26.000 1.2 0.7 26,000 5.06 3.413 17,537
58 50 871.3 26,000 1.2 0.7 26,000 5.06 3.413 17,537
53 47 1041.7 26,000 1.2 07 26,000 5.08 3.413 17.537
48 43 854.2 26,000 1.2 0.7 26,000 5.06 3.413 17.537
43 40 754.1 26,000 1.2 0.7 26.000 5.06 3.413 17,837
as 36 488.9 26,000 1.2 0.7 28,000 5.06 3.413 17,537
33 32 258.7 26,000 1.2 0.7 26,000 5.06 3.413 17.537
28 27 87.2 26,000 1.2 o7 26,000 5.06 3.413 17.537

61067.XLS

Calculated
Btuh Rejected,
Check
{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
38,802
38,802
38,802
38,802
38,802

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 Use
(kWh)
(kWh)
9
142
713
1,269
1.855
1,428
1,873
1,980
2,517
2.585
3,185
3.268
3,807
3,204
2.829
1,834
970
327

33,795
5.18

Application
16,000
2.5



Condanser Capacity

Ice Cream Condensing Circuits

LT#1 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits
AC Condensing Circuits

Total Circuits

Bin
Temperature
)
113
108
103

Total Refer w/ Compressor

Coincident
Wet-Bulb

(‘F)

1,300,000

2

LT#1, Measure #1

Hour per bin Case Load

(hours)
1.8
27.8
138.8
2486.9
322.0
380.8
526.0
530.6
671.0
683.7
851.7
871.3
1041.7
854.2
7541
488.9
258.7
87.2

Bluh Btuh Capacity
circuits 26.283
circuits 91,919
circuits 236,364
circuits 354,545
circuits 590,909
1,300,000
550 116,249
Calculated Equivalent Estimated Compressor
i " Application Applicati Btuh rej d Compressor Conversion Btuh rejectad
Factor Factor, Check for case Load Efficiency, EER  Constant due to work
(Btuh) (unittess) {unitiess) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh)
116,248 1.9 0.5 116,249 6.30 3.413 62,977
116,249 1.1 0.8 116,249 6.20 3.413 63,993
116,249 1.1 0.5 116,248 6.30 3.413 62,977
116,249 1.1 05 116.249 6.40 3.413 61.993
116,249 1.1 0.5 116,249 6.50 3.413 61,040
116,249 1.1 0.6 116,248 6.50 3.413 81,040
116,249 1.1 0.6 116,249 6.50 3.413 61,040
116,249 1.1 0.6 116,249 6.50 3.413 61,040
116,249 1.1 [¢X-1 116,249 6.50 3.413 61,040
118,249 1.1 0.6 116,249 6.50 3.413 61,040
116,249 1.1 0.6 116.249 86.50 3.413 61,040
116,249 1.1 0.6 116,248 6.50 3.413 61,040
116,249 1.1 0.6 116,249 6.50 3.413 61,040
116,249 11 0.8 116.249 6.50 3.413 61,040
116,249 11 0.6 116,249 8.50 3.413 61,040
116,249 1.1 0.6 116,249 6.50 3.413 61.040
116,248 11 0.6 116,249 6.50 3.413 61,040
116,249 1.1 0.6 116,249 6.50 3.413 61,040
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Cakulated
Btuh Rejected,
Check
(Btuh)
179,226
180,242
179,226
178,242
177,289
158,977
158,977
158,977
158,977
158,977
158,977
158,977
158,977
158,977
158,877
158,977
158,977
158,977

Load Factor
(unitless)
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
0.70
0.70

kWh=
kWh=

Energy Use
(kwh)
(KWh)

33
517
2,561
4,485
5.7589
4,767
6,585
6,643
8,400
8.559
10.663
10,908
13,041
10,694
9.4414
6,121
3.239
1,002

113.507
18.45

Application
56,770
8.8



Condenser Capacity

ice Cream Condensing Circuits

LT#1 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits
AC Condensing Circuits

Total Circuits

Bin
Temperature
°F)
113
108
103
98
93
88
83
78
73
68
63
58
53
48
43
38
33
28

Total Refer w/ Compressor

Coincident
Waet-Bulb
°F)

74
72
70
68
66

1,300,000
2

Hour per bin
{hours)
1.8
27.8
138.8
248.9
322.0
380.8
526.0
§30.6
671.0
683.7
851.7
871.3
1041.7
854.2
FoA N
488.9
258.7
87.2

Btuh
circuits
circuits
circuits
circuits
clrcuits

9.3¢

Refrigaration
Case Load
(Btuh)
151,600
151,600
151,800
151,600
151,600
151,600
151,600
151,600
151,600
151,600
151,600
151,600
151,800
151,600
151,800
151,600
151,600
151,600

MT#1, Measure #1
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Btuh Capacity
28.263
91,919
238,364
354,545
580,909
1,300,000
151,800
Calculated Equivalent Compreseor
A n Applicath Btuh rejected Comp Cor i Btuh rej d
Factor Factor, Check for case Load Efficiency, EER  Constant due to work
(unitless) {unitless) (Btuh) {Btu/Watt-hr) (Btu/Watt-hr) {Btuh)
11 1.1 151,600 9.15 3.413 56,548
1.1 1.1 151,600 9.15 3.413 56,548
1.1 1.1 151,600 9.25 3.413 55,936
1.1 1.1 151,600 9.30 3.413 55.636
1.1 1.2 151,600 9.30 3.413 55,638
1.1 1.2 151,600 8.30 3.413 55,636
1.1 1.2 151,600 9.30 3.413 55,6368
1.1 1.2 151,600 9.30 3.413 55,636
1.1 1.2 151.600 9.30 3.413 55,636
1.1 1.2 151,600 9.30 3.413 55,636
1.1 1.2 151,600 9.30 3.413 55,636
1.1 1.2 151,600 9.30 3.413 55,636
1.1 1.2 151,600 9.30 3.413 55,636
11 1.2 151,600 9.30 3.413 55.636
1.1 1.2 151,600 9.30 3.413 55,636
1.1 1.2 151,600 9.30 3.413 55,836
1.1 1.2 151,800 9.30 3.413 55,636
1.1 1.2 151,600 9.30 3.413 55,836

Calculated
Biuh Rejected,
Check
(8tuh)
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
182,214
192,214
192,214
192,214
192,214

t.oad Factor
{unitiess)
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)
30
457
2,275

105.815
16.57

Application
105,858
16.6



Condenser Capacity

ice Cream Condensing Circuits

LT#1 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits
AC Condensing Circuits

Total Circuits

Bin
Temperature
CF)

113
108
103
98
93
a8

Total Refer w/ Compressor

Coincident

Wet-Bulb
(°F)

1,300,000

2
7
18
27
45
98

{hours}
1.8
27.6
138.8
248.9
322.0
380.8
526.0
530.6
671.0
683.7
851.7
8713
1041.7
854.2
754.1
488.9
258.7
87.2

MT#2, Measure #1

Hour perbin  CaseLoed

Btuh Btuh Capacity

circuits 26,263
circuits 91,819

circuits 238,364

circuits 354,545
circuits 590,909

1,300,000
112 240.800
Calculated Equivalent Compressor
f A Applicati Buh rejected Comp o ' Btub rej
Factor Factor, Check for case Load Efficiency, EER  Constant due to work

(Btuh) {unitless) {unitless) (Btuh) (Btu/Watt-hr) (Btu/Wati-hr) {Btuh)
240,600 1.1 1.1 240,690 10.57 3.413 77,689
240,600 1.1 1.1 240,600 10.70 3.413 76,745
240,600 1.1 11 240,600 10.84 3.413 75,753
240,600 1.1 1.1 240.600 11.12 3.413 73.846
240,600 1.1 1.2 240,600 11.12 3.413 73,846
240,600 1.1 1.2 240.600 11.12 3.413 73,846
240,600 1.1 1.2 240,600 11.12 3.413 73,846
240,600 1.1 1.2 240,600 11.12 3.413 73,848
240,600 11 1.2 240.600 11.12 3.413 73,846
240,800 1.1 1.2 240,600 11.12 3.413 73,846
240,600 1.1 1.2 240,600 11.12 3.413 73,848
240,600 1 1.2 240,600 11.12 3.413 73,846
240,600 1.1 1.2 240,600 11,12 3.413 73,846
240,600 1.1 1.2 240,600 11.12 3.413 73,846
240,600 1.1 1.2 240,600 11.12 3.413 73,846
240,600 1.1 1.2 240,600 11.12 3413 73,846
240,600 1.1 1.2 240,600 11.12 3.413 73,848
240,600 1.1 1.2 240,600 11.12 3.413 73,846
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Calculated
Btuh Rejected,
Check

(Btuh)
318,289
317,345
316,353
314,446
204,508
294,508
294,508
294,508
294,508
294,508
294,508
294,508
294,508
284,508
294,508
294,508
294,508
294,508

Load Factor
{unitiess)
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
(kwn)
(kWh)
41
821
3,081
5,342
5.086
6,015
8,308
8,381
10,508
10,769
13.452
13,782
16,453
13,402
11,911
7,722
4,086
1,377

140.527
22.76

Application
140,557
22.8



Condenser Capacity

Ice Cream Condensing Circuits

LT#1 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits
AC Condensing Circuits

Total Circuits

Bin
Temperature
(°F)
113
108

Total Reter w/ Compressor

Coincident
Wet-Buib
(°F)

74
72

1.300.000
2
I4
18
27
45
99

Hour per bin
(hours)
1.8
27.6
138.8
246.9
322.0
380.8
526.0
530.6
671.0
683.7
851.7
871.3
1041.7
854.2
754.1
488.9
258.7
87.2

Btuh
circuits
circuits
circuits
circuits
circuits

0.0¢0

AC Load
(tons)
30.00
30.00
28.68
24.26
19.85
15.44
11.03
6.62
.21

Btuh Capacity

26,263

91,919
236.364
354,645
590,909

1,300,000

AC Load
(Btuh)
360,000
360,000
344,160
291,120
238,200
185,280
132,360
79,440
26,520

AC, Measure #1t

Equivalent
Btuh r ; d Cc P | Cor ion
for AC Efficiency, EER  Constant
{Btuh) (Btu/Watt-hr) (Btu/Watt-hr)
360,000 21.47 3.413
360,000 21.47 3.413
344,160 21.47 3.413
291,120 21.47 3.413
238,200 21.47 3.413
185,280 21.47 3.413
132,360 21.47 3.413
79,440 21.47 3.413
26,520 21.47 3.413
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Compressor
Btuh rejected
dua to work
{Btuh)
57,228
57,228
54,710
46,278
37,866
29,453
21,041
12,628
4,216

Calculated
Btuh
Rejected,
Check
(Btuh)
417,228
417,228
398,870
337,398
276,066
214,733
153,401

82,068
34,952

Notes
The application agsumes a lower AC load in the post-measure #2 retrofit condition.

Load Factor
(unitless)

1.

1
1
1
1.
1
1
1

kWh=
kWh=

Compressor
Energy Use
(kWh)
(kWh)
30
463
2,225
3,348
3,572
3,286
3,243
1,963
1,658

19,788
16.77

Application
18,970
17



Condenser Capacity 1,300,000
lce Cream Condensing Circuits 2
LT#1 Condensing Circuits 7
MT#1 Condensing Circuits 18
MT#2 Condensing Circuits 27
AC Condensing Circuits 45
Total Circuits 93

Total Refer w/ Compressor

Bin Coincident
Temperature Wet-Buib 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

Btuh
circuits
circuits
circuits
circuits
circuits

684500.45

AC Heat
Rejection
(Btuh)
417,228
417,228
398,870
337,398
276,066
214,733
153,401
92,068
34,952
0

COO0OO0OOoOO0O

Btuh Capacity
26,263
91,919
236,364
354,545
590,909

1,300,000

Refrigeration

(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

Heat Rejection Load Factor

(unitless)
1.

LLaLLL4LaLaLab 0 NOROOBDN

NNOORBRONNN S S

Condenser, Measure #1

Calculated
Condenser
Load Factor,
Check
{unitless)
A

1

b aeh umk mh b wh b b o ek md b b b b

Total Rejected

61067.XLS

DOODODOODDOND RN

Total Heat
Rejection
{Btuh)
1,166,497
1,166,499
1,145,523
1,080,859
983.613
899,234
837,801
776,569
719,452
684.500
684,500
684,500
684,500
684,500
684,500
684,500
684,500
684,500

14,936,652

Total Heat Total Heat
Rejection from Rejection from
the the
Application Application
(MBtuh) (Btuh)
1,049 1,049,000
1,047 1,047,000
1,027 1,027,000
965 965,000
903 903,000
842 842,000
781 781,000
719 719,000
658 658,000
627 627,000
627 627,000
627 627,000
628 628,000
629 629,000
630 630,000
631 631,000
632 632,000
627 627,000

13,649 13,649,000 Heat rejection differences are significant



Measure #2 Summary of Findings

Measure # Measure #
Pre-Retrofit  Post-Retrofit Demand Pre-Retrofit  Post-Retrofiy Energy
Evaluation Compressor Savings Demand 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 84,694 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 kWh
Total Refer w/ Compressor 61.47 356,563
Measure # Measure #
Pre-Retrofit  Post-Retrofit Demand Pre-Retrofit  Post-Retrofit Energy
Application Compressor Savings  Demand 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.

Measure
Energy
Difference in  Savings per
Post- Condenser Condenser
Measure # Measure # Pre-Condenser Condenser Heat Heat
Pre-Retrofit  Post-Retrofit Demand Pre-Retrofit  Post-Retrofit Energy Rejection Rejection Rejection Rejection
Applicaton Condenser Analysis Demand 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 13,648,000 13,151,000 498,000 -0.07

0.00152956 5.8612E-07

Differsnce in
Post- Condenser
Pre-Condenser Condenser Heat
Rejection Rejection Rejection
Evaluation Condenser Analysis (Btuh) (Btuh} (Btuh) Post-Energy  Post Demand
Condenser Fan Use 14,936,652 14,618,943 317,708 22.847 8.75472297

Final Results for Measure #2
Source Demand mpact Energy Impact
Evaluation 1.80 66,399
Application 1.00 6,029
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Condenser Capacity

ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits

Bin

Temperature

(°F)
113
108
103
98
93
88
83

Coincident
Wet-Bulb

)
74

2,425,000

8
14

LT#1, Measure #2

Hour per bin  Case Load

(hours)
2.0
28.0
139.0
247.0
322.0
381.0
526.0
531.0
671.0
684.0
852.0
871.0
1042.0
854.0
754.0
489.0
259.0
87.0

Btuh Btuh Capacity
circuits 195,960
circuits 342,929
circuits 0
clrcuits 857,323
circuits 587,879
circuits 440,809
2,425,000
Calculated Equivalent Compressor
Ap v Applicati Btuh rejected Comp Conversion  Btuh rejected
Factor Factor, Check for case Load Efficiency, EER  Constant due to work
{Btuh) (unitless) (unitless) {Btuh) (Btu/Watt-hr) (Btu/Watt-hr) {Btuh)
147,847 1.5 1.5 147,847 6.10 3.413 82,722
147,847 1.5 1.5 147,847 6.20 3.413 81,387
147,847 1.5 1.5 147.847 6.30 3.413 80.096
147.847 1.5 1.5 147,847 6.50 3.413 77,631
147,847 1.5 1.7 147.847 6.60 3.413 78,455
147,847 1.5 1.7 147,847 6.60 3.413 76,455
147,847 1.5 1.7 147,847 6.80 3.413 74,206
147,847 1.5 1.7 147.847 6.90 3.413 73.131
147,847 1.6 1.7 147,847 7.00 3.413 72,088
147,847 1.6 1.7 147,847 7.20 3.413 70,084
147,847 1.6 1.8 147,847 7.40 3.413 68,189
147,847 1.6 1.8 147,847 7.50 3.413 67,280
147,847 1.6 1.8 147.847 7.80 3.413 84.693
147,847 1.6 1.8 147,847 8.60 3.413 58,675
147,847 1.7 1.8 147,847 8.70 3.413 58,000
147,847 1.7 1.8 147,847 8.70 3.413 58,000
147,847 1.7 1.8 147,847 8.70 3.413 58,000
147,847 1.7 1.8 147.847 8.70 3.413 58.000
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Calculated
Btuh Rejected,
Check

{Btuh)
230,569
229,234
227,943
225,478
201,365
201,365
199,791
159,038
198,307
196,906
195,580
194,943
183,132
188,919
188,447
188,447
188,447
188,447

Load Factor
(unitiess)
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)
48
668
3,262
5.618
5,049
5,974
8,005
7,964
9.921
9,832
11,916
12,019
13,828
10,277
8,969
5,817
3,081
1,035

123,282
24 24

Appiication
128,092
24.1



Condenser Capacity

ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits
Bin Coincident
Temperature Wet-Bulb
°F) %3}
113 74
108 72
103 70
98 68
93 68
a8 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 38
33 32
28 27

2,425,000

8

14
0

35

24

18
98

Hour per bin
(hours)

MT#1, Measure #2

Btuh Btunh Capacity
circuits 185,960
circuits 342,929
circuits 0
clreuits 857,323
clreuits 587,879
circuits 440,909
2,425,000
Caiculated Equivalent Compressor
Refrigerati Applicati Ar v Btuh rejected Comp [# ' Btuh rejected
Case Load Factor Factor, Check for case Load Efficiency, EER  Constant aue 1o work
(Btuh) {unitiess) {unitiess) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) {Btuh)
428885 1.00 0.6 428,885 9.39 3.413 165,888
428885 1.00 0.6 428,885 9.39 3.413 155,888
428885 1.00 0.8 428,885 9.49 3.413 154,245
428885 1.00 0.6 428.885 9.73 3.413 150,440
428885 0.73 0.6 428,885 9.92 3.413 147,559
428885 0.73 0.6 428,885 9.92 3.413 147,559
428885 0.73 0.6 428,885 10.50 3.413 139,408
426885 0.73 0.6 428,885 10.50 3.413 139,408
428885 0.73 0.7 428.885 10.88 3.413 134,539
428885 0.73 0.7 428,885 11.26 3.413 129,899
428885 0.73 0.7 428,885 11.861 3.413 126,080
428885 0.73 0.7 428,885 11.92 3.413 122,801
428885 0.73 0.7 428,885 12.38 3.413 118,238
428885 0.73 0.7 428.885 13.97 3.413 104,781
428885 0.73 0.7 428,885 14.39 3.413 101,722
428885 0.73 0.7 428,885 14.39 3.413 101,722
428885 0.73 0.7 428,885 14.39 3413 101,722
428885 0.73 0.7 428,885 14.39 3.413 101,722
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Calculated
Btuh Rejected,
Check

(Btuh)
584,773
584,773
583,130
579,325
536,603
536,603
530,653
530,653
527,088
523,784
520,923
518,530
515,199
505,376
503,142
503,142
503,142
503,142

Load Factor
{unitiess)
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

()

Appiication
238,435
45.7



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits

Bin Coincident
Temperature Wet-Bulb
°F) °F
113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

2,425,000
8

Hour per bin
{hours)
2.0
28.0
139.0
247.0
322.0
381.0
526.0
$31.0
671.0
684.0
852.0
871.0
1042.0
854.0
754.0
489.0
259.0
87.0

MT#2, Measure #2

Btuh Btuh Capacity

circuits 195,860
circuits 342,929
circuits 0
circuits 857,323
circuits 587,879
circuits 440,909
2,425,000
Calculated Equivalent Compressor
Refrigeration  Ap d Application  Btuh rejected Comp Conversion  Btuh rejected
Case Load Factor Factor, Check for case Load Efficiency, EER  Constant due to work
(Btuh) (unitless) {unitiess) (Btuh) {Btu/Watt-hr) (Btu/Watt-hr) (Btuh)
307,541 1.5 2.2 307.541 12.28 3.413 85,615
307,541 1.5 2.2 307,541 12.41 '3.413 84,580
307.541 1.5 2.2 307,541 12.72 3.413 82,519
307,541 1.5 2.2 307.541 13.09 3.413 80,186
307,541 1.5 23 307,541 13.28 3.413 79,038
307.541 1.5 2.3 307,541 13.28 3.413 79,039
307,541 1.5 2.4 307,541 13.84 3.413 75,841
307,541 1.5 2.4 307,541 13.84 3.413 75,841
307,541 1.5 2.4 307.541 14.21 3.413 73,866
307,541 1.5 2.4 307,541 14.58 3.413 71,992
307,541 1.5 2.4 307.541 15.05 3.413 69,743
307,541 1.6 2.4 307.541 15.76 3.413 86,601
307,541 1.6 24 307,541 16.23 3.413 64,673
307,541 1.6 2.5 307.541 18.63 3.413 56.341
307,541 1.6 25 307,541 19.05 3.413 55,099
307,541 1.6 2.5 307.541 19.05 3.413 55,099
307,541 1.6 2.5 307,541 19.05 3.413 55,089
307.541 1.6 2.5 307,541 19.05 3.413 55,099
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Calcutated

Biuh Rejected,

Check
{Btuh)
393,156
392,121
390,060
387,727
365,239
365,239
362,808
362,905
361,463
360,095
358,454
356,160
364,752
348,670
347,763
347,783
347,763
347,763

Load Factor

{unitiess)
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)
50
694
3,381
5,803
5,444
6,441
8.532
8,614
10,601
10,532
12.710
12,408
14,414
10.281
8.886
5,763
3,052
1.025

128.621
2508

Application
128,596
25.1



AC, Measure #2

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 Condensing Circuits o] 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
Calculated
Equivalent Compressor Btuh Compressor
Bin Coincident Btuh rejected Compressor  Conversion Btuh rejected Rejected, Energy Use
Temperature  Wet-Bulb Hour per bin AC Load AC Load for AC Efficiency, EER  Constant due to work Check Load Factor (kWh)
(°F) (°F) (hours) (tons) (Btuh) {Btuh) {Btu/Watt-hr) (Btu/Watt-hr) (Btuh) (Btuh) {unitless) {kWh)
113 74 2.0 50.00 600,000 600,000 17.77 3.413 115,239 715,239 1.00 68
108 72 28.0 44.12 529,440 529,440 19.24 3.413 93,918 623,358 1.00 770
103 70 139.0 38.24 458,880 458,880 21.44 3.413 73,048 531,028 1.00 2,975
98 68 247.0 32.35 388,200 388,200 25.17 3.413 52,639 440,839 1.00 3,810
93 66 322.0 26.47 317,640 317,640 29.94 3.413 36,209 353,849 1.00 3,416
88 66 381.0 20.59 247,080 247,080 34.68 3.413 24,316 271,396 1.00 2,714
83 63 526.0 14.71 176,520 176,520 49.62 3.413 12,142 188,662 1.00 1,871
78 61 §31.0 8.82 105,840 105,840 55.79 3.413 6,475 112,315 1.00 1,007
73 59 671.0 2.94 35,280 35,280 60.72 3.413 1,983 37,263 1.00 390
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
Application
kWh= 17,022 = 16,995
KWh= 33.78 = 34

61068.XLS



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits

Bin Coincident
Temperature Wet-Bulb
(°F) (°F)
113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 61
73 59
68 56
63 53
58 50
63 47
48 43
43 40
38 36
33 32
28 27

2425000
8
14
0
35
24
18
99

Hour per bin
(hours)
2.0
28.0
139.0
247.0
322.0
381.0
526.0
531.0
671.0
684.0
852.0
871.0
1042.0
854.0
754.0
489.0
259.0
87.0

Btuh
circuits
circuits
circuits
circuits
circuits
circuits

AC Heat
Rejection
(Btuh)
715,239
623,358
531,928
440,839
353,849
271,396
188,662
112,315
37,263
0

OO0 OO0 OO0 0O

Condenser, Measure #2

Btuh Capacity

195,960
342,929
0
857,323
587,879
440,909
2,425,000

Refrigeration
Heat
Rejection
(Btuh)
1,381,868
1,379,499
1,374,230
1,363,645
1,256,121
1,256,121
1,241,749
1,240,996
1,235,269
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

Condenser
Load Factor
(unitless)
1.2

L U U O QI (U QT U U | U (R S W G-
OCWOWWODHWDEEEEDODNDINDWWN

61068.XL.S

Calculated
Condenser
Load Factor,
Check
(unitless)
1.2

LLuuLlL o000 0oNwLN

Total Heat
Rejection
(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

Total Rejected 25,770,629

Total Heat
Rejection
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
Rejection
from the

Application

(Btuh)

2,097,000

2,005,000

1,807,000

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



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits
Bin Coincident
Temperature Wet-Bulb
°F (°F)
113 74
108 72
103 70
98 68
93 66
88 66
83 83
78 61
73 58
€8 §6
83 53
58 50
53 47
48 43
43 40
38 38
33 32
28 27

2,425,000
8
14

lce Cream, Measure #1

Hour per bin Ca;e Load

(hours)
2.0
28.0
139.0
247.0
322.0
381.0
526.0
531.0
671.0
684.0
852.0
871.0
1042.0
854.0
754.0
489.0
259.0
87.0

Btuh Btunh Capacity
cireuits 195,960
clreuits 342,929
circuits 0
circuits 857,323
circuits 587,879
circuits 440,909

2,425,000

Caiculated Equivalent
i fon  Appll ' Applicati Btuh rejected  Comp
Factor Factor, Check for case Load Efficdency, EER  Constant

(Btuh) (unitless) {unitioss) (Btuh} (Blu/Watt-hr) (Btu/Watt-hr)
103.700 1.2 1.1 103,700 4.70 3.413
103,700 1.2 1.1 103,700 4.70 3.413
103,700 1.2 11 103,700 4.70 3.413
103,700 1.2 1.1 103,700 4.70 3.413
103,700 1.2 1.2 103,700 4.70 3.413
103,700 1.2 1.2 103,700 4.70 3.413
103,700 1.2 1.2 103,700 4.70 3.413
103,700 1.2 1.2 103,700 4.70 3.413
103,700 1.2 1.2 103.700 4.70 3.413
103,700 1.2 1.2 103,700 470 3.413
103,700 1.2 1.2 103,700 4.70 3.413
103,700 1.2 1.2 103,700 4.70 3.413
103,700 1.2 1.2 103,700 4.70 3.413
103,700 1.2 1.2 103,700 470 3.413
103,700 1.2 1.2 103,700 4.70 3.413
103,700 1.2 1.2 103,700 470 3.413
103,700 1.2 1.2 103,700 4.70 3.413
103,700 12 % 12 103,700 4.70 3.413

61068.XLS

Compressor
Of Conversion  Btuh rejected

due to work
(Btuh)
75,304
75,304
75,304
75,304
75,304
75.304
75,304
75,304
75.304
75,304
75,304
75,304
75,304
75.304
75,304
75,304
75,304
75,304

Calculated
Btuh Rejocted,
Check
(Btuh)
179,004
179,004
179,004
179,004
158,672
158,672
158,672
168,672
158,672
158,672
158,672
158,672
158,672
158,672
168,672
158,672
158,672
158,872

Load Factor
(unitiess)
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}
44
618
3,067
5,450
5,186
6,137
8,472
8,553
10,808
11,017
13.723
14,029
16,783
13,755
12,144

143.234
22.06

Application
143,337
221



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits

Bin Coincident
Temperature Wet-Bulb
) CF)
113 74
108 72
103 70
98 68
93 66
a8 66
a3 63
78 81
73 59
68 56
63 53
58 50
53 47
48 43
43 a0
38 36
33 32
28 27

2,425,000

8

14
0

35

24

18

98

Hour per bin
(hours)
2.0
28.0
139.0
247.0
322.0
381.0
526.0
531.0
671.0
684.0
852.0
871.0
1042.0
854.0
754.0
488.0
259.0
87.0

LT#1, Moasure #1

Btuh Btuh Capacity
circults 195,960
circuits 342,929
circuits [¢]
circuits 857,323
circuits 587,879
circuits 440,909
2,425,000
Calculated Equivalent Estimated Comgressor
Refrigerati pplication A L Btuh rej Comp Co Btuh rejected
Case Load Factor Factor, Check for case Load Efficiency, EER  Constant due to work
{Btuh) (unitiess) (unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh)
147,847 11 1.4 147,847 5.30 3.413 95,208
147,847 1.1 1.4 147,847 5.30 3.413 95,208
147,847 11 1.4 147,847 5.30 3.413 95,208
147,847 1.1 1.4 147.847 §.30 3.413 95,208
147.847 1.4 1.6 147,847 5.30 3.412 95,208
147,847 1.1 1.6 147.847 5.30 3.413 95,208
147,847 1.1 1.6 147,847 5.30 3.413 95,208
147,847 1.1 1.6 147,847 5.30 3.413 95,208
147,847 1.1 1.6 147,847 5.30 3.413 95,208
147,847 1.1 16 147,847 5.30 3.413 95,208
147,847 1.1 1.8 147,847 5.30 3.413 95,208
147,847 1.1 1.6 147,847 5.30 3.413 98,208
147,847 1.1 1.6 147,847 5.30 3.413 95,208
147,847 1.1 1.8 147.847 5.30 3.413 95,208
147,847 11 1.6 147,847 5.30 3.413 95,208
147,847 1.1 1.6 147,847 5.30 3.413 95,208
147,847 1.1 1.6 147,847 5.30 3.413 95,208
147,847 1.1 1.6 147,847 5.30 3.413 96,208

61068.XLS

Caicuiated
Btuh Rejected,
Check
{Btuh)
243,055
243,085
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
217,249
217,349
217,349

Load Factor
(unitiess)
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=
kWhs=

Compressor
Energy Use
(kWh)
(kWh)
56
781
3,877
6,890
6.557
7.759
10,711
10,813
13,664
13,929
17.350
17,737
21,219
17,391
15,364
9,958
5,274
1,772

181.093
27.80

Appiication
179,832
27.7



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits
AC Condensing Clrcuits

Total Circuits

Bin Coincident
Temperature Wet-Bulb
(°F) CF)
113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 61
73 58
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

2.425.000

8

14
4

35
24
18
98

Hour per bin
(hours)
2.0
28.0
139.0
247.0
322.0
381.0
526.0
531.0
671.0
684.0
852.0
871.0
1042.0
B854.0
754.0
489.0
258.0
87.0

Btuh
clrcuils
circuits
circuits
circults
circuits
clreuits

Btuh Capacity
185,960
342,929

[
857,323
587,879
440,909

2,425,000

Refrigeration  Application

Case Loed
(Btuh)
428,885
428,885
428,885
428,885
428,885
428,885
428,885
428,885
428,885
428,885
428,885
428,885
428,885
428,885
428,885
428,885
428,885
428,885

Factor
(unitiess)
1.1

[ CR U SO O O NN

MT#1, Measure #1

Calculated Equivalent Compressor
Application  Btuh rej d Comp C i Btuh rej d
Factor, Check for case Load Efficiency, EER  Constant due to work
{unitless) (Btuh) (Btu/Watt-hr) (Btu/Watt-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 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 3413 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 3413 170,604
0.0 428,885 8.58 3413 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
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Calculated
Btuh Rejected,
Check
(Btuh)
599,489
598,489
599,489
599,489
§53.426
§53.426
553,426
563,426
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=

Compressor
Energy Use
(kWh)
(kWh)
100
1.400
6,948
12,347
11,750
13.903
19,194
18,376
24,485
24,959
31,090
31,783
38,023
31,183
27,514
17.844
9,451
3,178

324,502
49.38

Appiication
324,536
50



Condenser Capacity

ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits

Bin Coincident
Temperature Wet-Bulb
(°F) 3]
113 74
108 72
103 70
98 68
93 66
8a 66
83 63
78 61
73 58
:1:] 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

2,425,000

8
14
0
35
24
18
98

Hour per bin

{hours)
2.0
28.0
139.0
247.0
322.0
381.0
526.0
531.0
671.0
684.0
852.0
871.0
1042.0
854.0
754.0
489.0
259.0
87.0

Btuh
circuits
circuits
circuits
circuits
circuits
circuits

Refrigeration
Case Load

(Btuh)
307,541
307,541
307,541
307.541
307,541
307,541
307,541
307,541
307,541
307.541
307,541
307,541
307,541
307,541
307.541
307,541
307,541
307,541

Btuh Capacity
196,960
342,923

857,323

587,879

440,909
2,425,000

Appli

0

Calculated

Equivalent
Btuh rej

MT#2, Measure #1

Cc

Conversion

r;nctor
(unitiess)
1.

bk h b ek kb b a ab e = b

1

e S a a e e e

1

o D ek ch s e e
FLART T ST R DI WS RS RE WD R AT S W I SRS

{unitless)
4

(Btuh)
307.541
307,541
307,541
307.541
307,541
307.541
307,541
307,541
307.541
307,541
307,541
307,541
307,541
307.541
307,541
307,541
307,541
307,541

10.54
10.54
10.54
10.54
10.54
10.54
10.54
10.54
10.54
10.54
10.54
10.54
10.54
10.54
10.54
10.54
10.54
10.54

Factor, Check for case Load Efficiency, EER  Constant
(Btu/Watt-hr) (Btu/Watt-hr)

3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413

61068.XLS

Compressor

Btuh rejected

due to work
(Btuh)
99,586
99,586
99,586
99.586
99,586
99,586
98,586
99,586
99.586
99,586
99,586
99,586
99,586
99.586
99,588
99,586
98,586
99,586

Calculated
Btuh Rejected,
Check
(Btuh)
407.127
407,127
407,127
407.127
380,238
380,239
380.23¢
380,238
380,238
380,238
380,239
380,238
380,239
380,239
380,239
380,239
380,238
380,239

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)
58
817
4,056
7.207
6.859
8,115
11.204
11,310
14,292
14,569
18,148
18,553
22,198
18,190
16,060
10.4186
5,517
1,853

189.420
29.18

Application
189,271
29.2



Condenser Capacity

Ica Cream Condensing Circuits

LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits
AC Condensing Circuits

Total Circuits

Bin
Tamperature
(°F)
113
108
103

Coincident
Wet-Bulb
(°F)

74
72
70

2,425,000

8

14
0

35

24

18

99

Hour per bin
(hours)
2.0
28.0
139.0
247.0
322.0
381.0
526.0
531.0
671.0
684.0
852.0
871.0
1042.0
854.0
754.0
489.0
259.0
87.0

Btuh
circuits
circuits
circuits
circuits
circuits
circuits

AC Load
(tons)
50.00
44 .12
38.24
32.3%
26.47
20.59
14.71

8.82
2.94

Btuh Capacity
195,960
342,929

0
857.323
587.879
440,909

2,425,000

AC Load
{Btuh)
600,000
529,440
458,880
388,200
317,640
247,080
176,520
105,840
35,280

Equivalent

Btuh rejected Compressor

for AC
{Btuh)
600,000
529,440
458,880
388,200
317,840
247,080
176,520
105,840
35,280

AC, Measure #1

Conversion Btuh rejected

Efficiency, EER  Constant
(Btu/Watt-hr) (Btu/Watt-hr)

23.58
24.11
24.11
24.11
24.11
24.11
24.11
24.11
24.11

3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413

61068.XLS

r

due to work
(Btuh)
86,845
74,947
64,959
54,853
44,965
34,977
24,988
14,983
4,994

Caiculated
Btuh
Rejected,
Check
(Btuh)
686,845
604,387
523,839
443,153
362,605
282,057
201,508
120,823
40,274

Notes

Load Factor
(unitless)

1.

1
1
1
1.
1
1
1
1

kWh=
kwh=

Compressor
Energy Use
(kWh)
(kWh)
51
615
2,646
3,977
4,242
3,904
3,851
2,331
982

Application
22,578
25

22,599
25.45

(L3 )

The application assumes a lower AC foad in the post-measure #2 retrofit condition.



Condenser Capacity

Ice Cream Condensing Circuits

LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits
AC Condensing Circuits

Total Circuits

Bin
Temperature
°F)
113
108
103
98
93
88
83
78
73
68
63
58
53
48
43
38
33
28

Coincident
Wet-Bulb
(°F)
74
72
70
68
66
66
63
61
59
56
53
50
47
43
40
36
32
27

2,425,000

8

14
0

35

24

18

99

Hour per bin
{hours)
2.0
28.0
138.0
247.0
322.0
381.0
526.0
531.0
671.0
684.0
852.0
871.0
1042.0
854.0
754.0
489.0
259.0
87.0

Btuh
circuits
circuits
circuits
circuits
circuits
circuits

AC Heat
Rejection
(Btuh)
686,845
604,387
523,839
443,153
362,605
282,057
201,508
120,823
40,274
0

SO OO 00O

Btuh Capacity
195,960
342,929

0
857,323
587,879
440,908

2,425,000

Refrigeration

(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
Heat Rejection Load Factor
{unittess)

.2

1

b d ek b ok b b e ch ek ek ed d A A
NN NSNSNNSNSNSNNOOREREQOON

Condenser, Measure #1

Caiculated
Condenser
Load Factor,
Check
(unitless)

1.

_‘_._._A_._‘_‘_i_._._._._._a_..‘_‘
OO WOLOWOOOOEB®NDOOWNN

Total Rejected 27,315.788

61068.XLS

1

Total Heat
Rejection
(Btuh)
2,115,520
2,033,062
1,952,514
1,871,828
1,672,280
1,691,742
1,511,184
1,430,508
1,349,960
1,309.686
1,309,686
1,309,686
1,308,686
1,309,686
1,309.686
1,309,886
1,309,686
1,309,686

Total Heat Total Heat
Rejection from Rejection from
the the
Application Application
(MBtuh) (Btuh)
2,106 2,106,000
2,024 2,024,000
1,943 1,943,000
1,862 1,862,000
1,782 1,782,000
1,701 1,701,000
1,620 1,620,000
1,540 1,540,000
1,459 1,459,000
1,419 1,419,000
1,419 1,419,000
1,419 1,419,000
1,419 1,419,000
1,419 1,419,000
1,419 1,419,000
1,419 1,419,000
1,419 1,419,000
1,419 1,419,000

28,808 28,808,000 Heat rejection differences are significant



Evaluation Compressor Savings
Ice Cream Condensing Circuits
LT#1 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total

Total Refer w/ Compressor

Application Compressor Savings

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total

Applicaton Condenser Analysis
Condenser Fan Use

Evaluation Condenser Analysis
Condenser Fan Use

Pre-Retrofit

Demand
22.06
27.90
49.99
29.18
25.45

Pre-Retrofit
Demand
22.10
27.70
50.00
29.20
25.00

Pre-Retrofit
Demand
8.00

Pre-
Condenser
Rejection
(Btuh)
27,315,788

Final Results for Measure #2
Source

Evaluation

Application

5.39
4.70

Demand Impact Energy Impact

182,491
186,027

Post-Retrofit

Demand
20.41
24.24
4567
25.08
33.76

122.92

Post-Retrofit
Demand
20.40
24.10
45.70
25.10
34.00

Post-Retrofit
Demand
8.00

Post-
Condenser
Rejection
{Btuh)
25,770,629

Measure #
Demand
Savings

1.65
3.66
4.31
4.08
-8.32
5.39

Measure #
Demand
Savings

1.70
3.60
4.30
4.10
-9.00
4.70

Measure #
Demand
Savings

0.00

Difference in
Condenser
Heat
Rejection
(Btuh)
1.545.160

Measure #2 Summary of Findings

Measure #
Pre-Retrofit  Post-Retrofit Energy
Energy Energy Savings
143,234 108,202 35,032
181,093 123,282 57,811
324,502 236,488 88.014
188,420 128,621 60,800
22,599 17,022 5,877
kW 247,234
668,919
Measure #
Pre-Retrofit  Post-Retrofit Energy
Energy Energy Savings
143,337 108,153 35,184
179,932 128,092 51,840
324,536 236,435 88,101
189,271 128,596 60,675
22,578 16,995 5,583
kW 241,383
Measure #
Energy
Pre-Retrofit  Post-Retrofit Savings
Energy Energy (kWh)
20,720 77,076 -56,356
Measure
Energy
Savings per
Condenser
Heat
Rejection
(kWh/Btuh) Post-Energy  Post Demand
-64,743 72,326 7.5070105
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kWh
kWh
Difference in
Pre- Post- Condenser
Condenser Condenser Heat
Rejection Rejection Rejection
(Btuh) (Btuh) (Btuh)

28,808,000 27,483.000 1.345,000

0.00280654 2.913E-07

Measure
Energy
Savings per
Condenser
Heat
Rejection
(kWh/Btuh)
-0.04



Condenser Capacity

ice Cream Condensing Circuits
LT#1 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits

Bin Coincident
Temperature Wet-Buid
A [\
113 74
108 72
103 70
98 68
93 66
88 86
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

2,425,000
5
12
33
20
30
100

Hour per bin
(hours)
1.8
27.6
138.8
246.9
J22.0
380.8
526.0
530.6
671.0
683.7
851.7
871.3
1041.7
854.2
754.1
488.9
258.7
87.2

Btuh
cireuits
circuits
circuits
circuits
circuits

Relrigeration
Case Load
(Btuh)
36,457
36,457
36,457
36,457
36,457
38,457
38,457
36,457
36,457

Btuh Capacity
121,250
281,000
800,250
485,000
727,500

Application
Factor
(unitless)

ice Cream, Measure #2

Calculated Equivalent Compressor

Apptication  Btuh rej d Comp r  Conversion  Btuh rejected

Factor, Check for case Load Efficiency, EER  Constant due to work
(unitiess) {Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh)
2.0 36,457 5.38 3.413 23,214
2.0 36,457 5.47 3.413 22,747
21 36,457 5.68 3.413 21,906
21 36.457 6.00 3.413 20,738
2.4 36,457 6.10 3.413 20,398
2.4 36.457 6.10 3.413 20,308
2.4 36,457 6.35 3.413 19,595
2.4 36,457 6.43 3.413 19.351
2.4 36,457 6.50 3.413 19,143
2.4 36,457 6.72 3413 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 17.829
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 3413 17,928
2.4 36,457 6.94 3.413 17,929
2.4 36,457 6.94 3.413 17.928
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Calculated
Btuh Rejected,
Check
{Btuh)
59,671
59,204
58,363
57.185
51,348
51,348
50,781
50,583
50,431
49,974
49,679
49,545
49,545
49.545
49,545
49,545
49,545
49,545

Load Factor
(unitiess)
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)

12
184
891
1,500
1,405

35,513
5.80

Agrees
Agrees

Application
35,513
6.8



LT#1, Measure #2

Condenser Capacity 2,426,000 Btuh Btuh Capacity

Ice Cream Condensing Circuits 5 circuits 121,250

LT# Condensing Circuits 12 circuits 291,000

MT#1 Condensing Circuits 33 circuits 800,250

MT#2 Condensing Circuits 20 circuits 485,000

AC Condensing Clrcuits 30 clreuits 727.500

Total Circuits 100

Calculated Equivalent Compressor Caiculated Comprossor
Bin Coincident Refrigeration  Application Applicati Btuh rej i Comp Cor i Btuh rej Biuh Rejected, Energy Use
Temperature Wet-Bulb Hour per bin  Case Load Factor Factor, Check for case Load Efficiency, EER  Constant due to work Check Load Factor {(kWh)
(°F) (°F) {hours) {Btuh) {unitless) {unitless) (Btuh) (Btu/Watt-hr) (Biu/Watt-hr) {Btuh) {Btuh) (unitiess) (kWh)
113 74 1.8 139,450 1.8 1.4 139,450 6.90 3.413 68,977 208,427 1.00 38
108 72 27.8 139,450 1.8 1.4 139,450 6.90 ~3.413 68,977 208,427 1.00 558
103 70 138.8 139,450 1.8 1.4 139,450 7.10 3.413 67,034 206,484 1.00 2,728
98 88 246.9 139,450 1.8 1.4 139.450 7.30 3.413 65,198 204.648 1.00 4,716
93 56 322.0 139,450 1.8 1.6 139,450 7.40 3.413 64,317 184,472 0.70 4,248
88 86 380.8 139,450 1.8 1.6 139.450 7.40 3.413 64,317 184,472 0.70 5,023
83 63 526.0 139,450 1.8 1.6 139,450 7.60 3.413 62,624 183,287 0.70 6,756
78 61 $30.6 139,450 1.8 1.6 139,450 7.70 3.413 61,811 182,718 0.70 6,727
73 59 671.0 139,450 1.8 1.8 139.450 7.80 3.413 61.018 182,163 0.70 8,397
€8 56 683.7 139,450 1.8 1.6 139,450 8,00 3.413 59,493 181,095 0.70 8.342
63 53 851.7 139,450 1.8 1.6 139,450 8.20 3.413 58,042 180,079 0.70 10,139
58 50 871.3 139,450 1.8 1.6 138,450 8.40 3.413 56,860 178,112 0.70 10,125
53 47 1041.7 139,450 1.8 1.6 139,450 8.70 3.413 54,706 177,744 0.70 11,688
48 43 854.2 138,450 1.8 1.6 139.450 8.70 3.413 54,706 177,744 0.70 9,584
43 40 754 .1 139,450 1.8 1.6 139,450 8.70 3.413 54,706 177,744 0.70 8.461
38 36 488.9 139,450 1.8 1.6 139,450 8.70 3.413 54,708 177.744 0.70 5,486
33 32 258.7 139,450 1.8 1.8 139,450 8.70 3.413 54,706 177,744 0.70 2,903
28 27 87.2 139,450 1.8 1.6 139,450 8.70 3.413 54,706 177,744 0.70 978
Application
KWh= 106.934 Ditierent Result 92,228
kWh= 20.21 Different Result 15.8
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Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
MT#1 Condenaing Circuits
MT#2 Condensing Clrcuits

AC Condensing Circuits
Total Clreuits
Bin Coincident
Temperature Wet-Bulb
°F °F}
113 74
108 72
103 70
98 68
93 66
88 68
B3 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
K1} 38
33 32
28 27

2,425,000

Hour per bin  Case Load

{hours}
1.8
27.8
138.8
246.9
322.0
380.8
526.0
§30.6
871.0
683.7
851.7
871.3
1041.7
854.2
754 .1
488.9
258.7
87.2

MT#1, Measure #2

Btuh Btuh Capacity

circuits 121,250

circuits 291,000

cireuits 800,250

clreuits 485,000

circuits 727,500

Calculated Equivalent Compressor
fi Application A Btuh rej ressor  C i Btuh rej
Factor Factor, Check for case Load Effidency, EER  Constant due to work

(Btuh) (unitiess) {unitiess) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) {Btuh)
363,886 1.9 1.6 363,888 9.92 3.413 125,196
383,886 1.9 1.6 363,886 9.92 3.413 125,198
363,886 1.9 1.7 363,886 10.30 3.413 120,577
363,886 2.0 1.7 363.886 10.69 3.413 116,178
363,886 2.0 1.8 363,886 11.07 3.413 112,190
363,886 2.0 1.8 363.886 11.07 3.413 112,190
363,886 1.9 1.8 363,886 11.45 3.413 108,467
363,886 1.8 1.8 363,886 11.61 3.413 106,972
363,886 1.9 1.8 383.886 11.76 3.413 105,607
383,888 2.0 1.8 363,886 12.23 3.413 101,549
363,886 2.0 1.8 383,886 12.53 3.413 99,118
363,886 2.0 1.8 363,886 12.84 3.413 96,725
363,886 2.0 1.9 363,886 13.28 3.413 93,520
363,886 2.0 1.9 363.886 14,11 3.413 88.018
383,886 1.8 1.9 363,886 14.39 3.413 86,306
363,886 1.9 1.9 363,886 14.39 3.413 86,306
363,886 1.9 1.9 363,886 14.39 3.413 86,306
363,886 1.9 1.9 363,886 14.39 3.413 86,306
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Calculated
Btuh
Check
(Btuh)
489,082
489,082
484,463
480,064
445,785
445,785
443,067
441,975
440,979
438,017
436,242
434,495
432,155
428,140
426,889
428,889
426,889
426,889

Load Factor
(unitiess)
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)
68
1,012
4,804
8,404
7,727
9,138
12,203
12,140
15,157
14,850
18,056
18,026
20,837
16,081
13,921
9,025
4,776
1,610

187.832
36.68

Different Result
Ditferent Result

Application
160,882
29.6



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Clrcults

Total Circuits
Bin Coincident
Temperature Wet-Bulb
°F) (°F)
113 74
108 72
103 70
98 68
93 66
a8 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

2,425,000
E

MT#2, Measure #2

Hour per bin  Case Load

(hours)
1.8
27.6
138.8
246.9
322.0
380.8
526.0
530.6
671.0
683.7
851.7
871.3
1041.7
854.2
754.1
488.9
258.7
ar.2

Btuh Btuh Capacity
circuits 121.250
circuits 291,000
circuits 800,250
circuits 485,000
circuits 727,500
Calculated Equivalent Compressor
A Appli 1 Btuh rej d C Conversion  Btuh rejacted
Factor Factor, Check for case Load Efficency, EER  Constant due to work
(Btuh) {unitless) (unitless) {Btuh) (Btu/Watt-hr) (Btu/Watt-hr} {Btuh)
199,000 2.0 2.0 199,000 14.31 3.413 47,462
199,000 2.0 20 199,000 14.53 3.413 46,744
199,000 2.0 2.0 199,000 14.74 3.413 46,078
199,000 2.0 2.0 198.000 15.40 3.413 44,103
199,000 2.0 2.1 199,000 15.81 3.413 43,510
199,000 2.0 2.1 199,000 15.61 3.413 43,510
189,000 2.0 2.1 199,000 16.33 3.413 41,591
199,000 2.0 2.1 199,000 18.60 3.413 40,915
199,000 2.0 21 199.000 16.88 3.413 40,236
199,000 20 2.1 199,000 17.71 3.413 38,350
189,000 2.1 2.1 199,000 18.26 3.413 37,195
199,000 21 2.2 199,000 19.07 3.413 35,815
189,000 2.1 2.2 199,000 19.81 3.413 34,285
199,000 2.1 2.2 199.000 20.81 3.413 32.638
199.000 21 2.2 199,000 21.31 3.413 31,872
199,000 2.1 2.2 199,000 21.34 3.413 31,872
199,000 2.1 2.2 199,000 21.31 3.413 31,872
199,000 2.1 2.2 199,000 21.31 3.413 31,872
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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
228,153
224,999
224,028
222,825
222,266
222,266
222,266
222,266

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=
KWhz=

Compressor
Energy Usoe
(kWh)
(kWh)
25
378
1,874
3,190
2,897
3,544
4,679
4,643
5,775
5.608
6,776
6,837

79,56C
13.91

Agrees
Agrees

Application
70,559
13.9



Condenser Capacity

lce Cream Condensing Circuits

LT#t Condensing Circuits
MT# Condensing Circuits

MT#2 Condensing Circuits
AC Condensing Circuits
Total Circuits
Bin Coincident
Temperature Wet-Buib
°F) °F
13 74
108 72
103 70
98 68
93 66
88 66
a3 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

2,425,000

Hour per bin
(hours)
1.8
27.6
138.8
246.9
322.0
380.8
526.0
530.6
671.0
683.7
851.7
871.3
1041.7
854.2
754.1
488.9
258.7
87.2

Btuh
circuits
circuits
circuits
circuits
circuits

AC Load
(tons)
34.00
34.00
34.39
27.30
21.30
15.20
9.10
3.10

Btuh Capacity
121,250
291,000
800,250
485.000
727.500

AC Load
(Btuh)
408,000
408,000
412,680
327,600
255,600
182,400
109,200
37,200

Equivalent

Btuh rejected Compressor

for AG

(Btuh)
408,000
408,000
412,680
327,600
255,600
182,400
109,200
37.200

AC, Measure #2

Conversion Btuh rejected

Efficency, EER  Constant
(Btu/Watt-hr) (Btu/Watt-hr)

20.38
20.74
21.11
24.18
30.10
32.03
35.91
35.91

3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
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Compressor

due to work
(Btuh)
68,327
67.141
66,721
46,241
28,982
19,436
10,379
3,636

Calculated
Btuh
Rejected,
Check
(Btuh)
476,327
475,141
479,401
373,841
284,582
201,836
119,579
40,736

Load Factor
{unitiess)

1.

1
1
1
1.
1
1
1

KWh=
kWh=

Compressor
Energy Use
(kWh)
(kWh)

543
2,713
3,345
2,734
2,169
1,600

5§50

13,880 Agrees
20.92 Agrees

Application
13,699
20



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits

Bin Coincident
Temperature Waet-Buib
°F (°F)

113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

2,425,000
5
12
33
20
30
100

Hour per bin
(hours)
1.8
27.86
138.8
246.9
322.0
380.8
526.0
530.6
671.0
683.7
851.7
871.3
1041.7
854.2
754.1
488.9
258.7
87.2

Btuh
circuits
circuits
circuits
circuits
circuits

AC Heat
Rejection
(Btuh)
476,327
475,141
479,401
373,841
284,582
201,836
119,579
40,736
0

OO0 OO0 OO QOO

Btuh Capacity

121,250
291,000
800,250
485,000
727,500
2,425,000
Refrigeration  Condenser
Heat Rejection Load Factor
(Btuh) (unitless)
1,003,643 1.8
1,002,457 1.8
994,388 1.8
985,010 1.9
912,366 2.1
912,366 2.3
906,476 2.5
904,144 2.7
901,946 2.8
896,081 2.8
892,152 2.8
888,151 2.8
883,473 2.8
878,254 2.8
876,445 2.8
876,445 2.8
876,445 2.8
876,445 2.8

Condenser, Measure #2

Caiculated
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
2.7
2.8
2.8
2.8
2.8
2.8

Total Rejected
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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 the
Application Application
(MBtuh) (Btuh)
1,363 1,353,000
1,359 1,359,000
1,357 1,357,000
1,247 1,247,000
1,154 1,154,000
1,072 1,072,000
990 990,000
909 908,000
870 870,000
866 866,000
864 864,000
863 863,000
862 862,000
862 862,000
863 863,000
863 863,000
863 863,000
863 863,000

18,080 18,080,000 Heat rejection differences are significant




ice Cream, Measure #1

Condenser Capacity 2,425,000 Btuh Btuh Capacity

Ice Cream Condensing Circuits 4 circuits 97,000

LT#1 Condensing Circuits 11 circuits 266,750

MT#1 Condensing Circuits 29 circuits 703,250

MT#2 Condensing Circuits 17 circuits 412,250

AC Condensing Circuits 38 circults 921,500

High Temperature 1 circults 24,250

Total Circuits 100 2,425,000

Cailculated Equivalent Compressor

Bin Coincident Refrig } A App Btuh rejected Compressor  Ci ion  Btuh rejected

Temperature Wet-Bulb Hour per bin Case Load Factor Factor, Check for case Load Efficiency, EER  Constant due 10 work
{*F) {°F) (hours) {Btuh) {unitiess) (unitless) {Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh)
113 74 1.8 36,457 1.€ 1.6 36.457 5.08 3.413 24,590
108 72 27.6 36,457 1.6 1.6 36,457 5.06 3.413 24,590
103 70 138.8 36,457 1.6 1.6 36,457 5.06 3.413 24,590
98 €8 246.9 36,457 1.6 1.6 36.457 5.06 3.413 24,590
93 66 322.0 36,457 1.6 1.8 36,457 5.06 3.413 24,590
88 66 380.8 38,457 1.8 1.8 36.457 5.06 3.413 24,590
83 63 526.0 36,457 1.6 1.8 36,457 5.06 3.413 24,590
78 81 530.6 36,457 1.6 1.8 36,457 5.06 3.413 24,590
73 59 871.0 36,457 1.6 1.8 36,457 5.08 3.413 24,590
68 56 683.7 36,457 1.6 1.8 36,457 5.06 3.413 24,590
63 53 851.7 36,457 1.6 1.8 36,457 5.06 3.413 24,590
58 50 871.3 36,457 1.6 1.8 36,457 5.06 3.413 24,530
53 47 1041.7 36,457 1.6 1.8 36,457 5.06 3.413 24,590
48 43 854.2 36,457 1.6 1.8 36.457 5.06 3.413 24,590
43 40 754.1 36,457 1.6 1.8 36,457 5.06 3.413 24,590
38 38 488.9 36,457 1.6 1.8 36,457 5.06 3.413 24,590
33 32 258.7 36,457 1.6 1.8 36,457 5.06 3.413 24,590
28 27 87.2 36,457 1.6 1.8 36,457 5.06 3.413 24,580
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Calculated
Btuh Rejected,
Check
(Btuh)
51,047
61,047
61,047
61.047
54,408
54,408
54,408
54,408
54,408
54,408
54,408
54,408
54,408
54.408
54,408
54,408
54,408
54,408

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)
13
199

Agrees
Agrees

Application
46,762
7.2



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits
AC Condensing Clrcuits

High Temperature

Total Circuits
Bin Coincident
Temperature Wet-Bulb
(°F) (]
113 74
108 72
103 70
28 68
a3 66
88 88
83 63
78 51
73 S8
[-1:] 56
63 53
58 50
53 47
48 43
43 40
38 as
33 32
28 27

2,425,000
4
11
29
17
a8
1
100

Hour per bin
(hours}
1.8
27.6
138.8
246.9
322.0
380.8
526.0
§30.6
§71.0
683.7
851.7
871.3
1041.7
854.2
754.1
488.9
258.7
87.2

Buh
circuits
circults
clreuits
circuits
circuits
circuits

Refrigeration

Case Load
{Btuh)
138,450
139,450
139,450
139.450
139,450
139,450
139,450
139,450
139,450
139,450
138,450
139,450
139,450
139,450
139,450
139,450
139,450
139,450

Btuh Capacity
97.000
266,750
703,250
412,250
921,500
24,250
2,425,000

Application
Factor
(unitless)

Caiculated

Annli,

Equivalent

Factor, Gheck for cass Load E

(unitiess)

e e aa b b h a e
N O N T T

Btuh rej

(Btuh)
139,450
139,450
139,450
139,455
139,450
139,450
139,450
139,450
139,450
139,450
139,450
139,450
139,450
139,450
139,450
139,450
139,450
139,450

LT#1, Measuro #1

Estimated

6.30
6.30
6.30
6.30
6.30
6.30
6.30
6.30
8.30
6.30
6.30
8.30
6.30
8.30
6.30
8.30
6.30
6.30

Compressor
ficiency, EER  Constant
(Btu/Watt-hry (Blu/Watt-hr)

3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
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Compressor

Conversion  Btuh rejected

due to work
(Btuh)
75,548
75,548
75,546
75,546
75,546
75,548
75,548
75,546
75,546
75,546
75,548
75,546
75,546
76,548
75,546
75,546
75,546
75,545

Calculated
Btuh Rejected,
Check
(Btuh)
214,996
214,996
214,996
214,996
192,333
192,333
192,333
192,333
192,333
192,333
162,333
192,333
192,333
102,333
192,333
192,333
192,333
182,333

Load Factor
{unitiess)
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)
40
611
3,072
5.465
4,988
5,900
8,150
8,221
10,397
10,594
13,197
13,500
16,141
13,235
11,684
7,575
4,008
1,351

138,131
22.13

Application
No Application for Comparison
No Application for Comparison



Condenser Capacity

lee Cream Condensing Circuits
LT#1 Condensing Circults
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

High Temperature

Total Circuits

Bin Coincident
Temperature Wet-Bulb
G ()
113 74
108 72
103 70
98 €8
a3 &6
88 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

2,425,000
4

Hour per bin

{hours)
1.8
27.6
138.8
248.9
322.0
380.8
526.0
530.6
671.0
683.7
851.7
871.3
1041.7
854.2
754.1
488.9
258.7
87.2

Btuh
circuits
clreuits
clreuits
clreults
circuits
clreuits

Relrigeration
Case Load

{Btuh)
363,886
363,886
363,886
363,886
363,886
363,886
363,886
363,886
363,886
363,886
363,886
363,888
363,886
383,886
363,886
383,886
363,886
363,886

Btuh Capacity

MT#1, Measure #1

97,000
266,750
703,250
412,250
821,500
24.250
2,425,000
Calculated Egquivaient Compressor
Application  Application  Btuh rejected  Comp C 1 Btub rejected
Factor Factor, Check for case Load Efficiency, EER  Constant due to work
(unitiess) {unitless) {Btuh) {Btu/Watt-hr) (Btu/Watt-hr) (Btuh)
1.7 1.4 363,886 9.30 3.413 133,542
1.7 1.4 363,386 9.30 3.413 133,542
1.7 1.4 363,886 .30 3.413 133,542
1.7 1.4 363,886 8.30 3.413 133,542
1.7 1.5 363,886 9.30 3.413 133,542
1.7 1.5 363,886 9.30 3.413 133,542
1.7 1.5 363,886 9.30 3.413 133,542
1.7 1.5 363,886 9.30 3.413 133,542
1.7 1.5 363,888 9.30 3.413 133,542
1.7 1.5 363.886 9.30 3.413 133,542
1.7 1.5 363,886 9.30 3.413 133,542
1.7 1.5 363,886 9.30 3.413 133,542
1.7 1.5 383,886 9.30 3.413 133,542
1.7 1.5 363,886 9.30 3.413 133,542
1.7 1.5 363,886 8.30 3.413 133,542
1.7 1.5 363,888 9.30 3.413 133,542
1.7 1.5 363,886 9.30 3.413 133,542
1.7 1.5 383,886 9.30 3.413 133.542

01069.XLS

Calculated
Biuh Rejected,
Check
(Btuh)
487,428
497,428
497,428
497,428
481,372
481,372
461,372
461,372
461,372
481,372
461,372
481,372
461,372
461,372
461,372
461,372
461,372
481,372

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

kWhs=
kWhax

Compressor
Energy Use
{kWh)
(kWh)
70
1,080
5,431
9.681
9,197
10,877
15,024
15,158
19,166
19,529
24,327
24,887
29,754
24,399
21,539
13,084
7,389
2,491

253,841
39.13

Different Result
Difterent Resuft

Application
185,786
30.2



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condansing Circults
MT#1 Condensing Circuils
MT#2 Condensing Clrcuits

AC Condensing Circuits

High Temperature

Total Circuits
Bin Coincident
Temperature Wat-Bulb
°F) [\
113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 61
73 59
88 58
63 53
58 50
§3 47
48 43
43 40
38 36
33 32
28 27

2,425,000

Hour per bin
(hours)
1.8
27.6
138.8
2469
322.0
380.8
526.0
530.6
671.0
683.7
851.7
871.3
1041.7
854.2
754.1
488.9
2587
87.2

8tuh
circuits
circuits
circuits
clreuits
clrcuits
circuits

R LA

Btuh Capacity

97.000
266,750
703,250
412,250
921,500

24,250

2,425,000

Annlicati

Calculated

A narlieats

Case Load
{Btuh)
198,000
199,000
199,000
188,000
199,000
199,000
199,000
199,000
189.000
199,000
199,000
198,000
189,000
199,000
199,000
199,000
199,000
199,000

r;lctor
(unitiess)
1.8

o sk bk okt ot ko m ek e o
cocooDDDODRODRODO OO

Factor, Check
{unitiess)
1.8

-
12

b b ed oa O ek ea b ks A
NMNNNNNNNNNNNNOOO

Equivalent

Btuh rejected Compressor
for case Load Efficiency, EER  Constant
(Btu/Watt-hr) (Btu/Watt-hr)

(Btuh)
189,000
199,000
199,000
168,000
199,000
189,000
199,000
199,000
199,000
199,000
199,000
199,000
198,000
199,000
199,000
188,000
189,000
189,000

MT#2, Measure #1

12,99
12.98
12.99
12,99
12.99
12.98
12.98
12.99
12.99
12.98
12.89
12.99
12.99
12.99
12.99
12.99
12.99
12.99

3.410
3.413
3.413
3413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
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Comproseor
Conversion  Btuh rejected

due to work
{Btuh)
52,285
52,285
52,285
62,285
52,285
52,288
52,285
52,285
52,285
52,285
52,285
62,285
52,285
52,285
52,285
52,285
§2,285
52,285

Calculated
Btuh Rejected,
Check
(Btuh)
251,285
251,285
251,285
261,285
237,168
237,168
237,168
237,168
237,168
237,168
237,168
237,168
237,168
237,168
237.168
237,168
237,168
237,168

Load Factor
(unitiess)
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=

COlllplusor
Energy Use
{(kWh)
(kWh)
28
423
2,126
3,782
3,601
4,259
5,882
5,934
7.504
7,646
9,525
9,744
11,850
9,553
8,433
5.467
2,893
975

99,428
15.32

Agrees
Agrees

Application
99,435
15.3



AC, Measure #1

Condenser Capacity 2,425,000 Btuh Btuh Capacity
Ice Cream Condensing Circuits 4 circuits 97,000
LT#1 Condensing Circuits 11 circuits 266.750
MT#1 Condensing Circuits 29 circuits 703,250
MT#2 Condensing Circuits 17 circuits 412,250
AC Condensing Circuits 38 circuits 921,500
High Temperature 1 circuits 24,250
Total Circuits 100 2,425,000
Equivalent Compressor
Bin Coincident Btuh rejected Compressor  Conversion  Btuh rejected
Temperature Wet-Bulb Hour per bin AC Load AC Load for AC Efficiency, EER  Constant due to work
(°F) (*F) (hours) (tons) {Btuh) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh)
113 74 1.8 34.00 408.000 408,000 19.29 3.413 72,188
108 72 27.8 34.00 408,000 408,000 19.29 3.413 72,188
103 70 138.8 34.39 412,680 412,680 18.29 3.413 73,016
a8 68 246.9 27.30 327,600 327,800 19.29 3.413 57,963
23 66 322.0 21.30 255,600 255,600 19.29 3.413 45,224
88 66 380.8 15.20 182,400 182,400 19.29 3.413 32,272
83 63 526.0 9.10 109,200 108,200 19.29 3.413 19,321
78 61 5§30.6 3.10 37,200 37.200 19.29 3.413 6,582
73 59 671.0
68 56 683.7
63 §3 851.7
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

61069.XLS

Calculated
Biuh
Rejected,
Check
(Btuh)
480,188
480,188
485,696
385,563
300,824
214,672
128,521
43,782

Notes
The application assumes a lower AC load in the post-measure #2 retrofit condition.

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)

584
2,969
4,193
4,267
3,601
2,978
1,023

18,653
21.15

Disagrees
Disagrees

Application
28,417
25



Condenser Capacity

lce Cream Condensing Circuits

LT#1 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits
AC Condensing Circuits
High Temperature

Total Circuits

Bin
Temperature
(°F)
113
108
103
98
93
88
83
78
73
68
63
58
53
48
43
38
33
28

Coincident
Wet-Bulb
(°F)
74
72
70
68
66
66
63
61
59
56
53
50
47
43
40
36
32
27

2,425,000
4
11
29
17
3s
1
100

Hour per bin
(hours)
1.8
27.6
138.8
248.9
322.0
380.8
526.0
530.6
671.0
683.7
851.7
871.3
1041.7
854.2
754.1
488.9
258.7
87.2

Btuh
circuits
circuits
circuits
clreuits
circuits
circuits

AC Heat
Rejection
(Btuh)
480,188
480,188
485,696
385,563
300,824
214,672
128,521
43,782
o]

QO OCO0OO00O0O00O0

Btuh Capacity
97,000
266,750
703,250
412,250
921,500
24,250
2,425,000
Refrigeration  Condenser
Heat Rejection Load Factor
(Btuh) (unitless)
1,024,758 1.7
1,024,758 1.7
1,024,758 1.7
1,024,758 1.8
945,281 1.9
945,281 2.1
945,281 2.2
945,281 2.4
945,281 2.6
945,281 2.7
945,281 2.7
945,281 2.7
945,281 2.7
945,281 2.7
945,281 2.7
945,281 2.7
945,281 2.7
945,281 2.7

Condenser, Measure #1

Calculated
Condenser
Load Factor,
Check
(unitless)
1.6
1.6
1.6
1.7
1.9
2.1
2.3
2.5
2.6
2.6
2.6
2.6
2.6
2.8
2.6
2.8
2.6
2.6

Total Rejected 19,852,383

61069.XLS

Total Heat
Rejection
(Btuh)
1,504,945
1,504,945
1,510,453
1,410,320
1,246,104
1,159,953
1,073,802
989,063
945,281
945,281
945,281
945,281
945,281
945,281
945,281
945,281
945,281
945,281

Total Heat Total Heat
Rejection from Rejection from
the the
Application Application
(MBtuh) (Btuh)
1,452 1,452,000
1,452 1,452,000
1,432 1,432,000
1,348 1,348,000
1,264 1,264,000
1,180 1,180,000
1,096 1,096,000
1,013 1,013,000
929 929,000
887 887,000
887 887,000
887 887,000
887 887,000
887 887,000
887 887,000
887 887,000
887 887,000
887 887,000

18,149 19,149,000 Heat rejection differences are significant



Pre-Retrofit
Evaluation Compressor Savings Demand
Ilce Cream Condensing Circuits 7.20
LT#1 Condensing Circuits 22.13
MT#1 Condensing Circuits 39.13
MT#2 Condensing Circuits 15.32
AC Condensing Circuits 21.15
Total

Total Refer w/ Compressor

Pre-Retrofit
Application Compressor Savings  Demand
lce Cream Condensing Circuits 7.20
LT#1 Condensing Circuits 16.40
MT#1 Condensing Circuits 30.20
MT#2 Condensing Circuits 15.30
AC Condensing Circuits 25.00
Total

Post-Retrofit
Demand
6.80
20.21
36.68
13.91
20.02

85.97

Post-Retrofit
Demand
6.80
15.80
29.60
13.90
20.00

Measure #

Demand
Savings
0.40
1.92
2.45
1.41
1.13
7.32

Measure #

Demand
Savings
0.40
0.60
0.60
1.40
5.00
8.00
8

Measure #2 Summary of Findings

Pre-Retrofit

Energy
46,761
138,131
253,941
99,425
19,653
kW

Pre-Retrofit
Energy
46,762
105,450
195,786
99,435
28,417
kW

Dark Green font is an estimate because this level of detail was missing from the application.

Pre-Retrofit
Applicaton Condensar Analysis Demand
Condenser Fan Use 8.00
Pre-
Condenser
Rejection
Evaluation Condenser Analysis (Btuh)
Condenser Fan Use 19,852,393

Final Results for Measure #2
Source Demand Impact Energy impact
Evaluation 7.32 112,366

Application 8.00 67,548

Post-Retrofit

Demand
8.00

Post-
Condenser
Rejection
(Btuh)
18,818,131

Measure #

Demand
Savings
0.00

Difference in
Condenser

Heat
Rejection
(Btuh)
934,262

Pre-Retrofit
Energy
11,643

Measure
Energy
Savings per
Condenser
Heat
Rejection
(kWh/Btuh)
-30,957

Post-Retrofit
Energy
35,513
108,894
187,932
70,560
13,690

450,145

Post-Retrofit
Energy
35,513
92,228
160,882
70,559
13,699

Post-Retrofit
Energy
47,084

Post-Energy  Post Demand
49,246 8.37085443

61069.XLS

Measure #

Energy

Savings
11,247
31,238
66,009
28,865

5,963
143,322

Measure #
Energy
Savings
11,249
13,222
34,904
28,876
14,718
102,969
102969

Measure #
Energy
Savings
(kWh)
-35,421

kWh

kWh

Pre-
Condenser
Rejection
(Btuh)
19,149,000

0.0028031

Post-
Condenser
Rejection
(Btuh)
18,080,000

4.4248E-07

Difference in
Condenser
Heat
Rejection
(Btuh)
1,069,000

Measure
Energy
Savings per
Condenser
Heat
Rejection
(kWh/Btuh)
-0.03



Condenser Capacity

ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuils
MT#1 Condensing Circuits
MT#2 Condensing Circuits
AC Condensing Clrcuils

Total Circuits
Bin Coincident
Temperature Wat-Bulb
S9} (°F)
113 74
108 72
103 70
98 €8
93 686
88 66
83 63
78 61
73 59
88 56
63 53
58 50
§3 47
48 43
43 40
38 36
33 32
28 27

1,150.000

3
7
5

23

26

35

99

Hour par bin
(hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1088.0
902.0
681.0
397.0
159.0
32.0

Btuh
circuits
circuits
circuits
circuits
clrcuits
circults

Retrigeration
Casa Load
(Btuh)
39,300
39,300
39,300
39,300
39,300
38,300
38,300
39,300
39,300
39,300
39,300
39,300
39,300
39,300
39,300
39,300
39,300
38,300

Btuh Capacity
34,848
81,313
58.081
267.172
302,020
406,566

1,150,000

Application
Factor
{unitless)

Calcutated
Appilcation

{unitiess)

Equivalent

otuh tejectod  Compressor
Factor, Chack for case Load Efficlency, EER  Constant
(Btw/Watt-hr) (Btu/Watt-hr)

(Btuh)
39,300
39,300
39,300
39,300
39,300
39,300
39,300
39,300
39,300
39,300
39,300
36,300
39.300
39,300
39,300
39,300
39,300
39.300

ico Cream, Measure #2

4.42
4.42
4.42
4.42
4.42
4.42
4.42
4.42
4.42
4.42
4.42
A4.42
4.42
4.42
4.42
4.42
4.42
4.42

3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
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Compressor
Conversion Btuh rejected

due to work
{Bluh)
30,348
30,348
30,346
30.348
30,348
30,346
30,346
30,346
30,348
30,348
30,346
30,348
30,346
30,346
30,348
30,346
30,248
30,346

Calcuiated
Bwh Rejected,
Chack
(Btuh)
69,848
69,646
69.648
€8,648
61,453
61,453
61,453
61.453
61,453
81,453
61,453
61,453
81,453
61,483
61.453
61,453
61,453
61,453

Load Factor
{unitiess)
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=
kWhs

ca“wwf
Use
(kWh}
{kWh)
9
YAl
471
1,414
1,663
2,363
2,966
3.771

57,357
8.89

Application
57,364
8.9



Condenser Capacity

Ice Cream Condensing Clreuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circults
MT#2 Gondensing Circuits

AC Condensing Circuits

Total Circults
Bin Coincident
Temperature Wot-Bulb
(°F °F)
113 74
108 72
103 70
98 68
923 68
88 86
B3 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 a6
33 32
28 27

1,150,000

Hour per bin
{hours)
1.0
8.0
§3.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
387.0
159.0
32.0

Btuh
clreuits
circults
clreuits
circuits
clreuits
circults

Rafrigeration
Case Load
(Btuh)
99,900
99,900
99,900
99,800
99,800
99,900
99,900
99,900
99,900
99,900
99,900
99,900
99,900
99,800
99,900
98,900
8,900
99,900

Btuh Capacity
34,848
81,313
58,081
267.172
302,020
408,566

1,150,000

Application
Factor
{unitless)

Calculated Equivalent

case Load Efficiency, EER  Constant
{Btu/Watt-hr) (Btu/Watt-hr)

pp i Btuh rej d
Factor, Check for
{unitless) (Btuh)
0.5 99,800
0.5 99,800
0.5 99,9500
0.5 99.800
0.6 99,800
0.6 99,800
0.6 99,800
0.6 99,900
0.6 99,900
0.6 99,800
0.8 99,900
0.6 99,800
0.8 99,900
0.6 99.800
0.8 99,800
0.6 99,900
0.6 89,800
0.8 89,900

LT¥1, Moasure #2

Compressor  C )

5.00
5.00
5.00
5.00
§.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

Compressor

3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
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Btuh rejected
due to work
(Btuh)
68,192
68,192
88,192
68,192
68,192
68,192
68,192
88,192
68,192
68,192
88,192
68,192
68,192
68,192
68,192
68,192
68,192
88,182

Galculated
Biuh Rejected,
Check
(Btuh)
168,082
168,092
168,082
166,082
147,634
147,634
147,634
147,634
147,634
147,634
147,834
147,634
147,634
147,834
147,634
147,634
147,634
147,634

Load Factor
(unitiess)
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)
20
160
1,059
3177
4,014
5.091
6,382
8,126
9.888
11,245
13,496
156,385
15,357
12,618
9,524
5,552
2,224
448

123,772
19.98

Application
128,288
19.9



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits
Bin Coincident
Temperature Woet-Bulb
(°F) (°F}
113 74
108 72
103 70
98 68
93 66
a8 66
a3 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,150,000
3

Hour per bin
{hours)
1.0
8.0
§3.0
158.0
287.0
384.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
387.0
159.0
32.0

Biuh
circuits
circults
clreuits
circuits
circuits
circuits

Relrigeration

Case Load
(Btuh)
87,100
87,100
87,100
87,100
87,100
87,100
87,100
87,100
87,100
87.100
87,100
87,100
87,100
87,100
87.100
87,100
87,100
87,100

LT#2, Measure #2

Buh Capacity
34,848
81,313
58,081
267,172
302,020
406,566
1,150,000
Caiculated Equivalent Compressor
Application  Applicati Btuh rejected essor  C ion  Biuh rejected
Factor Factor, Check for case Load Efficiency, EER  Constant dué to work
{unitless) (unitless) {Btun) (Btu/Watt-hr) (Btu/Waltt-hr) (Btuh)
- 0.4 87.10C 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 9,454
- 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 50,454
- 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 59,454
0.4 87,100 5.00 3.413 58,454
- 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

61070.XLS

Calculated
Btuh Rejected,
Chack
{Btuh)
146,654
146,554
148,554
146,554
146,554
130,602
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
{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=
kWha

Compressor
Energy Use
(kWh)
(kwhn)
17
139
823
2,770
5,000
4,629
5,811
7,388
8.991
10,224
12,272
13,988
13,963
11,470
8,680
5.048
2,022
407

113,723
17.42

Application
113,282
17.4



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condansing Circults

AC Condensing Circuits

Total Circuits
Bin Coincident
Temperature  Wel-Buib
) i)
113 74
108 72
103 70
98 68
93 66
a8 66
a3 83
78 61
73 58
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,150,000

MT#1, Measure #2

Hour per bin Cu.eLoad

(hours)
1.0
8.0

53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
802.0
681.0
397.0
159.0
32.0

Btuh Btuh Capacty
clreuits 34,848
clreuits 81,313
circuits 58,081
clreuits 267,172
clreuits 302,020
clrcuits 406,566
1,150,000
Calculated Equivalent Compressor
fri A lon App ion  Btuh rej Compressor Conversion  Btuh rejected
Factor Factor, Check for case Load Efficiency, EER  Constant due to work
(Btuh) {unitiess) {unitiess) {Btuh) (Blu/Watt-hr) (Btu/Watt-hr} (Btuh)
198,450 - 1.0 198,450 8.77 3.413 77,230
198,450 - 1.0 198,450 8.96 3.413 75,593
198,450 - 1.0 198,450 9.05 3.413 74,841
198,450 1.0 198,450 9.10 3.419 74,430
198,450 1A 198,450 9.15 3.413 74,023
188,450 - 11 198,450 9.20 3.413 73,621
198,450 - 1.1 198,450 9.25 3.413 73,223
198,450 - 1.1 198,450 9.34 3.413 72,517
198,450 - 1.1 198,450 9.39 3.413 72,131
198,450 - 1.1 198,450 9.48 3.413 71,371
198,450 - 11 198,450 9.54 3.413 70,087
198,450 - t 198,450 9.92 3.413 68,277
198,450 - 11 198,450 10.30 3.413 65,758
198,450 - 1 198,450 11.07 3.413 81,184
188,450 - 1.1 198,450 12.07 3.413 56,118
198,450 - 1.1 198,450 12.07 3.413 58,115
198,450 - 1.1 198,450 12.07 3.413 56,115
198,450 - 11 198,450 12.07 3.413 56,115
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Calculated
Btuh Rejected,
Check
(Btuh)
275,680
274,043
273,291
272,880
252,487
252,183
251,903
261,387
251,106
250,551
250,278
248,202
245,454
243,115
239,414
239,414
239,414
239,414

Load Factor
(unitiess)
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)
23
177
1,162
3,467
4.544
5,732
7.187
9,012
10,808
12,273
14,654
16,084
15,443
11,804
8.174
4,765
1,908
384

127.651
22.63

Application
127,837
22.8



Condenser Capacity

lce Cream Condensing Circuits
LT# Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuils
MT#2 Condensing Circults
AC Condensing Circuits

Tolal Circuits
Bin Coincident
Temperature Wet-Bulb
N3] )
113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 81
73 59
68 58
83 53
58 50
53 47
48 43
43 40
a8 36
33 32
28 27

1,150,000
3

Btuh
clrouits
circuits
circuits
circults
circuits
cireuits

MT#2, Measure #2

Btuh Capacity
34,848
81,313
58,081
267,172
302,020
406,566

1,150,000

Hour perbin  Case Load

(Btuh)
239,000
239,000
239,000
239,000
239,000
239,000
238,000
238,000
238,000
239,000
239,000
239,000
238,000
239,000
239,000
239,000
239,000
239,000

Caleulated Equivalent Compressor
Appii 1 App Btuh reji Compressor Conversion  Buuh rejected
Factor Fagtor, Check for case Load Efficiency, EER  Constant due 1o work
(unitless) {unitiess) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh)
- 0.9 239,000 9.96 3.413 81,898
- 0.8 238,000 10.20 3.413 79,871
- 0.9 239,000 10.31 3.413 79,118
- 1.0 230,000 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 74,200
- 1.0 239,000 11.12 3.413 73,355
- 1.0 238,000 11.26 3.413 72,443
- 1.0 239,000 11.53 3.413 70,746
B 1.0 239,000 11.81 3.413 89,069
- 1.0 239,000 11.97 3.413 68,146
- 1.1 239,000 12.30 3.413 66,318
- 11 239,000 12.96 3.413 62,940
- 1.1 239,000 14.08 3.413 57,934
- 1.1 239,000 14,08 3.413 57,934
- 1.1 238,000 14.08 3.413 57,934
- 11 239,000 14.08 3.413 57,934
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Calculated
Btuh Rejected,
Check
(Btuh})
320,898
318,871
318,118
317,208
295,335
294,651
293,232
292,548
291,883
290,845
289,421
288,747
287,412
284,946
281,292
281,292
281,292
281,292

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=
KWha

Compressor
Energy Use
(kWh)
(kWh)
24
187
1,220
3,643
4,737
6,935
7.262
9,118
10,955
12,166
14,258
16,033
15,875
12,143
8,438
4,919
1,970
397

128,985
24,00

Application
128,992
24



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits
Bin Coincident

Temperature  Wet-Bulb
(°F) (°F)
13 74
108 72
103 70
98 68
93 66
88 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,150,000

Hour per bin
(hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
397.0
159.0
32.0

Btuh
circuits
circults
circuits
circuits
circuits
circuits

AC Load
(tons)
30.00
30.00
30.47
25.78
21,08
16.41
11.72
7.03
2.34

Btuh Capacity

34,848

81,313

58,081
267.172
302.020
406,566

1,150,000

AC Load
(Btuh)
360,000
360,000
365,840
309,360
253,080
196,920
140,640
84,360
28,080

Equivalent

Biuh rejected Compressor

for AC
(Btuh)
360,000
360,000
365,840
308,360
253,080
196,920
140,640
84,360
28,080

AC, Measure #2

Conversion Btuh rejected

Efficiency, EER  Constant
(Btu/Watt-hr) (Btu/Wati-hr}

18.33
18.96
20.15
22.78
26.19
31.01
38.08
40.12
23.66

3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413

61070.XLS

Compressor

due 10 work
(Btuh)
67,031
64.804
61,832
46,350
32,981
21,673
12,602
7,176
4,051

Calculated
Btuh
Rejected,
Check
(Btuh)
427,031
424,804
427,572
355,710
286,061
218,593
153,242
91,536
32,131

Load Factor
(unitiess)
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)

152
862
2,159
2,773
2,311
1,687
1,222
839

12,125
19.64

Application
8,754
20



Condenser Capacity

lce Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits

Bin Coincident
Temperature Wet-Bulb
(°F) (°F)
113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,150,000
3
7
5
23
26
35
99

Hour per bin
(hours)
1.0
8.0
§3.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
397.0
159.0
32.0

Btuh
circuits
circuits
circuits
circuits
circuits
circuits

AC Heat
Rejection
(Btuh)
427,031
424,804
427,572
355,710
286,061
218,593
153,242
91,536
32,131
0

OO0 OO0 0000

Condenser, Measure #2

Btuh Capacity

34,848
81,313
58,081
267,172
302,020
406,566
1,150,000

Refrigeration
Heat
Rejection
(Btuh)
834,317
830,752
829,147
827,826
756,909
755,931
754,222
763,024
752,076
750,283
748,785
746,126
742,952
737,148
729,793
729,793
729,793
729,793

Condenser
Load Factor
(unitless)

€61070.XLS

Calculated
Condenser
Load Factor,
Check
(unitless)
0.9
0.9
0.9

-
o

-k wd ek —d md ed ek b d b eh ek ad e
DO OGO AWM D

Total Heat
Rejection
(Btuh)
1,261,348
1,255,556
1,256,719
1,183,535
1,042,870
374,524
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 Rejected 16,155,348

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

19,365

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
861,000
957,000
953,000
945,000
935,000
935,000
935,000
935,000

19,365,000



Condenser Capacity

ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circults
MT#2 Condensing Circults

AC Condensing Circuits

Total Circulls
Bin Coincident
Temperature Wet-Bulb
CF) P
113 74
108 72
103 70
98 68
93 66
88 66
a3 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,150,000

3
7
S

23

26

35

98

Hour per bin Ca:el.ond

(hours)
1.0
8.0

53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
865.0
1100.0
1088.0
902.0
881.0
397.0
159.0
32.0

Ice Craam, Measure #1

Bunh Btuh Capacity
circuits 34,848
clreuits 81,313
circuits 58,081
circuits 267,172
circuits 302,020
cireuits 408,566
1,150,000
Calculated Equivalent Comprossor

fri Applicati Applicati Btuh rejected Comp o Conversion  Btuh rejected

Factor Factor, Check for case Load Efficiency, EER  Constant due to work
(Btuh) {unitless) (unitiess) (Btuh) {Btu/Watt-hr) {Btu/Watt-hr) (Btuh)
39,300 - 0.5 39,300 4,42 3.413 30,346
39,300 - 0.5 39,300 4.42 3.413 30,346
39,300 - 0.5 39,300 4.42 3.413 30,346
38,300 . 0.5 39,300 4.42 3.413 30,346
39,300 - 0.6 38.300 4.42 3.413 30,348
39,300 - 0.8 38,300 4,42 3.413 30,346
38,300 0.6 39,300 4.42 3.413 30,348
39,300 - 0.6 39,300 4.42 3.413 30,346
38,300 - 0.6 389,300 4.42 3.413 30,346
39,300 - 0.6 39.300 4.42 3.413 30,348
39,300 . 0.8 39,300 4.42 3.413 30,346
38,300 - 0.6 39,300 4.42 3.413 30,346
38,300 - 0.6 38,300 4.42 3.413 30,346
38,300 - 0.8 39,300 4.42 3.413 30,346
38,300 - 0.8 39,300 4.42 3.413 30,346
38,300 - 0.6 39,300 4.42 3.413 30,3468
39,300 - 0.8 39,300 4.42 3.413 30,348
39,300 - 0.6 39,300 4.42 3.413 30,346

61070.XL8

Calculated
Btuh Rejecied,
Check
(Btuh)
89,646
69,646
69,646
69,646
61.453
61,453
61,453
61,453
61,453
61.453
61,453
61,453
61,453
61,453
81.453
81,453
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=

Compressor
Use
(kwh)
(kwh)
9

71
471
1,414
1.883
2,363
2,966
3,77
4,589
5.218
6,264
7,140
7127
5,855
4,420
2,577
1,032
208

57,357
3.88

Application
57,364
8.9



Condenser Capacily

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits
Bin Coincident
Temperature Wot-Bulb
P (°F)
113 74
108 72
103 70
98 €8
93 66
a8 66
83 63
78 61
73 59
68 56
63 53
&8 50
53 47
48 43
43 40
38 a8
a3 32
28 27

1,150,000
3

Hour per bin
(hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
§81.0
707.0
804.0
965.0
1100.0
1098.0
802.0
681.0
397.0
158.0
32.0

Btuh
circuits
clreuits
clrcuits
circuits
circuils
clreuits

Refrigeration
Case Load
(Btuh)
99,900
99,900
99,900
99,800
99,900
99,900
99,900
99,900
99,900
99,900
99,900
99,900
99,900
99,800
99,900
99.900
99,900
98,900

Btuh Capacity

34,848
81,313
58,081
267,172
302,020
408,566
1,150,000

Application
Factor
(unitiess)

LY#1, Maasure #1

Caiculated Equivalent Estimated Compressor

Appiicatk Btuh rejected Comp Conversion  Btuh rejected

Factor, Chack for case Load Efficency, EER  Constant due to work
(unitless) (Btuh) {Btu/Watt-hr) (Btu/Walt-hr) (Btuh)
0.5 99,800 5.00 3.413 68,192
0.5 89,900 5.00 3.413 68,192
0.5 99,800 5.00 3.413 €8,192
0.5 99,900 5.00 3.413 68,192
0.6 99,800 5.00 3.413 68,182
0.6 99,800 5.00 3.413 88,182
0.6 99,900 5.00 3.413 68,192
0.6 99,800 $.00 3.413 68,192
0.6 99,900 5.00 3.413 68,182
0.6 99,800 5.00 3.413 68,192
0.6 99,800 5.00 3.413 68,192
0.8 99,500 5.00 3.413 88,192
0.8 99,800 5.00 3.413 68,192
0.8 99,500 5.00 3.413 88,192
0.6 99,800 5.00 3.413 68,192
0.8 99,800 5.00 3.412 88,192
0.6 99,900 5.00 3.413 68,192
0.6 99,800 5.00 3.413 68,192
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Calculated
Btuh Rejected,
Check
(Btuh)
168,092
168,092
168,082
168,082
147,634
147,634
147,834
147,634
147,634
147,634
147,634
147,634
147,634
147,634
147,634
147,634
147,634
147,634

Load Factor
{unitiess)
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
Q.70
0.70
0.70
0.70
0.70

kWh=
kWhs=

Compressor
Energy Use
{kWh)
{kWh)
20
160
1,059
3,177
4.014
5,001
6,392
8,128
9,888
11,245
13,496
15,385
15,387
12,818
9.524
5,562
2,224
448

123.772
16.98

Application
128,387
19.9



Condenser Capacity

Ice Cream Condensing Circults
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Clreuits

Bin Coincident
Temperature Wet-Bulb
°F) (°F)
113 74
108 72
103 70
98 68
93 €6
88 €66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,150,000

3
7
B}

23

286

35

98

Hour per bin
{hours)
1.0
8.0
53.0
159.0
287.0
384.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
397.0
159.0
32.0

LT#2, Measure #1

Btuh Bluh Capacity
circuits 34,848
circuits 81,313
circuits 58,081
circuits 267,172
circults 302,020
circuits 406,566
1,150,000
Calculated Equivalent

Refrig Appli Appilcath Btuh rejected Comp C )

Case Load Factor Factor, Check for case Load Efficiency, EER  Constant
(Btuh) {unitiess) (unitless) (Btuh) (Btu/Watt-hr) (Buw/Watt-hy)
87,100 - 0.0 87,100 5.00 3.413
87,100 . 0.4 87,100 5.00 3.413
87,100 - 0.4 87,100 5.00 3.413
87,100 - 0.4 87.100 5.00 3.413
87,100 - 0.4 87,100 5.00 3.413
87,100 - 0.4 87.100 5.00 3.413
87,100 - 0.4 87,100 5.00 3.413
87,100 - 0.4 87,100 5.00 3.413
87,100 - 0.4 87.100 5.00 3.413
87,100 - 0.4 87,100 5.00 3.413
87,100 - 0.4 87.100 5.00 3.413
87,100 - 0.4 87,100 5.00 3.413
87,100 - 0.4 87,100 5.00 3.413
87,100 - 0.4 87.100 5.00 3.413
87,100 - 0.4 87,100 5.00 3.413
87,100 - 0.4 87,100 5.00 3.413
87,100 - 0.4 87,100 5.00 3.413
87,100 - .4 87,500 5.00 3.413

61070.XLS

Compressor

Btuh rejected

due to work
(Btuh)
59,454
69,454
59,454
56,454
59,454
58,454
59,454
59,454
50,454
59,454
59,454
59,454
58,454
59,454
59,454
59,454
§9,454
59.454

Calculated
Btuh Rejected,
Check
{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
(unitless)
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 Use
(kWh)
(kWh)
17
138
823
2,770
5,000
4,629
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



Condenser Capacity

Ice Cream Condensing Clrcuits
LT#1 Condensing Circuits
LT#2 Condensing Circults
MT#1 Condensing Circuits
MT#2 Condensing Circulls

AC Condensing Circuits

Total Circuits
Bin Colincident
Temperature Wet-Bulb
R (°F)
113 74
108 72
103 70
88 68
83 66
:1:] 66
83 63
78 €1
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 a8
33 32
28 27

1,150,000

3
7
5

23

26

35

29

Hour per bin
{hours)
1.0
8.0
§3.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
985.0
1100.0
1098.0
902.0
681.0
397.0
158.0
32.0

Btuh
circults
clreuits
circuits
circuits
circuits
circuits

Refrigeration
Case Load
(Btuh)
198,450
198,450
198,450
198,450
198,450
198,450
198,450
198,450
198,450
198,450
198,450
198,450
198,450
198,450
198,450
198,450
198,450
198,450

Btuh Capacity

MT#1, Measure #1

34,848
81,313
§8,081
267,172
302,020
408,566
1,150,000
Calculated Equivalent Compressor
Appll Appli Btuh rejected Comp Ci lon  Btuh rejected
Factor Factor, Check for case Load Efficiency, EER  Constant due to work
(unitless) {unitless) (Btuh) (Btu/Waltt-hr) (Btu/Watt-hr) (Btuh)
- 1.0 198,450 8.58 3.413 78,841
- 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
- t.0 198,450 B8.58 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 78,941
- 1.0 198.450 8.58 3.413 78,841
- 1.0 198,450 8.58 3.413 78,941
- 1.0 198,450 8.58 3.413 78,941
- 1.0 188,450 8.58 3.413 78,941
- 1.0 198,450 B.58 3.413 78,941
- 1.0 198,450 8.58 3.413 78.841
- 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 78,841
- 1.0 198,450 8.58 3.413 78,941
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Calculated
Btuh Rejected,
Check
(Btuh)
277,391
277,391
277,391
277,381
277,391
258,077
258,077
256,077
258,077
256,077
256,077
256,077
256,077
268,077
256,077
256,077
258,077
266,077

Load Factor
{unitless)
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

KkWh=
kWh=

Compressor
Energy Use
{kwh)
(kWh)
23
185
1,226
3,678
6.638
8,146
7.716
9,810
11,837
13,575
16.293
18,573
18,539
15,230
11,498
6,703
2,885
540

150.896
23.13

Application
149,258
23.1



Condenser Capacity

Ice Cream Condensing Clrcults
LT#1 Condensing Circuits
LT#2 Condensing Circulls
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AG Condensing Circuits

Total Circuits
Bin Coincident
Temperature Woet-Bulb
R )
113 74
108 72
103 70
98 68
83 [:1:]
88 68
83 63
78 61
73 59
68 56
83 53
58 50
53 a7
48 43
43 40
38 38
33 32
28 27

1,150,000

3
7
6

23

26

35

28

Hour per bin
(hours)
1.0
8.0
$3.0
158.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
8902.0
681.0
397.0
158.0
32.0

MT#2, Measure #1

Btuh Btuh Capacity

clrculls 34,848
circuils 81,313
clrcults 58,081
clreuits 267,172
clreuits 302,020
clrcuits 406,566

1,150,000

Calculated Equivalent
Retrig Applicati Appillcat Bluh rejected Comp Co

Case Load Factor Factor, Check for case Load Efficiency, EER  Constant
(Btuh} {unitless) (unitiess) {Btuh) (Btu/Watt-hr) (Btu/Watt-hr)
239,000 - 0.9 239,000 9.85 3.413
239,000 - 0.8 236,000 9.85 3.413
239,000 - 0.9 239,000 9.85 3.413
239,000 - 0.8 235,000 9.85 3.413
239,000 - 0.9 239,000 9.85 3.413
239,000 . 1.0 239,000 9.85 3.413
239,000 - 1.0 238,000 9.85 3.413
239,000 - 1.0 239,000 ¢.85 3.413
239,000 - 1.0 238,000 9.85 3.413
239,000 - 1.0 238,000 9.85 3.413
239,000 - 1.0 239,000 9.85 3.413
238,000 - 1.0 239,000 9.85 3.413
239,000 - 1.0 239,000 9.85 3.413
239,000 - 1.0 239,000 9.88 3.413
239,000 - 1.0 239,000 9.85 3.413
239,000 - 1.0 239,000 9.885 3.413
239,000 - 1.0 239,000 9.85 3.413
239,000 - 1.0 239,000 9.85 3.413
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Compressor

Btuh rejected

due to work
{Btuh)
82,813
82,813
82,813
82,813
82,813
82,813
82,813
82,813
82,813
82,813
82,813
82,813
82,0613
82,813
82,813
82,813
82,813
82,813

Calculated
Btuh Rejecied,
Check

(Btuh)

321,813
321,813
321,813
321,818
321,813
299,453
299,463
269,453
200,453
299,453
299,453
299,453
299,453
299,453
200,453
299,453
299,453
299,453

Load Factor
{unitless)
1.00
1.00
1.00
1.00
1.00
0.73
0.73
0.73
0.73
Q.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73

kWh=
kWh=

Use
(kWh}
{kWh)

24
194
1,286
3,858
6,884
6,447
8,095
10,291
12,523
14,241
17,093
18,484
18,449
15,877
12,062
7,032
2,816
567

158.403
24.26

Application
156,540
243



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Clreuits
Bin Coincidert

Temperature  Wet-Bulb
) %
113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 38
33 32
28 27

1,150,000

Hour per bin
{hours)
1.0
8.0
53.0
159.0
287.0
364.0
467.0
581.0
707.0
804.0
$65.0
1100.0
1088.0
902.0
681.0
387.0
159.0
32.0

Btuh
circuits
circuits
circuits
circuits
circuits
circuits

AC Load
{tons)
30.00
30.00
30.47
25.78
21.09
16.41
11.72
7.03
2,34

Btuh Capacity
34,848
81,313
58,081
287,172
302,020
406.566
1,150,000
Equivalent
Biluh rejected
AC Load for AC
(Btuh) (Btuh)
360,000 360,000
360,000 360,000
365,640 365,640
309,360 309,360
253,080 253,080
196,920 196,920
140,640 140,840
84,360 84,360
28,080 28,080

AC, Measure #1

Compressor
Efficency, EER  Constant
(Btu/watt-hr) (Btu/Watt-hr)

17.69 3.413
17.69 3.413
17.68 3.413
17.69 3.413
17.69 3.413
17.69 3.413
17.69 3.413
17.69 3.413
17.69 3.413
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Compressor

Conversion  Btuh rejected

due to work
(Btuh)
69,456
69,456
70,544
59,686
48,828
37,993
27,134
16,276
5,418

Calculated
Btuh
Refected,
Check

(Btuh)
429,456
429,456
436,184
369,046
301,908
234,913
167,774
100,836

33,498

Notes
The application assumes a lower AC load in the post-measure #2 retrofit condition.

Load Factor
(unitiess)
1.00
.00
.00

kWh=
kWh=

Colllplmor
Energy Use
(kWh)
(kWh)
20
163
1,095
2,781
4,106
4,052
3,633
2,771
1,122

19,743
20.35

Application
19,748
21



Condenser Capacity

lce Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits

Bin Coincident
Temperature Wet-Bulb
(°F) (°F)
113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,150,000

3
7
5

23

26

35

99

Hour per bin
(hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
397.0
159.0
32.0

Btuh
circuits
circuits
circuits
circuits
circuits
clreuits

AC Heat
Rejection
(Btuh)
429,456
429,456
436,184
369,046
301,908
234,913
167,774
100,636
33,498
0

OO0 O0OO0OCQCOOQO

Btuh Capacity
34,848
81,313
58,081
267,172
302,020
406,566

1,150,000

Refrigeration

Heat Rejection Load Factor

(Btuh)
836,942
836,942
836,942
836,942
808,290
764,617
764,617
764,617
764,617
764,817
764,617
764,617
764,617
764,617
764,617
764,617
764,617
764,617

Condenser, Maasure #1

Condenser

(unitless)

Calculated
Condenser
Load Factor,
Check
(unitless)
0.9
0.9
0.9

-
=3

T N N N T N G (i (I (U G Gy
PR LN S R -]

Total Rejected 16,598,949
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Total Heat
Rejection
(Btuh)
1,266,398
1,266,398
1,273,126
1,205,988
1,110,188
999,530
932,391
865,253
798,115
764,617
764,617
764,617
764,817
764,617
764,617
764,617
764,817
764,617

Total Heat Total Heat
Rejection from Rejection from
the the
Application Application
(MBtuh) (Btuh)
1,330 1,330,000
1,412 1,412,000
1,419 1,419,000
1,362 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
983 983,000
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



Evaluation Compressor Savings
Ice Cream Condensing Circuits

LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits
AC Condensing Circuits
Total

Pre-Retrofit
Demand
8.89
19.88
17.42
23.13
24.26
20.35

Total Refer w/ Compressor

Application Compressor Savings
Ice Cream Condensing Circuits

LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits
AC Condensing Circuits
Total

Pre-Retrofit
Demand
8.90
18.90
17.40
23.10
24.30
21.00

Measure #2 Summary of Findings

Dark Green font is an estimate because this leve! of detail was missing from the apptication.

Applicaton Condenser Analysis

Condenser Fan Use

Evaluation Condenser Analysis

Condenser Fan Use

Pre-Retrofit
Demand
11.00

Pre-
Condenser
Rejection
(Btuh)
18,598,949

Final Results for Measure #2

Sourcs Demand Impact Energy impact
Evaluation 1.48 33.106
Application 1.80 14,273

Measure # Measure #
Post-Retrofit Demand Pre-Retrofit  Post-Retrofit Energy
Demand Savings Enerqy Energy Savings
8.89 0.00 57,357 57.357 0
19.98 0.00 123,772 123,772 ¢}
17.42 0.00 113,723 113,723 v}
22.83 0.50 150,996 127,651 23.344
24.00 0.27 168,403 128,985 29,417
19.64 0.71 19,743 12.125 7.618
1.48 kW 60,379 kWh
102.09 613,255
Measure # * Measure #
Post-Retrofit Demand Pra-Retrofit  Post-Retrofit Energy
Demand Savings Energy Energy Savings
8.80 0.00 57.364 57,364 0
19.90 0.00 128,387 128,288 99
17.40 0.00 113,282 113,282 0
22.60 0.50 149,258 127,637 21,621
24.00 0.30 156,540 128,992 27,548
20.00 1.00 19,748 8,754 10,884
1.80 kW 60,262 kWh
Difference in
Pre- Post- Condenser
Measure # Measure # Condenser Condenser Heat
Post-Retrofit Demand Pre-Retrofit  Post-Retrofit Energy Rejection Rejection Rejection
Demand Savings Energy Energy Savings (kWh) (Btuh) (Btuh) {Btuh)
11.00 0.00 28,049 74,038 -45,989 20,113,000 19,365,000 748,000
0.00382329 5.6804E-07
Measure
Energy
Difference in  Savings per
Post- Condenser Condenser
Condenser Heat Heat
Rejaction Rejection Rajection
{Btuh) (Btuh) (kWh/Btuh) Post-Energy Post Demand
16,155,348 443,602 -27.274 61,767 9.17680473
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Measure
Energy
Savings per
Condenser
Heat
Rejection
(kWh/Btuh)
-0.06



ice Cream, Measure #2

Condenser Gapacity 1,500,000 Btuh Btuh Capacity

Ice Cream Condensing Circuits 2 clreuits 61,224

LT#1 Condensing Clrcuits 3 circuits 91,837

LT#2 Condensing Circuits 4 circuits 122,449

MT#1 Condensing Circuits 10 clreuits 308,122

MT#2 Condensing Circuits 12 clreuits 367,347

AC Condensing Circults 18 clrcults 551,020

Total Clrcuits 49 1,500,000

Calcutated Equivaient Compressor Calculated Compressor
Bin Colncident Refrigeration  Application App Btuh rej Comp Cor ion  Btuh rej d Btuh Rejected, Energy Use
Temperature ~ Wet-Bulb  Hour per bin  Case Load Factor Factor, Check for case Load Eficiency, EER  Constant due to work Check Load Factor (kWh)
(°F) (°F) (hours) (Btuh) {unitless) {unitiess) {Btuh) (Btu/Watt-hr) {Btu/Watt-hr) (Btuh) (Btuh) {unitless) (kWh)
113 74 1.0 24,800 1.4 1.8 24,800 5.08 3.413 16,662 41,482 1.00 5
108 72 8.0 24,800 1.8 1.5 24,800 5.11 3.413 18.564 41,364 1.00 38
103 70 53.0 24,800 1.5 1.5 24,800 5.13 3.413 16,489 41,288 1.00 256
98 88 158.0 24,800 1.8 1.6 24,800 §.15 3.413 16.435 41,235 1.00 766
93 66 287.0 24,800 1.5 1.7 24,800 5.36 3.413 15,781 35,084 0.65 863
8s 66 384.0 24,800 1.8 1.8 24,800 5.47 3.413 15,474 34,858 0.65 1,073
83 83 457.0 24,800 1.5 1.8 24,800 5.68 3.413 14,902 34,486 0.85 1,297
78 61 581.0 24,800 1.5 1.8 24,800 5.78 3.413 14,644 34,319 0.65 1.620
73 59 707.0 24,800 1.5 1.8 24,800 8.00 3.413 14,107 33,870 0.65 1,889
68 56 804.0 24,800 1.6 1.8 24,800 6.28 3.413 13,478 33,561 0.865 2,064
63 53 965.0 24,800 1.6 1.8 24,800 6.35 3.413 13,330 33,484 0.65 2,450
58 50 1100.0 24,800 1.6 1.9 24,800 €.50 3.413 13.022 33,264 0.85 2,728
53 47 1098.0 24,800 1.6 1.9 24,800 6.72 3.413 12,506 32,887 0.65 2.634
48 43 902.0 24,800 1.6 1.9 24,800 6.94 3.413 12,196 32,728 0.65 2,085
43 40 681.0 24,800 1.6 1.8 24,800 6.94 3.413 12,198 32.728 0.65 1.582
338 36 397.0 24,800 1.6 1.9 24,800 6.94 3.413 12,196 32,728 0.65 922
33 32 159.0 24,800 1.6 1.9 24,800 €6.94 3.413 12,186 32,728 0.65 368
28 27 32.0 24,800 1.6 1.9 24,800 6.94 3.413 12,196 32.728 0.65 74
Application
kWh= 22,738 = 22,736
kWhz 4.88 = 49
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Condenser Capacity

lce Cream Condensing Circuits
LT#1 Condensing Circults
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuils

Total Circuits
Bin Coincident
Temperature  Wel-Bulb
(°F) (°F}
113 74
108 72
103 70
98 68
93 68
88 65
a3 63
78 61
73 59
68 58
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

Hour per bin
(hours}
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
865.0
1100.0
1098.0
802.0
€81.0
397.0
159.0
32.0

Btuh
circuits
circuits
clrcuits
circuits
circuits
circuits

Retrigeration
Caso Load
(Bluh)
§0,850
50,850
50,850
50,850
50,850
50.850
50,850
50,850
50,850
50.850
50,850
50,850
50,850
50,850
50.850
50.850
50,850
50,850

Biuh Capacity
61,224
91,837
122,449
306,122
387,347
551,020

1,500,000

Calculated Equivalent

Appiication Application  Btuh rejected Compressor
Factor Factor, Chack for case Load Efficiency, EER  Constant
(Btu/Watt-hr) (Btu/Watt-hr)

(unitiess} (unitless) {Btuh}
1.1 1.1 §0,850
1.1 1.1 50,850
11 1.1 50,850
1.1 1.1 50,850
1.1 1.3 50,850
1.1 1.3 50,850
1.1 1.3 50,850
1.2 1.3 50,850
1.2 1.3 50,850
1.2 1.3 50,850
1.2 1.3 50,850
1.2 1.3 50,850
1.2 1.4 50,850
1.2 1.4 50,850
1.2 1.4 50,850
1.2 1.4 50,850
1.2 1.4 50,850
1.2 1.4 50,850

LT#1, Moasuro #2

5.70
5.90
5.90
5.90
8.10
6.10
6.30
6.30
6.40
6.60
6.70
6.90
7.10
7.50
8.00
8,00
8.00
8.00

3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413

82985.4LS

Compressor

Conversion  Btuh rejected

due to work
(Btuh)
30,448
29,415
29,415
29,415
28.451
28,451
27,548
27,548
27,117
26,296
25,803
26,152
24,444
23,140
21,884
21,694
21,694
21,684

Calculated
Biuh Rejected,
Check
(Btuh)
81,298
80,265
80,265
80.265
70,768
70,766
70,133
70,133
69.832
69,257
66,962
88,457
67,961
67.048
56,036
66,036
66,036
66,036

Load Factor
(unitless)
1.00
1.00
1.00
1.00
0.70
2.70
0.70
0.70
0.70
0.70
0.70
0.70
0.7¢
0.70
0.70
0.70
0.70
0.70

kWh=
KWh=

Compressor
Energy Use
{(kWh)
(kwh)
]
89
457
1,370
1,875
2,124
2,582
3,283
3.632
4,336
5,127
5,676
5,505
4,281
3,030
1,766
707
142

456.07C
8.92

Application
42,933
8.9



Candenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits
Bin Coincident
Temperature Wet-Bulb
°F) CF)
113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 3]
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,500,000

2

3

4

10

12

18
49

Hour per bin
{hours)
1.0
8.0
§3.0
159.0
287.0
364.0
457.0
§81.0
707.0
804.0
865.0
1100.0
1088.0
902.0
681.0
397.0
158.0
32.0

Btuh
clreuits
clrcuits
circults
circults
circults
clrcuits

Refrigeration
Case Load
(Btuh)
82,750
82,750
82,750
82,750
82,750
82,750
82,750
82,750
82,750
82,750
82,750
82,750
82,750
82,750
82,750
82,750
82,750
82,750

Btuh Capacity
81,224
91,837
122,449
306,122
367,347
§51,020

1,500,000

Calculated Equivalent

Compressor

Application  Application  Bwh rejected Compressor  Conversion  Biuh rejected
Factor Factor, Check for case Load Efficiency, EER  Constant

{Btu/Watt-hr) (Btu/Watt-hr}

{unitless) (unitiess) {Btuh)
0.8 0.9 82,750
0.9 0.9 82,750
0.8 0.2 82,750
0.9 0.9 82,750
0.9 1.1 82,750
0.9 1.1 82,750
0.9 1.1 82,750
0.9 11 82,750
0.9 1 82,750
0.9 1.1 82,750
0.9 1.1 82,750
0.8 1.1 82,750
1.0 1.1 82,750
1.0 1.1 82.750
1.0 1.1 82,760
1.0 1.1 82,750
1.0 1.4 82,750
1.0 1.1 82,750

LT#2, Moasure #2

§.30
5.50
5.50
5.50
5.60
5.70
5.80

3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413

62985.4LS

due 10 work

(Btuh)
53,288
51,350
51,350
51,350
50,433
49,548
48,694
47,869
47,071
46,299
45,553
44,829
43,450
41,533
38,688
38,688
38,688
38,688

Calculated
Btuh Rejected,
Check
(Btuh)
136,038
134,100
134,100
134,100
115,532
114,956
114,401
113,865
113,346
112,845
112,359
111,889
110,883
108,747
107,897
107,887
107,897
107,897

Load Factor

(unitless)
1.00
1.00
1.00
1.00
0.65
0.65
0.85
0.65
0.65
0.65
0.65
0.65
0.85
0.88
0.65
0.65
0.65
0.65

kWh=
kWh=

Compressor
Energy Use
(kWh)
(kWh)
18
120

73,813
18.61

Application
77,227
15.5



Condenser Capacity

lce Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits
AC Condensing Circuits

Total Circuits
Bin Coincident
Temperature Wet-Bulb
R ¢F)
113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 €1
73 58
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,500,000

Hour per bin
(hours)
1.0
8.0
53.0
169.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
802.0
881.0
387.0
158.0
32.0

MT#1, Measure #2

Bluh Bluh Capacity
clreuits 61,224
circuits 91,837
circults 122,449
circuits 306,122
circuits 367,347
circuits 551,020
1,500,000
Caiculated Equivalent ressor
Refrig A App Biuh re) Comp Conversion  Btuh rejected
Case Load Factor Factor, Check for case Load Efficiency, EER  Constant due 1o work
(Btuh) (unitless) {unlitiess) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh)
247,645 0.9 0.9 247,645 8.48 3.413 99,671
247,645 0.9 0.8 247,645 8.67 3.413 97,487
247,645 0.9 0.9 247,645 8.77 3.413 96,375
247,845 0.9 0.9 247,645 8.86 3.413 95,366
247,845 0.9 1.0 247,645 8.96 3.413 94,332
247,645 0.9 1.0 247,645 8.05 3.413 93,304
247,845 0.9 1.0 247,645 9.10 3.413 92,880
247,645 0.9 1.0 247,645 9.20 3.413 91,871
247,845 0.9 1.0 247,645 9.25 3.413 81,374
247,645 0.9 1.0 247,845 9.34 3,413 90,494
247,645 0.9 1.0 247,645 9.39 3.413 90,012
247,645 0.9 1.0 247,845 9.44 3.413 89,536
247,645 0.9 1.0 247,645 9.49 3,413 89,063
247,645 0.9 1.0 247,645 10.30 3.413 82,058
247,645 0.9 1.0 247,645 11.45 3.413 73.818
247,645 0.9 1.0 247.645 11.45 3.413 73.818
247,845 0.9 1.0 247,645 11.45 3.413 73.818
247,645 0.9 1.0 247,645 11.45 3.413 73,818

62985.XLS

Calculated
Btuh Rejected,
Check
(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
300,984
295,626
295,626
295,626
295,626

Load Factor
{unitless)
1.00
1.00
1.00
1.00
0.65
0.65
0.65
0.85
0.65
0.85
0.65
Q.85
0.65
0.85
0.85
0.65
0.65
0.65

kWh=
kWhs=

Compressor
Energy Use
{kWh)
(kWh)
29
229
1,487
4,444
5.156
8,474
8,084
10,166
12,309
13,856
16,543
18,767
18,624
14,087
9.574
5,581
2,235
450

148.6939
28.20

Application
148,073
29.2



Cordenser Capacity

Ice Cream Condensing Circuits
LT# Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circults

AC Condensing Circults

Total Clreuits
Bin Coincident
Temperature Woet-Bulb
3} °F
113 74
108 72
103 70
28 68
83 66
-1} 66
83 63
78 61
73 58
68 58
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,500,000

Hour per bin
(hours)
1.0
8.0
53.0
158.0
287.0
384.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
802.0
681.0
387.0
158.0
32.0

Btuh
circuits
circults
circults
clrcuits
circults
circults

Refrigeration
Case Load
(Btuh)
280,600
290,600
290,600
280,600
290,800
290,800
290,600
290,600
290,600
290,600
290,600
280,600
290,800
290,600
290,600
290,600
290,600
290,600

Btuh Capacity
81,224
91,837
122,449
306,122
367,347
§51,020

1,500,000

Calculated Equivatent

Application Application  Btuh rejected Compressor
Factor Factor, Check for case Load Efficiency, EER  Constant
(Btu/Watt-hr) (Btu/Watt-hr)

(unitless) {unitiess) {Btuh)
0.8 0.2 290,600
0.8 0.9 290,800
0.9 0.9 290,600
0.9 0.8 290,600
0.9 1.0 290,600
0.9 1.0 290,600
0.8 1.0 280,600
0.8 1.1 290,600
1.0 1.1 290,600
1.0 1.1 290,600
1.0 1.1 290,600
1.0 1.1 280,600
1.0 1.1 290,600
1.0 1.1 290,600
1.0 1.1 290,600
1.0 1.1 290,800
1.0 1.4 290,800
1.0 1.4 290,600

MT#2, Measurs #2

9.96
10.20
10.31
10.31
10.57
10.70
10.84
1112
11.26
11.53
11.67
11.97
12.30
12.96
13.87
13.87
13.87
13.87

+3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
A.413

62985.XLS

Compressor
Conversion  Btuh rejected

due o work
(Btuh)
99,580
97,237
96,200
96,200
93,833
92,693
91,496
89,192
88,083
86,021
84,989
82,859
80,636
768,529
71,508
71,508
71,508
71,508

Calcuiated
Btuh Rejected,
Check
(Btuh)
390,180
387,837
386,800
386,800
351,592
350,851
350,072
348,575
347,854
346,513
345,843
344,458
343,012
340,344
337,080
337,080
337,080
337,080

Load Factor
(unitiess)
1.00
1.00
1.00
1.00
0.65
0.65
0.65
0.65
0.85
0.685
0.65
0.65
0.65
0.85
0.65
0.85
0.65
0.65

kWhs=
kWh=

Compressor
Energy Use
(kWh)
(kWh)
29
228
1,494
4,482
5.128
6,426
7.963
9,869
11,880
13,172
15.819
17,358
16,862
13,147
9.274
5,407
2,165
436

140.919
28.18

Application
140,914
28.2



Condenser Capacity

Ice Cream Condensing Circults
LT#1 Condensing Circuits
LT#2 Condensing Circults
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits
Bin Coincident
Temperature Wet-Bulb
P (°F)
113 74
108 72
103 70
98 68
93 €6
88 66
83 63
78 61
73 58
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,500,000

2
3
4

10

12

18

49

Hour per bin
(hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
10988.0
902.0
881.0
397.0
159.0
32.0

Btuh
circuits
circuits
circuits
circuits
circuits
circuits

AC Load
(tons)
40.00
40.00
40.83
34.38
28.13
21.88
15.63
9.38
3.13

Btuh Capacity

61,224

91,837
122,449
306,122
367.347
551.020

1,500,000

AC Load
{Btuh)
480,000
480,000
487,560
412,560
337,560
262,560
187,560
112,560
37,580

Equivalent
Btuh rejected
for AC
(Btuh)
480,000
480,000
487,560
412,560
337,560
262,560
187,560
112,560
37,560

AC, Measure #2

Compressor  Conversion
Efficiency, EER  Constant
(Btu/Watt-hr) (Btu/Watt-hr)

16.37 3.413
17.20 3.413
18.20 3.413
20.02 3.413
23.15 3.413
27.19 3.413
33.00 3.413
35.91 3.413
35.91 3.413

62985.XL.S

Compressor
Btuh rejected
due to work
(Btuh)
100,076
95,247
91,431
70,333
49,766
32,958
19,398
10,698
3,570

Calculated
Btuh
Rejected,
Check
(Btuh)
580,076
575,247
578,991
482,893
387,326
295,518
206,958
123,258
44,700

Load Factor
(unitless)

1.

- A 4 b s e ooa

KWh=
kWh=

Compressor
Energy Use
(kWh)
(kWh)

223
1,420
3,277
4,185
3,515
2,597
1,821
1,479

18,546
29.32

Application
13,472
29



Condenser Capacity

Ilce Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Clrcuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits

Bin Coincident
Temperature Wet-Bulb
(F) CF)
113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,500,000
2
3
4
10
12
18
49

Hour per bin
(hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
397.0
159.0
320

Btuh
circuits
clrcuits
circults
circuits
circuits
circuits

AC Heat
Rejection
(Btuh)
580,076
575,247
578,991
482,893
387,326
295,518
206,958
123,258
44,700

(=3 =3 =eie NN~ X-)

Btuh Capacity
61,224
91,837
122,449
306,122
367,347
551,020
1,500,000
Refrigeration  Condenser
Heat Rejection Load Factor
(Btuh) (unittess)
860,256 1.0
854,599 1.0
852,385 1.0
851,342 1.1
766,382 1.1
764,825 1.2
762,709 1.3
760,388 1.5
758,694 1.6
755,797 1.6
754,442 1.6
752,022 1.6
749,497 1.6
741,103 1.6
731,470 1.6
731,470 1.6
731,470 1.6
731,470 1.6

Condenser, Measure #2

Calculated
Condenser
Load Factor,
Check
(unitless)
1.0

wallLlpopo00D0@NRLWo OO

Total Rejected

62085 .XLS

Total Heat
Rejection
(Btuh)
1,440,332
1.429,845
1,431,376
1,334,235
1,153,709
1,060,343
969,668
883,646
803,394
755,797
754,442
752,022
749,497
741,103
731.470
731,470
731,470
731,470

17,185,288

Total Heat Total Heat
Rejection from Rejection from
the the
Application Application
(MBtuh) {Btuh)
1,575 1,575,000
1,565 1,665,000
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
356 956,000
951 951,000
946 946,000
a32 932,000
915 915,000
915 915,000
915 915,000
915 915,000

20,080 20,080,000 Heat rejection differences are significant



Condenser Capacity

ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Clrcults
MT#1 Condensing Clrcuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits
Bin Coincident
Temperature Woet-Bulb
Ch )
113 74
108 72
103 70
28 68
93 66
88 68
83 83
78 61
73 59
68 56
83 53
58 50
53 47
48 43
43 40
a8 38
33 32
28 27

1,500,000
2

Hour per bin
{hours)

Btuh
cirouits
circuits
circults
clreuits
circults
cireults

Case Load
{Btuh)
24,800
24,800
24,800
24,800
24,800
24,800
24,800
24,800
24,800
24,800
24,800
24,800
24,800
24,800
24,800
24,800
24,800
24,800

Btuh Capacity
61,224
91,837
122,449
306,122
387,347
§51,020

1,500,000

Calculated
Refrigeration  Application  Application

{unitiess) (unitless)
14 1.5
1.4 1.

Ice Cream, Measure #1

Equivalent Compressor

Btuh rejected Comp G jon  Btuh rejected

Factor Factor, Check for case Load Efficlency, EER  Constant due to work
(Btuh) (Btu/Watt-hr) (Btu/Watt-hr} (Btuh)
24,800 5.04 3.413 18,794
24,800 5.06 3.413 18,728
24,800 5.06 3.413 16,728
24,800 5.06 3.413 18,728
24,800 5.06 3.413 16,728
24,800 5.08 3.413 16,728
24,800 5.08 3.413 18,728
24,800 5.06 3.413 16,728
24,800 5.08 3.413 18,728
24,800 5.06 3.413 16,728
24,800 5.08 3.413 18,728
24,800 5.08 3.413 18,728
24,800 5.06 3.413 16,728
24,800 5.08 3.413 18,728
24,800 5.08 3.413 16,728
24,800 $.06 3.413 18,728
24.800 5.08 3.413 16,728
24,800 5.08 3.413 16,728

1
1
1
1
1
1
1
1.4 1.
1
1
1
1
1
1
1
1

NNNNNVUNNNYNNNNNoooo

©62985.XLS

Calculated
Btuh Rejected,
Check
(Btuh)
41,594
41,528
41,528
41,528
41.528
35,873
35,673
35,873
35,673
35.873
35,873
35,873
35,873
35,873
35.673
35,873
35,673
35,873

Load Factor
(unitless)
1.00
1.00
1.00
1.00
1.00
0.65
0.65
0.65
0.5
0.65
0.85
0.65
0.65
0.85
0.65
0.65
0.65
0.65

kWh=
kWh=

Compressor
Energy Use
(kWh)
(kWh)
5
39
280
779
1,407
1,160
1,456
1,851
2,252
2.561
3,074
3,504
3,488
2,874
2,170
1,265
507
102

28,763
4.92

Application
28,272
4.9



Condenser Capacity

ice Cream Condensing Circuits
LT#1 Condensing Circults
LT#2 Condensing Clrcuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circuits
Bin Coincident

Temperature Wet-Bulb
3) N
113 74
108 72
103 70
98 68
93 66
88 (1]
83 63
78 81
73 59
-] 58
83 53
58 50
83 47
48 43
43 40
38 38
a3 32
28 27

1,500,000

2
3

4

10

12

18

48

Hour per bin
{hours)
1.0
8.0
53.0
158.0
287.0
364.0
457.0
581.0
707.0
804.0
985.0
1100.0
1098.0
902.0
681.0
397.0
158.0
32.0

Btuh
circuits
circuits
circults
clreuits
circuits
clreuits

Refrigeration
Case Load
(Btuh)
60,850
50,850
50,850
50,850
50,850
50,850
50,850
50,850
50,850
50,850
50,850
50,850
50,850
50,850
50,850
50,850
50,850
50,850

Btuh Capacity
61,224
91,837
122,449
306,122
387,347
551,020

1.500,000

Appiication
Factor
{unitless)
1.1

- s a ad A A A A ek A b ok A ek s
[N NI DD PN I VPSP Y

o o beard
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LT#1, Measure #1

Application  Biuh rejected

ressor  Conversion Btuh rejected

Compl
Factor, Check for case Load Efficlency, EER  Constant

{unitiess)
1.1

.._._._.._._._a.._._.J_._._._...‘..
VWV DWW WWD WY N L

(Btunh)
50,850
50,850
50,850
50,850
50,850
50,850
50,850
50,850
50,850
50.850
50,850
50,850
50,850
50,850
50.850
50,850
50,850
50,850

{Btu/Watt-hr) (Btu/Watt-hr)

5.70
5.90
5.90
5.90
6.00
8.00
6.00
6.00
€.00
8.00
8.00
8.00
6.00
6.00
6.00
6.00
6.00
8.00

3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413

62985.XLS

Cornpressor

due to work
(Btuh)
30.448
29,415
29,415
25.415
28,925
28,925
28,925
28,925
28,925
28,925
28,925
28,925
28,925
28,925
28,925
28,925
28,928
28,925

Calculated
Btuh Refected,
Check
(Btuh)
81,298
80,265
80,285
80,265
78,775
60,651
69,851
69,651
69,851
89,851
68,651
69,651
69,851
69,651
69.651
69,651
89,851
69,851

Load Factor
(unitless)
1.00
1.00
1.00
1.00
1.00
0.85
0.65
0.85
0.65
0.65
0.65
0.85
0.65
0.85
0.85
0.85
0.65
0.65

kWh=
kWh=

Compressor
Energy Use
(kKWh}
(kWh)
9
69
457
1,370
2,432
2,005
2,517
3,201
3,895
4.429
5,316
8,060
6,049
- 4,969
3.751
2,187
876
176

49,768
8.82

Application
49,002
8.9



Condenser Capacity

ice Cream Condensing Clrcutts
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circults
Totat Circuits
Bin Coincident
Temperature  Wet-Bulb
CF) CF
13 74
108 72
103 70
98 68
93 86
88 68
83 83
78 81
73 58
&8 58
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,500,000

efrigeration
Hour per bin  Case Load

(hours)
1.0
8.0

53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
802.0
681.0
397.0
1§8.0
32.0

R

Btuh
clrcults
circuits
circults
circults
circults
circults

(Btuh)
82,750
82,750
82,750
82,750
82,750
82,750
82,750
82,750
82,750
82,750
82,750
82,750
82,750
82,750
82,750
82,750
82,750
82,750

LT#2, Measure #1

Btuh Capacity
61,224
91,837
122,449
306,122
387,347
§51,020
1,500,000
Calculated Equivatent Compressor
Appli Appil Btuh rejected Comp C Btuh rej
Factor Factor, Check for case Load Efficiency, EER  Constant due to work
(unitiess) (unitiess) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh)
0.9 0.9 82,750 5.30 3.413 53,288
0.9 0.9 82,750 5.50 3.413 51,350
0.9 0.8 82,750 5.50 3.413 51,350
0.8 0.8 82,750 5.50 3.413 51,350
0.8 Q.9 82,750 §.60 3.413 60,433
0.9 1.1 82,750 5.70 3.413 49,548
0.9 1.1 82,750 5.80 3.413 48,694
0.8 1.1 82,750 5.90 3.413 47,869
0.9 11 82,750 8.00 3.413 47,071
0.9 1.1 82,750 8.00 3.413 47,071
0.9 11 82,750 6.00 3.413 47,071
0.9 1.1 82,750 6.00 3.413 47,071
0.9 11 82,750 6.00 3.413 47.071
0.9 1.1 82.750 8.00 3.413 47,071
0.9 1.1 82,750 8.00 3.413 47,071
0.9 1.1 82,750 8.00 3.413 47,071
0.9 1.1 82,750 8.00 3.413 47,071
0.9 11 82,750 6.00 3.413 47.071

62985 X3

Caiculated
Btuh Rejocted,
Chack
(Btuh)
136,038
134,100
134,100
134,100
133,183
114,856
114,401
113,865
113,346
113,346
113,346
113,346
"113,348
113,346
113,346
113,346
113,346
113,346

Load Factor
{unitless)
1.00
1.00
1.00
1.00
1.00
0.65
0.65
0.85
0.65
0.85
0.85
0.65
0.65
0.65
0.65
0.85
0.65
0.65

kWh=
kWhe

Compressor
Energy Use
(kWh}
(kWh)
16

8,651
9,861
9,843
8.086
6,108
3.558
1,425
287

81.899
15.61

Application
81,950
15.5



Condenser Capacity

ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Clrcuits

AC Condensing Clrcuits

Total Circults
Bin Coincident
Temperature Wet-Bulb
(*F) F)
113 74
108 72
103 70
98 68
83 66
88 68
83 63
78 61
73 59
88 56
63 53
58 §0
53 47
48 43
43 40
38 38
a3 32
28 27

1,500,000
2

3
4
10
12
18
48

MT#1, Measure #1

Hour per bin  Case Load

(hours)
1.0
8.0

53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
387.0
159.0
32.0

Btuh Btuh Capacity
circuits 81,224
clrcults 91,837
circults 122,449
circuits 306,122
clrcuits 387,347
clreults 551,020

1,500,000

Calculated Equivalent
fi ' Appli ) ppli Btuh rejected Comp Cor !
Factor Factor, Check for case Load Efficiency, EER  Constant

{Btuh) {unitless) {unltiess) (Btuh) (Btu/Watt-hr) (Btu/Watt-hr}
247,845 0.9 0.9 247,845 8.48 3.413
247,845 0.9 0.8 247,645 8.67 3.413
247,645 0.9 0.9 247,645 8.77 3.413
247,645 0.9 0.8 247,645 8.86 3.413
247,645 0.9 1.0 247,845 8.96 3.413
247,845 0.9 1.0 247,645 8.05 3.413
247,845 0.9 1.0 247,845 9.10 3.413
247,645 0.8 1.0 247,645 9.20 3.413
247,845 0.9 1.0 247,645 9.25 3.413
247,645 0.9 1.0 247,845 8.34 3.413
247,645 0.9 1o 247,845 9.39 3.413
247,645 0.9 1.0 247,845 9.44 3.413
247,645 0.9 1.0 247,645 9.49 3.413
247,845 0.9 1.0 247,645 9.54 3.413
247,845 0.9 1.0 247,645 9.54 3.413
247,645 0.9 1.0 247,845 9.54 3.413
247,845 0.9 1.0 247,845 9.54 3.413
247,645 0.9 1.0 247,645 9.54 3.413

62985.XL.S

ressor

8tuh rejected

due 10 work
(Btuh)
99,671
97,487
96,375
95,388
94,332
93,394
92,880
91,871
91.374
90,494
90,012
88,635
89,063
88,597
88,597
88,597
88,597
88,597

Caleulated
Btuh Relected,
Check
(Btuh}
347,318
345,132
344,020
343,041
308,961
308,951
308,017
307,361
307,038
306,466
306,153
305,843
306,538
305,233
305,233
305,233
305,233
305,233

Load Factor
{unitiess)
1.00
1.00
1.00
1.00
0.85
0.65
0.65
0.65
0.85
0.65
0.65
0.65
0.85
0.85
0.65
0.65
0.65
0.65

KWh=
kWh=

Compressor
Energy Use
(kWh)
(kWh)
29
229
1,487
4,444
5,156
6,474
8,084
10,166
12,303
13,856
16.543
18,757
18,624
15,220
11,491
6,699
2,683
540

152,793
28.20

Application
162,780
29.2



Condenser Capacity

lce Cream Congensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits
Total Circuits
Bin Colncident
Temperature Wet-Bulb
°F) °F
113 74
108 72
103 70
98 68
93 -1}
a8 [-1.]
83 83
78 61
73 59
68 56
83 53
58 50
53 47
48 43
43 40
38 3¢
33 32
28 27

1,500,000

(hours)
1.0
8.0
53.0
150.0
287.0
364.0
457.0
581.0
707.0
804.0
865.0
1100.0
1098.0
902.0
681.0
297.0
159.0
2.0

Btuh
circuits
clreuits
circufts
clrcults
circuits
clrcuits

Btuh Capacity
61,224
91,837
122,449
306,122
367,347
551,020

1,500,000

Refrigeration  Application
Hour per bin Case Load

(Btuh)
200,800
290,600
290,600
290,600
290,800
290,600
290,600
290,600
290,600
280,300
290,800
290,600
290,600
280,800
290,600
250,600
290,600
290,600

Factor
{unitiess)
.9
0.9
0.9
0.9

Calculated
Appiication

Equivalent
Btuh rejected

MT#2, Moasure ¥1

Compressor
Compressor  Conversion Btuh rejected

Factor, Check for case Load Efficlency, EER  Constant

{unitless)
0.9

LLLLLLLLLLLoo

{Btuh)
290,800
280,600
260,600
290,600
290,600
290,800
280,600
290,600
290,600
260,600
290,600
290,800
290,600
200,800
280,600
290,600
280,600
290,600

(Btu/Watt-hr} (Btu/Watt-hr)

9.86
10.20
10.31
10.3
10.57
10.70
10.84
11.12
11.26
11.53
11.67
11.81
11.81
11.8¢
11.81
11.81
11.81
11.81

3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413

62985.XLS

due to work
(Btuh)
99,580
97,237
96,200
96,200
93,833
92,883
91,498
89,192
88.083
86,021
84,889
83,081
83,981
83,981
83,981
83,961
83,981
83,981

Calculated
Btuh Rejected,
Check
(Btuh)
390,180
387,837
386,800
386,800
351,592
350,851
350,072
348,575
347,854
348,513
345,843
345,188
345,188
345,188
345,188
345,188
345,188
345,188

Load Factor
{unitlass)
1.00
1.00
1.00
1.00
0.65
0.85
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)
29
228
1,484
4,482
5.128
6,426
7.963
9,869
11,860
13,172
15,819
17,583
17,581
14,427
10,892
6,350
2,543
512

148.143
29.18

Application
146,177
29.2



Condenser Capacity

Ice Croam Condensing Circuits
LT#1 Condensing Circults
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Clrcuits

Total Circuits
Bin Coincident

Temperature ‘Wet-Buib
i) 0
113 74
108 72
103 70
98 68
93 66
88 €6
83 63
78 61
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 as
33 32
28 27

1,500,000
2

3

4
10
12
18
49

Hour per bin
(hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
397.0
159.0
32.0

8tuh
circulls
circuits
circuits
circuits
circuits
circults

AC Load
(tons)
40.00
40.00
40.63
34.38
28.13
21.88
15.63
9.30
3.13

AC, Measure #1

Btuh Capacity
61,224
91,837
122,449
306,122
367.347
551.020

1,500,000

Equivalent Compressor
Btuh rejected Compressor  Conversion Btuh rejected
AC Loed for AC Efficiency, EER  Constant due to work
{Btuh) (Btuh) {Btu/Watt-hr) (Btu/Watt-hr) (Btuh)
480,000 480,000 16.37 3.413 100,076
480,000 480,000 16.92 3.413 96,823
487,560 487,560 17.20 3.413 96,747
412,560 412,560 18.93 3.413 74,383
337,560 337,560 19.29 3.413 59,725
262,560 262,560 19.29 3.413 46,455
187,560 187,560 19.29 3.413 33,185
112,560 112,560 19.29 3.413 19,915
37,560 37.580 19.29 3.413 6,646
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Calculated
Btuh

Rejected,
Check

(Btuh)
580,078
576,823
584,307
486,843
397,285
308,015
220,745
132,475

50,851

Notes
The application assumes a lower AC load in the post-measure #2 retrofit condition.

Load Factor
(unitiess)
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
2.00

kWh=
kWh=

Compressor
Energy Use
(kwWh)
(kWh)

227
1.502
3.465
5,022
4,954
4,443
3,390
2,753

Application
25,788 <« 24,413
29.32 < 29



Condenser Capacity

!ce Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circults
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total Circults

Bin Coincident
Temperature Wet-Bulb
(°F) 3]
113 74
108 72
103 70
98 68
93 66
88 66
83 63
78 81
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,500,000

2

3

4

10

12

18
49

Hour per bin
(hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
397.0
159.0
32.0

Btuh
circults
circuits
circuits
circuits
circuits
circuits

AC Heat
Rejection
(Btuh)
580,076
576,823
584,307
486,943
397,285
309,015
220,745
132,475
50,851

COO0OO0O0O0OO0O0OO0

Btuh Capacity
61,224
91,837
122,449

306,122

367,347

551,020
1,500,000

Refrigeration

(Btuh)
860,388
854,762
852,613
851,634
781,858
764,526
763,414
761,260
760,217
758,304
757,320
756,355
756,048
755,745
755,745
755,745
755,745
755,745

Condenser, Measure #1

Calculated
Condenser

Condenser  Load Factor,
Heat Rejection Load Factor Check

(unitiess) (unitless)

1.

_._._‘_._._._._..._._...._._._...._..
DD RO NBEWN 20000

1

N b ot ek aa
CONOMLEW-TOO0O

PRNR RN
OCOD0DO0OODCOO

Total Rejected

62985.XLS

Total Heat
Rejection
(Btuh)
1,440,484
1,431,585
1,436,920
1,338,577
1,178,140
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

17,385,942

Total Heat Total Heat
Rejection from Rejection from
the the
Appilication Application
(MBtuh) (Btuh)
1,575 1,575,000
1,566 1,666,000
1,571 1,571,000
1,472 1,472,000
1,378 1,378,000
1,287 1,287,000
1,196 1,186,000
1,103 1,103,000
1,013 1,013,000
966 966,000
964 964,000
963 963,000
962 962,000
962 962,000
962 962,000
962 962,000
962 962,000
962 962,000

20.826 20,826,000 Heat rejection differences are significant



Condenser Capacity

ice Crearn Condensing Circults
LT#1 Condenging Circuits
LT#2 Condensing Clrcuits
MT#1 Condensing Circults
MT#2 Condensing Circults

AC Condensing Clrcuits

Total Circults
8in Coincident
Temperature  Wat-Bulb
) )
113 74
108 72
103 70
98 1]
93 66
88 68
83 &3
78 81
73 59
88 56
63 53
58 S0
53 47
48 43
43 40
38 36
33 32
28 27

2,425,000
8
14
0
35
24
18
99

Hour per bin

(hours)
2.0
28.0
138.0
247.0
322.0
381.0
528.0
5§31.0
671.0
684.0
852.0
871.0
1042.0
854.0
754.0
489.0
259.0
az.o

Btuh
circuits
clreuits
circuits
circults
circults
cireults

Refrigeration  Appiication  Application  Btuh rejected D
Factor, Check for case Load Effidency, EER  Constant

Case Load
{Btuh)
103,700
103,700
103,700
103,700
103,700
103,700
103,700
103,700
103,700
103,700
103,700
103,700
103,700
103,700
103,700
103,700
103,700
103,700

Btuh Capacity
185,960
342,929

0
857.323
587,879
440,909

2,425,000

Factor
{unitless)
1.1

_._.‘._._._._._..._._._._‘_._._._.
VuwwewoRhdRRRRDB RPN S

Calculated

{unitiess)
1.

JEP N
PrPRPBDLDLOLDDWL LS

Equivalent

{Btuh)
103,700
103,700
103,700
103,700
103,700
103,700
103.700
103,700
103.700
103,700
103,700
103.700
103,700
103,700
103,700
103,700
103.700
103,700

lce Cream, Measure #2

Compressor
C Ci lon Btuh rej
due to work
(Btu/Watt-hr) (Btu/Watt-hr) (Btuh)
5.08 3.413 69,671
5.08 3.413 688.671
5.10 3.413 69,388
5.25 3.413 67.415
5.2% 3.413 87,415
5.25 3.413 67,415
5.78 3.413 61,233
5.78 3.413 61,233
5.78 3.413 61,233
5.89 3.413 60,080
6.28 3.413 56,358
6.28 3.413 §8.358
8.50 3.413 54,450
7.40 3.413 47.828
7.21 3.413 49,089
7.21 3.413 49,089
7.21 3.413 45,089
7.21 3.413 49,089

61068.XLS

Calculated
Btuh Rejected,
Check
{Btuh)
173,371
173,371
173,008
171,115
152,913
152,913
148,400
148,400
148.400
147,565
144,841
144,841
143,449
138.615
139,635
139,535
139,535
139,535

Load Factor
{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

kWhs=
kWh=

Compressor
Energy Use
{kWh)
(kwh)
41
572
2.826
4,878
4,643
5,484
6,889
8.055
8,788
8,79
10,270
10,489
12,135
8,738
7.917
5,134
2,719
913

108,202
20.41

Application
108,153
20.4



Evaluation Compressor Savings

Ice Cream Condensing Circuits
LT#1 Condensing Clrcuits
LT#2 Condensing Clrcults
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits

Total

Pre-Retrofit
Demand
4.92
8.92
15.61
29.20
298.18
29.32

Total Refer w/ Comprsssor

Application Compressor Savings

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Clreults
MT#1 Condensing Circuits
MT#2 Condensing Clrcuits

AC Condensing Circults

Total

Pre-Retrofit
Demand
4.90
8.90
15.580
29.20
29.20
29.00

Post-Retrofit
Demand

4.88
8.92
15.61
29.20
29.18
29.32

101.49

Post-Retrofit
Demand

4.90

8.90
15.50
29.20
29.20
29.00

Measure #2 Summary of Findings

Dark Green font is an estimate because this level of detail was missing from the application.

Applicaton Condenser Analysis

Condenser Fan Use

Evaluation Condenser Analysis
Condenser Fan Use

Pre-Retrofit
Demand
16.00

Pre-
Condenser
Rejection
(Btuh)
17,395,942

Final Results for Measure #2
Source

Demand Impact Energy impact,

Evaluation 0.04 30,865
Application 0.00 29,764

Post-Retrofit
Demand

16.00

Post-

Condenser
Rejection

(Btuh)

17,185,288

Measure # Measure #
Demand Pre-Retrofit  Post-Retrofit Energy
Savings Energy Enerqy Savings
0.04 28,763 22.738 6.026
0.00 49,768 46,070 3,698
0.00 81,899 75,813 6,085
0.00 152,793 148,099 4,695
0.00 146,149 140,918 5,229
0.00 25,788 18.546 7.241
0.04 kW 32,975 kwh
548,749
Measure # Measure #
Demand Pre-Retrofit  Post-Retrofit Energy
Savings Energy Energy Savings
0.00 28,272 22,738 5,838
0.00 49,002 42,933 6,069
0.00 81,950 77,227 4,723
0.00 152,780 148,073 4,707
08.00 148,177 140,914 5,263
0.00 24,413 13,472 10,941
0.00 KW 37,239  kWh
Difference in
Pre- Post- Condenser
Measure # Measure # Condenser Condenser Heat
Demand Pre-Retrofit  Post-Retrofit Energy Rejection Rajection Rejection
Savings Energy Energy  Savings (kWh) (Btuh) {Btuh) (Btuh)
0.00 127,026 134,501 -7.475 20,826.000 20.080,000 746,000
0.00669826 7.9681E-07
Measure
Energy
Difference in  Savings per
Condenser Condenser
Heat Heat
Rejection Rejection
(Btuh) (kWh/Btuh) Post-Energy Post Demand
210,653 -2,111 115,111 13.6934568

62985.XLS

Measurs
Energy
Savings per
Condensert
Heat
Rejection
(kWh/Btuh)
-0.01



Condenser Capacity

ice Cream Condensing Circults
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Clrcuits
MT#2 Condensing Clrcuits

AC Condensing Circuits
Total Circuits
Bin Coincident
Toemperature  Wet-Buld
*F P
113 74
108 72
103 70
98 68
93 86
88 66
83 63
78 81
73 59
68 56
63 53
58 50
53 47
48 43
43 40
38 38
a3 32
28 27

1,784,000

Hour per bin
(hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
985.0
1100.0
1098.0
802.0
881.0
397.0
1598.0
32.0

Btuh
circuits
circults
clreuits
circuits
circults
circults

Retrigeration
Case Load
(Btuh)
63,400
63,400
63,400
83,400
83,400
83,400
83,400
63,400
63,400
83,400
63,400
63,400
63,400
83,400
83,400
63,400
63,400
63,400

Ice Cream, Measure #2

Btuh Capacity
110,250
154,350
44,100
88,200
861,500
705,600
1,764,000
Calculated Equivalent Compressor
App Ap Biuh rej Comp i Btuh rej
Factor Factor, Check for case Load Efficiency, EER  Constant due to work
(unitiess) {(unitioss) {Btuh) (Btu/Watt-hr) (Btu/Watt-hr) {Btuh)
1.2 8.2 63,400 §.08 3.413 42,595
1.2 8.3 63,400 5.13 3.413 42,180
1.2 8.3 83.400 §.25 3.413 41,218
1.2 6.4 63,400 5.36 3.413 40.370
1.2 7.3 63,400 5.68 3.413 38,098
1.2 7.3 63,400 5.78 3.413 37,437
1.2 7.4 63,400 6.21 3.413 34,844
1.2 7.5 83,400 6.50 3.413 33,290
1.2 75 63,400 6.50 3.413 33,290
1.2 7.7 83.400 8.87 3.413 31,497
1.2 7.7 63,400 8.94 3.413 31,179
1.2 7.7 63,400 6.94 3.413 31,179
1.2 7.7 83.400 6.94 3.413 31,179
1.2 7.7 83,400 6.94 3.413 31.17¢8
1.2 7.7 63,400 6.94 3.413 31,178
1.2 7.7 63,400 8.94 3.413 31,179
1.2 7.7 63,400 8.94 3.413 31,178
1.2 7.7 83,400 6.94 3.413 31,178

63621.XLS

Calculated
Btuh Rejected,
Check
(Btuh)
106,985
105.580
104,818
103.770
91,210
80,728
88,836
87,702
87,702
86,393
88,161
86,161
86,181
88,161
88,161
88,181
86,161
86.161

Load Factor
{unitiess)
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)
12
98
640
1,881
2,339
2,815
3,406
4,137
5,034
5,416
6,435
7,336
7.322
6,015
4,542
2,848
1,060
213

61,450
12.48

Application
61,447
12.5



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Clrcults
LT#2 Condensing Circuits
MT#1 Condensing Clrcults
MT#2 Condensing Circuits

AC Condensing Clrcuits
Total Circuits
Bin Coincident
Temperature  Wet-Bulb
°F) A
113 74
108 72
103 70
o8 [:1:]
93 (-1}
88 66
83 63
78 81
73 59
[-3:] 56
63 53
58 §0
53 47
48 43
43 40
38 38
a3 32
28 27

1,764,000

5

7

2

4

30

32

80

Hour pet bin Ga:ol.oad

(hours)
1.0
8.0
53.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
397.0
159.0
32.0

LT#1, Moasure #2

Btuh Btuh Capacity

circuits 110,280
circuits 154,350
cireults 44,100
clrcuits 88,200
circuits 861,500
eircults 705,800

1,764,000

Calculated Equivalent Compressor
f ppll pp Btuh rejected  Comp: C ' Btuh rej
Factor Factor, Check for case Load Efficiency, EER  Constant due to work

(Btuh) {unitiess) {unitless) (Btuh) {Btunwatt-hr) (Btu/Watt-hr) (Btuh)
86,900 1.2 1.2 86,900 6.70 3.413 44,267
86,9500 1.2 1.2 86,800 8.90 3.413 42,984
86,900 1.2 1.2 86,900 7.20 3.413 41,193
86,900 1.2 1.2 86.800 7.30 3.413 40,629
86,800 1.2 1.4 86,900 7.60 3.413 39,025
86,900 1.2 1.4 86,900 7.70 3.413 38,518
88,900 1.2 1.4 88,800 8.00 3.413 37,074
86,900 1.2 1.4 86,900 8.50 3.413 34,883
86,900 1.2 1.4 86,900 8.40 3.413 35,308
86,800 1.2 1.4 86,800 8.70 3.413 34,091
86,900 1.2 1.4 86,900 8.70 3.413 34,091
86,900 1.2 1.4 86,000 8.70 3.413 34,081
86,800 1.2 14 86,900 8.70 3.413 34,091
86,900 1.2 1.4 86.900 8.70 3.413 34,091
86,900 1.2 1.4 86,800 8.70 3.413 34,091
86,900 1.2 1.4 86,900 8.70 3.413 34,091
88,900 1.2 1.4 86,900 8.70 3.413 34,091
86,800 1.2 1.4 86,900 8.70 3.413 34,081

63621 XL S

Caleulated
Buh Rejected,
Check
{Btuh)
131,187
120,884
128,093
127,529
114,217
113,863
112,852
111,325
111,616
110.784
110,764
110,764
110,764
110,764
110,764
110,764
110,764
110,764

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)
13
101
840
1.883
2,297
2,876
2,475
4,158
5,120
5,822
8,747
7,681
7,677
6.307
4,762
2,776
1,112
224

§3.488
12,87

Application
66,143
13



Condenser Capacity

ice Cream Condensing Circults
LT#1 Condensing Circutts
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circuits
Total Circuits
Bin Caoincident
Temperature Wet-Buld
(°F) °F)
113 74
108 72
103 70
98 1]
93 68
88 68
83 63
78 81
73 59
68 58
63 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,764,000

Hour per bin

(hours)
1.0
8.0

§3.0
159.0
287.0
364.0
457.0
581.0
707.0
804.0
965.0
1100.0
1088.0
802.0
681.0
397.0
159.0
32.0

Btuh
circults
clreults
clreuits
circults
circuits
circuits

(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

Btuh Capaclty
110,250
154,350
44,100
88,200
861,500
705,800

1,764,000

Factor
(unitleas)
1.0
1.0
1.0

Calculated Equivalent
Refrigeration  Application  Application  Btuh rejected
Case Load

{unitfess)
1.0

4 h b b ek a o
NRRPRNDRPRNRPODRNDPNDO DO

(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

LT#2, Measure #2

Compressor
Factor, Check for case Load Efficiency, EER  Constant
(Btu/Watt-hr) (Btu/Watt-hr)

5.90
8.20
6.20
6.20
6.30
6.50
8.50
6.60
6.80
£.90
7.00
7.20
7.50
7.80
8.40
8.40
8.40
8.40

3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413

83621.XLS

Compressor
Conversion  Btuh rejected
due to work

{Btuh)
15,792
15,028
15,028
15,028
14,790
14,335
14,335
14,117
13,702
13.504
13,311
12,941
12,423
11,948
11,082
11,082
11,092
11,092

Calculated
Btuh Rejected,

Check
(Btuh)
43,092
42,328
42,328
42,328
38,098
37,764
37,764
37.606
37.303
37,168
ar.017
38,747
36,369
36,020
35,387
35,387
35,397
35,397

Load Factor
(unitiass)
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)
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
4.683

<

Application
24,563
4.6



Condenser Capacity

ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Clrcuits
MT#1 Condensing Circuits
MT#2 Condensing Clreults

AC Condensing Clrcuits
Total Circuits
Bin Coincidant
Temperature Wet-Bulb
°F) (°F)
113 74
108 72
103 70
L] 68
93 66
a8 68
83 63
78 61
73 59
68 56
83 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,764,000
5
7
2
a
30
32
80

Hour per bin
(hours)
1.0
8.0
53.0
158.0
287.0
384.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
802.0
€81.0
397.0
159.0
32.0

Btuh
circuits
circults
clrcults
circults
clreuits
clreuits

Refrigeration
Case L.oad
(Btuh)
97,800
97,600
97,600
97,800
97,600
97.600
97,600
97,800
97,800
97,600
97.800
97,600
97,600
97.600
97,600
97,800
97,800
97,600

MT#1, Measuro #2

Btuh Capacity
110,250
154,350
44,100
88,200
881,500
705,600
1,784,000
Calcuiated Equivalent Compressor
Applt Applicatl Btuh rejected Comp Conversion  Btuh rejected
Factor Factor, Check for case Load Efficlency, EER  Constant due to work
{unitiess) {unitiess) (Btuh) {Btu/Watt-hr) (Btu/Watt-hr) (Btuh)
1.2 0.7 97,600 9.39 3.413 358,475
1.2 0.7 97,800 9.54 3.413 34,917
1.2 0.7 97,600 9.92 3.413 33,580
1.2 0.7 97,600 12,114 3.413 32,048
1.2 0.7 97.600 10.88 3.413 30,617
1.2 0.7 97,800 11.07 3.413 30,091
1.2 0.7 97.600 11.78 3.412 28,328
1.2 0.8 97,800 12.38 3.413 26,907
1.2 0.8 97,600 12.23 3.413 27,237
1.2 0.8 97.600 13.00 3.413 25,624
1.2 0.8 97,600 13.00 3.413 25,624
1.2 0.8 97,600 13.00 3.413 25,624
1.2 0.8 97,600 13.00 3.413 25,624
1.2 08 97,800 13.00 3.413 25.624
1.2 0.8 97,800 13.00 3.413 25,624
1.2 0.8 97,600 13.00 3.413 25,624
1.2 0.8 97.600 13.00 3.413 25,824
1.2 0.8 97,800 13.00 3.413 25,624

63621.XLS

Calculated
Btuh Rejected,
Check
(Btuh)
133,075
132,817
131,180
130,548
119,950
119,567
118,278
117,242
117,483
116,305
116,305
116,305
116,305
116,305
116,308
116,305
116,308
116,305

Load Factor
(unitiess)
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
Q.73
0.73
0.73
0.73

kWh=
kWh=

Compressor
Energy Use
(kWh)
(kWh)
10
82
521
1,535
1.878
2,343
2,789
3,344
4,119
4.406
5,289
5,029
6,018
4,944
3,782
2,178
871
1756

50,242
10.38

v

Application
26,084
5.6



Condenser Capacity

Iice Cream Condansing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits
MT#2 Condensing Circuits

AC Condensing Circults
Total Clrcults
Bin Colncident
Temperature  Wet-Bulb
°F (°F)
13 74
108 72
103 70
28 68
93 86
88 88
83 83
78 61
73 59
88 56
63 53
58 50
53 47
48 43
43 40
38 38
33 32
28 27

1,784,000
S
7
2
4
30
32
80

Hour per bin
(hours)
1.0
8.0
53.0
158.0
287.0
364.0
457.0
581.0
707.0
804.0
9865.0
1100.0
1008.0
902.0
681.0
397.0
156.0
32.0

Btuh
clrcuits
circuits
tircuits
circuits
circults
clrcuits

Refrigeration
Case Load
(8tuh)
454,700
454,700
454,700
454,700
454,700
454,700
454,700
454,700
454,700
454,700
454,700
454,700
454,700
454,700
454,700
454,700
454,700
454,700

Btuh Capacity
110,250
164,350
44,100
88,200
661,500
705,800

1,764,000

MT#2, Measure #2

Calculated Equivalent Compressor

Application  Appiication  Btuh rejected  Comp Conversi Btuh rejected

Factor Factor, Check for case Load Efficency, EER  Constant due to work
{unitiess) {unitiess) {Btuh) (Btu/Watt-hr) (Btu/Watt-hr) (Btuh)
1.3 1.1 454,700 10.89 3.413 142,508
1.3 454,700 11.33 3.413 136,972
1.3 1.4 454,700 11.62 3.413 133,583
1.3 1.1 454,700 11.91 3.413 130,302
1.3 1.2 454,700 12.34 3.413 125,761
1.3 1.2 454,700 12.62 3.413 123,953
1.3 1.2 454,700 13.22 3.413 117,380
1.3 1.2 454,700 14,09 3.413 110,141
1.3 1.2 454,700 14.09 3.413 110,141
1.3 1.2 454,700 14.09 3.413 110,141
1.3 1.2 454,700 14.08 3.413 110,141
1.3 1.2 454,700 14.09 3.413 110,141
1.3 1.2 454,700 14.09 3.413 110,141
1.3 1.2 454,700 14,09 3.413 110,141
1.3 1.2 454,700 14.08 3.413 110,141
1.3 1.2 454,700 14.09 3.413 110,14y
1.3 1.2 454,700 14.09 3.413 110,141
1.3 1.2 454,700 14.09 3.413 110,141

83821.XLS

Caleulated

Btuh Rejected,

Check
(Btuh)
597.206
591,672
588,253
585,002
546,506
545,186
540,394
535,103
535,103
535,103
535,103
535,103
535,103
535,103
535,103
535,103
535,103
538,103

Load Factor
(unittess)
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=
kWha=

Compressor
Energy Use
(kwh)
(kwWh)
42
321
2,074
6,070
7.720
9,850
11.474
13,687
16,855
18,841
22,733
25,914
25,867
21,249
16,043
9,352
3,748
754

212,203
41.75

Application
212,478
41.8



Condenser Capacity

lce Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Condensing Circuits

MT#2 Condensing Circults
AC Condensing Circuits
Total Circuits
Bin Coincident
Temperature Wet-Bulb
43 A
113 74
108 72
103 70
98 68
93 66
88 66
83 83
78 61
73 59
88 56
83 53
58 50
53 47
48 43
43 40
38 36
33 32
28 27

1,764,000
5

Hour per bin
(hours)
1.0
8.0
53.0
159.0
287.0
3684.0
457.0
581.0
707.0
804.0
965.0
1100.0
1098.0
902.0
681.0
397.0
159.0
32.0

Btuh
circuits
circuits
circuits
circuits
circuits
circuits

AC Load
(tons)
40.00
40,00
40.63
34.38
23.13
21.88
15.63

9.38
3.13

Btuh Capacity
110.250
154.350
44,100
88,200
661,500
705.600

1,764,000

AC Load
(Btuh)
480,000
480,000
487,580
412,560
277,560
262,560
187,560
112,560
37,560

Equivalent

Btuh rejected Compressor

for AC
(Btuh)
480,000
480,000
487,560
412,560
277,560
282,560
187,560
112,560
37.560

AC, Measure #2

Conversion  Btuh rejected

Efficiency, EER  Constant
(Btu/Watt-hr) {Btu/Watt-hr)

18.33
19,27
21.03
23.68
27.46
35.086
40.12
40.12
23.66

3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413
3.413

63621.XLS

Compressor

due 10 work
{Btuh)
89,375
85,015
79.127
59,513
34,498
25,560
15,956
9,575
5,418

{Btuh)
569,375
565,015
556,887
472,073
312,058
288,120
203,516
122,135

42,978

Load Factor
(unitless)
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

kWha
kWh=

Compressor
Energy Use
{kWh)
(kWh)
26
198
1,229
2,772
2,901
2,726
2,136
1,630
1,122

14,742
26.19

Application
13,055
25



Condenser Capacity

Ice Cream Condensing Circuits
LT#1 Condensing Circuits
LT#2 Condensing Circuits
MT#1 Conden