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EVALUATION OF
PACIFIC GAS & ELECTRIC COMPANY’S
PRE-1998 COMMERCIAL ENERGY EFFICIENCY INCENTIVES PROGRAM CARRY-OVER
FOR HVAC TECHNOLOGIES

PG&EF Study ID number: 404B

Purpose of Study

This study was conducted in compliance with the requirements specified in
“Protocols and Procedures for the Verification of Costs, Benefits, and Shareholders
Earnings from Demand-Side Management Programs” (Protocols), as adopted by
California Public Utilities Commission Decision 93-05-063, revised March 1998,
pursuant to Decisions 94-05-063, 94-10-059, 94-12-021, 95-12-054, 96-12-079 and 98-
03-063.

This study evaluated the gross and net energy savings from HVAC energy efficiency
technologies for which rebates were paid in 1998 by Pacific Gas & Electric
Company’s Commercial Energy Efficiency Incentive (CEEI) Programs. These
retrofits were performed under CEEI programs offered from 1994 through 1997.
Retrofits were performed under three different PG&E programs: the Retrofit
Express (RE), Retrofit Efficiency Options (REO), and Advanced Performance
Options (APO) Programs.

Methodology

For this evaluation, there were two types of primary data collected: telephone
survey data and on-site audit data. An integrated sample design was implemented
for the lighting and HVAC end uses, due to the number of participant crossover
among these end uses. There were a total of 137 HVAC sites, 99 standard and 38
custom, that received a rebate from PG&E in 1998. A complete census was
conducted and 81 sample points were collected. A non-participant sample was
developed based upon the business type and usage strata distribution that resulted
from the participant sample allocation. The HVAC end-use included 81 HVAC
participant and 589 nonparticipant telephone surveys and 64 on-site audits.

An integrated evaluation approach employed engineering, billing regression and
net-to-gross (NTG) analyses. Engineering and statistically adjusted engineering
(SAE) estimates were used to develop per participant gross energy, demand, and
therm impacts for specified time-of-use costing periods. The engineering analysis
combined information from telephone surveys with detailed on-site audit data to
develop unadjusted engineering impacts. A billing regression analysis was
employed to model the differences in customers’ energy usage between pre- and



post-installation periods. The model was specified using actual customer billing
data and independent variables that explain changes in customers’ energy usage
including engineering estimates of unadjusted savings.

Three separate models were implemented to estimate the components of the NTG
ratio (free-ridership and spillover): a model based on self-reports, a net billing
analysis model applying a double inverse Mills ratio (estimating free-ridership
only), and a two-stage discrete choice model. The final NTG ratios applied to the ex
post gross impacts are based on the results of the self-report model. Discrete choice
results were only obtained for the CAC technology segment due to the small
available sample, and the results were not supported by either the Mills ratio or the
self report result. To be conservative and consistent, the self-report estimates of
NTG were applied to all of the HVAC technology segments.

Study Results

The results of the analyses for the HVAC technologies are summarized below:

Gross Net
Realization Net-To-Gross Realization
Gross Savings Rate 1-FR Spillover NTG Ratio Net Savings Rate
EX ANTE
kW 3,159 - 0.652 0.100 0.752 2,376
kWh 20,671,794 - 0.651 0.100 0.751 15,525,132
Therms 575,787 - 0.650 0.100 0.750 431,840
EX POST
kW 3,538 1.120 0.728 0.140 0.868 3,071 1.293
kWh 13,659,972 0.661 0.729 0.140 0.869 11,865,436 0.764
Therms 489,681 0.850 0.762 0.140 0.902 441,701 1.023

Regulatory Waivers and Filing Variances

The CADMAC approved a waiver on May 20, 1999, that allows the use of self -
report based algorithms to estimate free ridership and spillover effects in the event
discrete choice and LIRM models fail to produce statistically reliable results.

There were no E-Table variances.
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1. EXECUTIVE SUMMARY

This section presents a summary of the impact results for Heating, Ventilating, and Air-
Conditioning (HVAC) technologies offered under Pacific Gas & Electric Company’s (PG&E’s)
Pre-1998 Commercial Energy Efficiency Incentive (CEEI) Program Carry-Over, referred to in
this report as the HVAC Program. This evaluation covers HVAC technology retrofits that were
rebated during 1998, under CEEI programs offered from 1994 through 1997. These retrofits
were performed under three different PG&E programs: the Retrofit Express (RE), the Retrofit
Efficiency Options (REO), and the Advanced Performance Options (APO) Programs. The
results are presented in two sections: Evaluation Results Summary (covering the numerical
results of the study) and Major Findings.

1.1 EVALUATION RESULTS SUMMARY

The evaluation results are summarized in terms of energy savings (kWh), demand savings
(kW), therms impacts, and realization rates. Realization rates are defined as the ratio of the
evaluation results (ex post) to the program design estimates (ex ante). All of these results are
presented on a gross and net basis (i.e., before and after accounting for customer actions outside
the program). Exhibit 1-1 presents the gross energy, demand and therm savings results (ex post
and ex ante), together with each applicable gross realization rate. The net-to-gross ratio is
comprised of free ridership, and participant and nonparticipant spillover effects.

Exhibit 1-1
Summary of Gross Evaluation Results
for Commercial HVAC Applications

Gross Net
Realization Net-To-Gross Realization
Gross Savings Rate 1-FR Spillover NTG Ratio  Net Savings Rate
EX ANTE
kW 3,159 - 0.652 0.100 0.752 2,376 -
kWh 20,671,794 - 0.651 0.100 0.751 15,525,132 -
Therms 575,787 - 0.650 0.100 0.750 431,840 -
EX POST
kW 3,538 1.120 0.728 0.140 0.868 3,07 1.293
kWh 13,659,972 0.661 0.729 0.140 0.869 11,865,436 0.764
Therms 489,681 0.850 0.762 0.140 0.902 441,701 1.023

Overall, net ex post energy and therm impacts are relatively similar to ex ante estimates, while
ex post net demand impacts are somewhat higher. Ex post and ex ante therm impacts are fairly
consistent overall. Ex post gross energy impact estimates are measurably lower than ex ante,
however the higher ex post NTG adjustment results in a net realization rate that is consistent
with ex ante estimates. Ex post gross demand estimates are 12 percent higher than ex ante,
which is exaggerated to 29 percent by the larger ex post NTG.

Quantum Consulting, Inc. 1-1 Executive Sumnuary
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The ex ante numbers presented above in Exhibit 1-1 were obtained from PG&E’s Marketing
Decision Support System (MDSS), PG&E's program participant database. The values presented
are identical to those filed in Table E-3 of the Technical Appendix of the Annual Summary
Report on Demand Side Management Programs.

These ex post results illustrate the following key points about the gross and net commercial
HVAC impacts:

Program Accomplishments: Nearly 87 percent of program energy savings are from HVAC
technologies installed through the APO program. Almost all of the program therm savings are
from HVAC technologies installed through the APO program, although a small therm savings
was also generated in the REO program.

Gross Impacts: Overall ex post gross impacts were 34 percent less than the ex ante estimates
for energy, and 12 percent higher for demand. The lower energy estimates were attributable
primarily to lower ex post impacts for the Water Chillers and other Custom measures within
the APO and REO programs. The ex post estimates for these measures are based upon
calibrated engineering results and the SAE results. The engineering analyses included a careful
review of the original application calculations, an on-site audit to supplement the application
information. In general, the differences between ex post impacts and ex ante estimates are due
to improved information contributing to the ex post estimates or updated calculation methods.
The SAE adjustment was 0.76 for these measures, contributing to the relatively low gross
impact calculations relative to ex ante.

Net Impacts: The net ex post impacts are lower than net ex ante estimates by 24 percent for
energy, 2 percent for therms, and are 29 percent higher for demand. These results are driven by
the ex ante and ex post net-to-gross (NTG) ratios. The ex ante NTG ratio was 0.75 for both
demand and energy, while the ex post NTG ratio applied was much larger: 0.87 for energy and
demand, and 090 for therms. These larger estimates measurably increase the net program
effects.

1.2 MAJOR FINDINGS

The key findings are summarized as follows:

¢ Overall, PG&E's ex ante estimates for demand and therm impacts for commercial HVAC
technologies paid under the pre-1998 program carry-over were conservative, resulting in
net realization rates exceeding one. At the same time, ex ante estimates of energy impacts
were somewhat aggressive, and have a resulting net realization rate well below one.

* Gross ex post energy impacts were measurably lower than the ex ante estimates. This was
attributable to engineering analyses of Water Chiller and other Customized APO and REO
installations that found lower gross energy impacts. In addition, impacts were further
reduced for these measures because the billing analysis detected less savings than predicted
by engineering estimates.

» Larger NTG ratios resulted in larger ex post net realization rates relative to gross. For
energy and therm impacts, this brought the net realization rates closer to one. For demand
impacts, higher gross ex post values were exaggerated by the NTG adjustments, resulting in
a net realization rate well above one.

‘ Quantum Consulting, Inc. 1-2 Executive Summary
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2 INTRODUCTION

This report summarizes the impact evaluation of Pacific Gas & Electric Company’s (PG&E’s)
Pre-1998 Commercial Energy Efficiency Incentive (CEEI) Program Carry-Over for HVAC
technologies (the HVAC Evaluation). These technologies are covered by three separate
program options, the Retrofit Express (RE) Program, the Retrofit Efficiency Options (REO)
Program, and the Advanced Performance Options (APO) Program.

The evaluation effort includes customers who were paid rebates in 1998, but participated under
the 1994-1997 CEEI programs. The APO program comprised only 29 paid applications, but
constituted approximately 86% of the total energy impacts. The REO, APO, and RE programs
are summarized below.

2.1 PROGRAM DESCRIPTIONS
2.1.1 The Retrofit Efficiency Options Program

The REO program included nine HVAC technologies, that can be summarized into five general
technology groups, described below:

Technology

Variable frequency drive supply fans

Installation of high efficiency water chillers

Variable air volume supply systems, which replace constant air volume supply systems
Evaporative cooling towers

High efficiency gas boilers

The REO program targeted commercial, industrial, agricultural, and multi-family market
segments most likely to benefit from these selected measures. Customers were required to
submit calculations for the projected first-year energy savings along with their application prior
to installation of the high efficiency equipment. PG&E representatives worked with customers
to identify cost-effective improvements, with special emphasis on operational and maintenance
measures at the customers’ facilities. Marketing efforts were coordinated amongst PG&E's
divisions, emphasizing local planning areas with high marginal electric costs to maximum the
program’s benefits.

2.1.2 The Advanced Performance Options Program
The APO program included all HVAC technologies that were not covered under other PG&E

rebate programs. Typically, APO projects included, but were not limited to, one or more of the
following technologies:

Quantum Consulting, Inc. 2-1 Introduction




Technology

Energy Management Systems

Installation of high efficiency water chillers

Variable air volume supply systems, which replace constant air volume supply systems
Evaporative cooling towers

Heat Exchangers

The APO program targeted commercial, industrial, and agricultural market segments most
likely to benefit from these unique projects. Customers were required to submit calculations for
the projected first-year energy savings along with their application prior to installation of the
high efficiency equipment. PG&E representatives worked with customers to identify cost-
effective improvements that required a customized evaluation approach, as opposed to a
prescriptive approach.

2.1.3 The Retrofit Express Program

The RE program offered fixed rebates to customers who installed specific electric energy-
efficient equipment. The program covered the most common energy saving measures and
spans lighting, air conditioning, refrigeration, motors, and food service. Customers were
required to submit proof of purchase with these applications in order to receive rebates. The
program was marketed to small- and medium-sized commercial, industrial, and agricultural
(CIA) customers. The maximum rebate amount, including all measure types, was $300,000 per
account. No minimum amount was required to qualify for a rebate.

HVAC end-use rebates were offered in the program for the following technologies:

Technology

High-efficiency central air-conditioning units in various capacity ranges
Variable speed drive HVAC fans

High-efficiency package terminal air-conditioning units

Programmable thermostats, bypass timers, and electronic timeclocks
Reflective window film

Water chillers of various capacity ranges

Direct evaporative cooler units, evaporative condensers, and evaporative cooler towers

Quantum Consulting, Inc. 2-2 Introduction




2.2

EVALUATION OVERVIEW

The impact evaluation described in this report covers all HVAC technologies installed at
commercial accounts, as determined by the Marketing Decision Support System (MDSS) sector
code, that were included under the RE, REO, and APO programs, and for which rebates were
paid during calendar year 1998.

The impact evaluation results in both gross and net impacts, and compares these estimates to
the program ex ante estimates.

2.2.1

Objectives

The research objectives are as follows:

Determine first-year gross energy, demand, and therm impacts by business type and
technology group for RE, REO and APO HVAC technologies paid in 1998, as required
by the California Public Utilities Commission (CPUC) Protocols.

Determine first-year net energy, demand, and therm impacts by business type and
technology group for RE, REO and APO HVAC technologies paid in 1998, as required
by the CPUC Protocols.

Compare evaluation results (ex post) with PG&E’s (ex ante) estimates, and investigate
and explain any discrepancies between the two.

Assess free-ridership and spillover rates, and investigate and explain differences
between ex post and ex ante estimates.

Create an impact sample subset of participants for future retention monitoring as
required by the CPUC Protocols.

Complete tables 6 and 7 of the Protocols.

Results are segmented by technology and building type. Technologies are defined by measures
offered by the RE, REO and APO programs. Building types for the commercial market sector,

as defined by PG&E, are:
Office Health Care
Retail Hotel /Motel
College and University Warehouse
Schools Personal Service
Grocery Community Service
Restaurant Miscellaneous

Quantum Consulting, Inc. 2-3 Introduction



While gross impacts account for program participant actions, net impacts account for customer
participation choices and the effect that the HVAC Program’s infrastructure has had on the
HVAC retrofit market. For example, adjustments were made to the gross savings estimates to
account for customers that would have installed energy-efficient measures in the absence of the
program (free-riders). The adjustment also included participant and nonparticipant spillover
rates, defined as energy-efficient measures installed outside the program and as a result of the
presence of the program.

The evaluation investigated and, where possible, explained differences between ex ante
estimates and ex post results.

2.2.2 Timing

The 1998 HVAC Evaluation began in May 1999, completed the planning stage in May 1999,
executed data collection between May and October 1999, and completed the analysis and
reporting phase in February 2000.

2.2.2 Role of Protocols

This evaluation was conducted under the rules specified in the “Protocols and Procedures for
the Verification of Cost, Benefits, and Shareholder Earnings from Demand Side Management
Programs” (the Protocols).! The Protocols control most aspects of the evaluation. They specify
the minimum sample sizes, the required precision, data collection techniques, certain minimum
analysis approaches, and formats for documenting and reporting results to-the CPUC. This
evaluation has endeavored to meet all Protocol requirements.

2.3  EVALUATION APPROACH - AN OVERVIEW

This overview of the integrated evaluation approach begins by presenting the data sources
used for the HVAC Evaluation. An overview of how the engineering and statistically adjusted
engineering (SAE) estimates are used together to derive gross energy, demand and therm
impacts follows. The final section discusses how the net-to-gross estimates are used to derive
net program impacts.

2.3.1 Data Sources

The HVAC Evaluation used data supplied by PG&E to develop a sample design plan. This
plan was used to specify sample points from which additional evaluation data were collected.

Existing Data

All available data supplied by PG&E were used in the analysis of the HVAC Program. Of
particular importance were PG&E's historical billing data, program participant data from the

1 California Public Utilities Commission Decision 93-05-063, Revised March 1998, Pursuant to Decisions 94-05-
063, 94-10-059, 94-12-021, 95-12-054, 96-12-079, and 98-03-063.
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Marketing Decision Support System (MDSS), paper copies of REO and APO applications, and
other program-related data. Each of the existing data sources is described briefly below.

Program Participant Tracking System - The participant tracking system data, maintained in the
PG&E MDSS, contains program, project, and technical information about measure installation.
It also provides expected impact estimates based upon the ex ante engineering algorithms. This
information was used to create sample designs for data collection and to leverage calibrated
impact estimates from the telephone sample to the entire participant population.

Program Marketing Data - PG&E program marketing data contain detailed descriptions of
program marketing and application procedures, together with details on the measures offered.
This data source also provides a general description of measures accepted by the program.

PG&E Billing Data - The PG&E nonresidential billing database contains monthly energy-
consumption information for all commercial customers in PG&E's service territory. It also
contains demographic data for all customers, and the on-peak and off-peak monthly energy
usage for customers who receive services on demand or time-of-use (TOU) rates. This
information is used to calibrate the engineering estimates to actual pre- and post-installation
energy usage.

PG&E 1997 Customer Energy Efficiency Programs Advice Filing? - This report documents the ex
ante earnings claims, including specific information on the derivation of per-unit ex ante
savings estimates and the assumptions that go into those estimates. This documentation often
includes assumptions such as operating hours, operating factors, baseline SEER and EER
estimates, and other program related calculations. This document supplies the best information
available on ex ante estimates and assumptions, thus facilitating knowledge-based comparisons
to ex post estimates derived in this study. The 1997 version was used rather than the 1998
version because the evaluation is for carry-over participants.

Industry Standards/Information - In order to establish baseline levels and new equipment
performance levels, industry standards information from organizations such as the American
Society of Heating, Refrigeration and Air-conditioning Engineers (ASHRAE) and American
National Standards Institute (ANSI) was used, together with information from manufacturers.
For all applicable measures, Title 24 standards were used to define baseline efficiencies.

Copies of REO and APO Paper Application Files - QC requested and received complete copies of
application files for all REO and APO participants. The REO applications provided additional
information not found in the MDSS, predominantly on attachment equipment invoices (such as
horsepower, and SEER ratings). The APO files provided detailed information on how the
application estimate was computed. For premises recruited for on-site audits, these
applications provided the QC engineer with enough information to determine what additional
information was needed to be collected. The remaining (not visited) APO files had enough
information in the documentation to support an engineering review of the impact calculations.
A thorough assessment of each APO application was conducted, and unadjusted engineering
estimates of impact and savings were calculated for each APO participant.

2 PG&E 1997 Customer Energy Efficiency Programs Advice Letter No. 1978-G/1608-E, filed October 1996.
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1996 Commercial HVAC Results - End-use monitored data collected on adjustable speed drives
(ASDs) for the 1996 Commercial HVAC Evaluation were utilized in the estimate of unadjusted

engineering estimates for ASDs.

1997 End-Use Logger Results - A total of 30 sites with central air conditioners (CAC) were
loggered. Within that population, specific business types (offices, retail businesses and schools)
were identified as segments that could significantly contribute to a calibrated engineering
model. A total of 30 sites were recruited and loggers installed for a period of 3 months. This
data was used in the engineering analysis for the CAC technology segment ex post energy and
demand impact and savings calculations.

Primary Data Collected

Based on an assessment of existing data, program evaluation requirements were established for
additional data to be collected. The two primary areas of data collection included On-Site
Audits and Telephone Survey data. A brief description of each follows:

On-Site Audits - A total of 64 customer sites were visited by a QC engineer to gather site-specific
data used in support of the engineering analyses, as well as to create the retention panels to be
used in subsequent evaluations. The on-site visit included a customer interview and an
equipment/facilities audit. Only data required for this PG&E study was collected. This sample
contributes equipment details that are site-specific, and better estimates of operating hours,
operating factors, equipment efficiency, missed opportunities, and other technical factors that
are difficult to collect over the telephone.

Telephone Survey Data - A significantly larger telephone survey sample was collected. A total of
76 participant, 589 nonparticipant, and 4,333 canvass surveys were completed to gather
customer profiles used in all of the analyses. The participant survey was designed to gather
information on the rebated installations, other changes at the facilities (during the analysis
period), and factors that influenced program participation. The nonparticipant survey was
similar to the participant survey, and served as a control group in the SAE analysis. The
canvass survey was used in support of the net-to-gross analysis.

2.3.2 Analysis Elements

This sub-section describes the general approach used to estimate both the gross and net
demand and energy impacts for the Commercial HVAC Evaluation. The application and
program design data are used to create a data collection plan, which in turn guides the
evaluation data collection efforts. The sample design, engineering analysis, billing analysis,
and net-to-gross analysis are all described in greater detail in Section 3, Methodology.

The analysis approach illustrated in Exhibit 2-1 consists of three primary analysis components:
the engineering analysis, the billing analysis, and the net-to-gross analysis. This integrated
approach reduces a complicated problem into manageable components, while incorporating
the comparative advantages of each method. This approach describes per-unit net impacts as:
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Net Impact = (Operating Impact) * (Operating Factor) * (SAE Coefficient) * (Net-to-Gross)
Where,

Operating impact is defined as the load impact coincident with a specific hour, given that the
equipment is operating. The engineering analysis will simulate equipment performance
independent of premise size and customer behavioral factors to obtain operating impacts.

Operating factor is defined as the fraction of premises with equipment operating during the
analysis period. This term reflects the equipment’s operating schedule, and will be estimated at
a high level of precision using metered data in conjunction with on-site audit and telephone
survey results.

Exhibit 2-1
Overall Impact Analysis Approach
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The Statistically Adjusted Engineering (SAE) Coefficient will be estimated for those cases in
which an engineering model estimate is not used as the final result. This term is defined as the
percentage of savings estimate that is detected, or realized, in the statistical analysis of actual
changes in energy usage. The SAE coefficient is applied to an impact estimate based upon the
program baseline, equipment purchased under the program, and typical weather.

The Net-to-Gross (NTG) Ratio adjusts the program baseline derived from estimates of free
ridership and spillover associated with the program.

Quantum Consulting, Inc. 2-7 Introduction




Engineering Analysis

Gross energy estimates were developed using two distinct analysis steps. First, engineering
estimates were developed for each participant. Second, these estimates were adjusted using
billing data-derived SAE coefficients.

Gross, unadjusted engineering impacts were developed for each retrofit measure. Gross
impacts were developed for CAC technologies using calibrated DOE-2.1E simulations. These
simulations were carried out for Office, School, and Retail business types; and then leveraged to
additional business types using telephone survey data and MDSS information. A similar
methodology was developed for Adjustable Speed Drive (ASD) technologies using End-Use
Metered (EUM) data. Ideally, estimates for all business types and measures would be generated
based on calibrated models (either DOE-2.1E or EUM), given sufficient resources (and sample
sizes). In this evaluation, the optimal solution was to leverage the models for business types with
sufficient participation to all other business types, and then adjust the results with the SAE
analysis. The engineering methods used are described in greater detail in Section 3.2.

Site-specific engineering impact estimates were generated for 25 selected premises. The results
of these analyses are provided in Attachment 1, Custom HVAC Analysis. Included in the
attachments are, for each facility visited, an on-site summary and resulting impact estimate.
The detailed engineering calculations to determine impact and savings are also provided.

For all other measures, such as Reflective Window Film and Evaporative Coolers, the
algorithms used to generate the ex ante estimates were extensively reviewed and modified to
include new and more accurate information. A complete evaluation of these algorithms and
the associated adjusted algorithms are included in Attachment 2, HVAC Algorithm Review. These
modified algorithms were then applied to the MDSS participants to produce site-specific
estimates of impact and savings.

Gross demand estimates are based solely upon unadjusted hourly engineering estimates.
Whenever possible, engineering demand estimates were developed using EUM or site survey
data in conjunction with the methods used for the gross energy estimates.

Like gross demand estimates, therm estimates are not adjusted using SAE coefficients. For each
TOU costing period, therm estimates were aggregated using methods similar to energy estimates.

Billing Analysis

Statistical analysis was then used to determine the fraction of the unadjusted engineering
estimates actually observed or “realized” in customer billing data. The per-unit engineering
energy impacts, combined with the units installed, form the input to the billing regression
analysis, or SAE analysis. In the SAE analysis, the engineering estimates are compared to
billing data using regression analyses, in order to adjust for behavioral factors of occupants and
other unaccounted for effects. The outputs of the analysis are SAE-adjusted estimates of gross
and net program energy savings.
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Net-to-Gross Analysis

The NTG analysis is designed to adjust gross program impacts for free ridership and actions
taken by PG&E customers outside the HVAC Program. Self-reported data were initially used
to estimate the percentage of free-riders in the program; that is, the number of participants who
would have undertaken the energy efficiency action promoted by the program in the absence of
the program. In addition, self-reported data are used to calculate the percent of participant and
nonparticipant spillover attributable to the program.

A more sophisticated estimate of NTG for selected high-participation measures was developed
through the application of discrete choice analysis. The discrete choice model estimates the
probability that a customer will purchase a particular energy efficient HVAC measure, both
with and without the incentive program in place. The results of the discrete choice model are
estimates of free-ridership and spillover, independent of those found through the self-report
method. Because the discrete choice model requires a sufficient sample size of nonparticipant
adoptions, only CAC technologies were modeled. The remaining estimates of net were based
on the self-report model. Also, the California DSM Measurement Advisory Committee
(CADMAC) approved a waiver that allows the use of self -report based algorithms to estimate
free-ridership and spillover effects in the event discrete choice and LIRM models fail to produce
statistically reliable results. (The approved waiver is presented in Attachment 5.)

Application of the final NTG adjustments, by technology, yields total net program impacts.

Section 3, Methodology describes in explicit detail, each step taken to achieve the final net results,
| beginning with the sample design, followed by the engineering and SAE analyses, and ending
with the Net-to-Gross findings.

2.4  REPORT LAYOUT

This report presents the results of the HVAC Evaluation. It is divided into four sections, plus
attachments and appendices. Sections 1 and 2 are the Executive Summary and the Introduction.
Section 3 presents the Methodology of the evaluation. Section 4 presents the detailed results and a
discussion of important findings. Attachment 1 is a collection custom site write-ups on each site
reviewed and/or audited by QC engineers. Attachment 2 is the results of the engineering
algorithm review of standard (RE) HVAC measures. Attachment 3 is the results tables for the
gross ex ante, net ex ante, and unadjusted engineering impacts, as well as the SAE coefficients,
gross ex post, NTG adjustments, net ex post, and gross and net realization rates. The
attachment also contains gross demand and energy savings by costing period for commercial
indoor HVAC measures. Attachment 4 contains the Protocol Tables 6 and 7 for the HVAC end
use. Attachment 5 contains a waiver accepted by the ORA for the Pre-1998 CEEI Program Carry-
Over evaluation. The Survey Appendices provide the survey and on-site data collection
instruments, and the survey call dispositions, frequencies, and refusal comments.
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3. METHODOLOGY

This section provides the specifics surrounding the methods used to conduct the Pre-1998
Pacific Gas & Electric Company (PG&E) Commercial Energy Efficiency Incentives (CEEI)
Program Carry-Over Evaluation for HVAC Technologies (the HVAC Evaluation). This section
begins with a detailed discussion on the sampling plan for the HVAC Evaluation. From there,
details regarding the Engineering Analysis (Section 3.2), the Billing Analysis (Section 3.3), and
the Net-to-Gross Analysis (Section 3.4) are discussed.

3.1 SAMPLE DESIGN

This section presents the sample design for the HVAC Evaluation. Due to the limited number
of available sample, a census of the population was used for the telephone survey. First, the
overall sample design approach is discussed, followed by the resulting sample allocation. The
section concludes with a discussion of the California Public Utilities Commission (CPUC)
Evaluation and Measurement Protocols (the Protocols) requirements.

3.1.1 Existing Data Sources

The participant tracking system for the Retrofit Express (RE), Retrofit Efficiency Options (REO),
and Advanced Performance Options (APO) Programs are maintained as part of PG&E'’s
Marketing Decision Support System (MDSS). Henceforth, the RE program components
(excluding Chillers and including ASDs) are referred to as simply Retrofit, with the remaining
program components referred to as Custom. The MDSS contains program application, rebate,
and technical information regarding installed measures, including measure description,
quantities, rebate amount, and ex ante demand, energy, and therm savings 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 Custom programs, participation was tracked at both an application and
measure level. 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
designated 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.

The billing series requested in support of the HVAC Evaluation cover a period from January
1993 to September 1999. 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.

3.1.2 Sample Design Overview

Program participants who were paid a rebate in 1998 were in most part carry-over applicants.
Their projects were initiated prior to 1997 but they only applied or received a rebate in 1998
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when their projects reached the final implementation stage. There were a total of 137 HVAC
sites, 99 standards and 38 customs, that received a rebate from PG&E in 1998. A complete
census of the population was needed to meet the goals of the telephone survey.

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.

¢ Maximize available 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, while not compromising the overall
accuracy of the evaluation.

3.1.3 Sample Segmentation

Evaluation of the HVAC Program at the participant segment level allows more precise, and
insightful, analyses than those undertaken at the aggregate PG&E system level. The sample
segmentation consists of two primary components: participant segmentation and technology
segmentation. As will become apparent, 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
recorded in the MDSS. There are a total of 12 business types used to segment a customer. A
total of 13 technology groups were defined (see definition following Exhibit 3-1) to classify
measures. Exhibit 3-1 presents the distribution of unique customer sites across the business
type and technology group segmentation.
Exhibit 3-1
1998 Commercial HVAC Segmentation and Distribution of Unique Sites

Business Type “
2 — 4] w
g TR
sl _|2l&|S|2]13]512
el—1®lTlsl2lEi=]151S])E .
AR AR A R G
£l 2lsl€lelz|S8las]s5|2|§]2
Technology oleldlaglolelFlais|L[S]5]Tou
HVAC End Use Unique Sites 541 51817 1) 71382 ]11]18] 3] 137
HVAC Central A/C 191 41151015 5 1 o5 })1]3 59
Adjustable Speed Drives 7{olofololofofjofofrl2io0] 10
Package Terminal A/C 2J]o0fojr|o]r]Jo]leloflofo| O] 10
Set-Back Thermostat s]13]jojp1|Jo]Jr{ojojof{1]e]n1 18
Reflective Window Film 12{o01jo0fo}r|{3{o]l2]12{0] 22
Water Chillers g|1]o01211j0]JoOo|l2j0j0(1]3])]o0] 17
Customized EMS 1 o(1]1]0l010] 1 ocofofl2to0to 5
Customized Controls 410l]ojojojofrjojojojo]|o 5
Convert To VAV 1 1J]olofjfojofjfojojojofjo]o 2
Other Customized Equip 1jol]3lotojo]lo|l1|f0o]o}o]oO 5
Cooling Towers 0] 0} 1 0] o0 1 010710 1 0 4
High Efficiency Gas Boilers ofofojojotojoltojoflrjofo 1
Other HVAC Technologies rfojojJojt1rjo]Jojojofo]11jo 3
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Annual energy consumption values were used to group customers into four usage/size strata
based upon a Dalenius-Hodges! stratification procedure. The comparison group customers are
then selected to mirror the underlying distribution of the participant target population by size
and business type.

3.1.4 Technology Segmentation

Program measures are classified into technology groups through combining measures 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 HVAC end use,
those specific measures that are expected to have similar energy saving characteristics. For
example, all Central Air Conditioning (CAC) retrofit measures are grouped together under a
single CAC Technology Group. 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 finest level of segmentation, is the actual measure offered by the PG&E program.

The technology segmentation presented in Exhibit 3-1 above shows the level of segmentation
that was performed for this evaluation. (Please note that in Exhibit 3-1, sites may contain more
than one technology; therefore, the total row is less than or equal to column sum.) While the
engineering analysis was conducted at the finest level of segmentation (the measure level), the
statistical billing analysis was conducted at a much coarser level (the technology group), or in
some cases, at an even higher level of aggregation.

3.1.5 Sample Allocation

For the HVAC Evaluation, there were two types of primary data collected: telephone survey
data and on-site audit data. These data sources formed the basis for the various analyses
conducted as part of this evaluation (e.g., billing analysis, free-rider analysis, and spillover
analysis). The sample design for each of these primary data sources was developed to meet
each of the analysis objectives. The following sections describe these objectives and sampling
strategies for each of the primary data sources collected.

Participant Telephone Sample

The telephone sample was designed to be used for the engineering, billing and net-to-gross
analyses. With an available sample frame of 137 unique HVAC sites, a census of all eligible
participants was taken for the telephone survey. This is Protocol compliant.

1 Cochran, W.G Sampling Techniques, Third Edition, John Wiley & Sons, 1997. pp. 127-134.
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Participant Standard On-Site Samples

The on-site audits was designed to collect detailed information regarding installed HVAC
technologies under the Program. The on-site audit data was used to validate the telephone
survey data for information such as operating hours and factors to be used in the engineering
analysis. The on-site samples were drawn for only certain technologies which contributed the
majority of the gross impacts and avoided costs. For this evaluation, the sample design focused
on Central Air Conditioners (5160) and Set-Back Thermostat (518) technologies.

Exhibit 3-2 summarizes the standard on-site sample allocation for the HVAC end use. A total
of 21 standard on-site audits were collected. The on-site audits were grouped into analysis
segments of similar climate conditions. Grouping sites into segments allowed analysis to yield
more significant results.

Exhibit 3-2
Proposed Standard Measure HVAC On-Sites
In Support of DOE-2 Model Development

Number of

Climate  Avaliable Standard

Business Type Zone Sites On-Sites
Office 2,3,4 25 1
Office 11,12,13 11 5
Retail : 11,12,13 3 2
School 11,12,13 12 3
TOTAL 51 21

Participant Custom On-Site Samples

The custom on-site sample consists of technologies with unique operating characteristics and
technologies with complex installations under PG&E’s custom programs. Custom HVAC
measures were installed in only 38 sites. Therefore, a census of these customers was attempted
during on-site recruitment with the goal of completing 25. The Custom measures are
distributed across the 38 sites as illustrated below in Exhibit 3-3.
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Exhibit 3-3 :
Available Custom Measure Sample Frame

Number of
Program Technology Group Avaliable Sites
Retrofit Express Water Chillers 1
Retrofit Express Options Water Chillers 2
Cooling Towers 4
High Efficiency Gas Boilers 1
Advanced Perfarmance Options Water Chillers 11
Customized EMS 5
Customized Controls 5
Convert to VAV 2
Other Customized Equipment 5
Other HVAC Technologies 2
TOTAL 38

Comparison (nonparticipant) Sample

The primary objective of the nonparticipant telephone sample is to provide a control group for
the net and gross billing analyses. The final comparison group sample frame consists of 192,689
commercial customers drawn from an eligible population of over 400,000. Since comparison
group surveys were conducted only for customers in the commercial sector, the first step in
creating the sample frame is to limit eligibility to only those accounts having SIC codes
representing commercial business activities. In addition to the aforementioned criteria, the
following screening rules were also used:

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

Quality of usage readings: Customers are required to have annual non-missing, non-zero
usage values for 1997, 1998 and 1999. Customers with zero, orlmissing billing data, were
removed from the sample.

In drawing the sample frame, targets are established for each business type and usage segment,
so that the nonparticipant distribution, by business type and usage segment, is the same as that
of the 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 allows for survey data collection in accordance with the sample design. The final sample
design includes 48 segments classified by size according to energy usage.

Exhibit 3-4 below illustrates the 48 segments by business type and size, the available
nonparticipant sample, the calculated quota (based on the participant population), and the
desired sample size to draw. Gray cells indicate nonparticipant segments where the available
population to quota ratio is low. The desired nonparticipant quota was 500 points, but the
quota was targeted at approximately 600 points with the assumption that for certain segments,
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such as the “Very Large” segment, the quota would not be filled. The final sample allocation
was randomly selected within each customer segment.

Exhibit 3-4
Nonparticipant Survey Quotas
Telephone Survey Sample
Small Medium Large Very Large

Business Type Quota Avail. N Business Type Quola Avail. N Business Type Quota Avail. N Business Type Quota Avail. N
Office 43 20253 860 |Office 37 1,416 740 [Office 45 775 jguc}{ofice 39 148 W80
Retail 30 19,857 600 [Retail 30 1,403 600 [Retail 1 508 220 |Retail L] 38 8()
Col/Univ 0 449 0 |ColfUniv 2 49 40 [Col/Univ 2 33 Col/Univ 10 25
School 18 1,807 360 }School 16 768 320 |School 20 200 J4 School 3 7
Grocery n 6,228 225 |Grocery 7 916 150 |Grocery 1 506 225 |Grocery 2 19
JRestavrant 5 11,169 109 |Restaurant 14 1,794 273 JRestaurant 11 85 2 Restaurant 1 0 20
Health CareHosp 1t 7,668 210 [Health Care/Hosp 3 467 60 [Health CareMosp 6 187 0¥ Health Care/Hosp 8 58
Hotel/Motel 16 1,753 320 [Hotel/Motel 2 363 40 [Hotel/Motel 12 125 40 ]| Hotel/Motel 6 30
Warehouse 15 6,708 300 |Warehouse 8 483 150 |Warehouse 8 212 150 |Warehouse 1 17
Personal Service 15 12,984 300 [Personal Service 15 306 300 |Personal Service 0 121 0 |Personal Service 4 12
Community Service 38 15,092 760 {Community Service " 787 220 JCommunity Service 7 321 140 |Community Service 6 48 [gL20,
Misc. Commercial 25 1,719 500 [Misc. Commercial 3 692 67 JMisc. Commercial 2 380 33 [Misc. Commercial 2 95 40

SUB-TOTAL 227 115,687 4,544 SUB-TOTAL 148 9,444 2,959 SUB-TOTAL 145 3,453 2,897 SUB-TOTAL 86 497 1,720

GRAND TOTAL 606 129,081 12,120

*Gray cells indicate nonparticipant segments where the available population to quota ratio is low.

The canvass sample included 50,000 randomly drawn customers within PG&E’s service
territory. It’s primary function was to support the net-to-gross analysis by identifying
nonparticipants who have installed program qualifying measures outside of the rebate
programs. The sample design focused on identifying only nonparticipants who were not
rebated in 1998. From a sample of 50,000 customers, the sample quota was targeted for 4,000
total completes with about 500 of the 4,000 having made lighting or HVAC changes.

3.1.6 Final Sample Distribution

The sample design outlined above 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 may cover more than one control number.

The final sample distribution for the telephone, on-site, and end-use metering are summarized
in Exhibit 3-5 by end-use element.

Telephone Survey Sample - Telephone surveys were collected for a total of 855 customers, 266
of which were participants, with the remaining 589 in the comparison group. Among the 266
participants, 76 were HVAC participants. In addition, another 4,333 customers were contacted
as part of the canvass survey. Because of the overlap among HVAC and Lighting participants,
a single instrument was used to conduct both telephone surveys.
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Exhibit 3-5
Data Collected by Program and End Use

Data Collected Data Used in HVAC Analysis

Program  End Use P’:‘Jﬁ::::’n Tes‘z‘::‘:y"e On-Site Audits Te;ﬁf:‘:y"e On-Site Audits
Custom Lighting - - - . -

HVAC 38 5 26 5 26
Retrofit Lighting 428 190 158 190 -

HVAC 137 76 38 76 38
Total Lighting 428 190 158 190 -

HVAC 175 81 64 76 64
Total Participants 547 255 220 255 64
Total Nonparticipants 396,870 589 - 589 -
Total Sites 397,417 844 220 844 64

On-site Audit Sample - Within the Custom program, a census of HVAC participants was
attempted for recruitment, with a total of 26 on-site audits completed. An additional 38
Standard measure on-sites were completed amongst sites that installed HVAC technologies. In
all, a total of 64 HVAC on-site surveys were conducted.

3.1.7 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 was calculated using the following procedure. First, the 1997 annual energy
consumption was computed for all participants in the analysis dataset.

Next, four strata were constructed based on a customers’ annual usage using the Delanius-
Hodges procedure. Then, the program level mean and standard error were calculated using
classic stratified sample techniques?. Finally, the relative precision at a 90 percent confidence
level was calculated as a two-tailed test. The very large customers (with annual energy usage
greater than 3,000,000 kWh) were excluded from these calculations because of the significant
influence they have over the relative precision estimate, and because these customers were
excluded from the SAE analysis. '

By survey, the following relative precision was achieved:

e For nonparticipants, the relative precision is 5.0 percent based upon a survey sample of
5343,

2 Ibid. pp. 91-95

3 The nonparticipant sample size, 534, is the total sample of 589 less 55 very large customers.

Quantum Consulting Inc. 3-7 Methodology




» For HVAC, the relative precision is 7.2 percent based upon a survey sample of 60%.

Exhibit 3-6 presents the stratum-level sample size, sample weight, sample mean, and estimated
standard errors for each end use evaluated.

Exhibit 3-6
Telephone Sample Relative Precision Levels

Nonparticipants
|
| . Standard Relati
Weight Sample  Mean STD ar ¢ a. |'ve
Error  Precision
| 90.5% 238 41,641 40,421 2,617 103%
| 6.9% 150 314,202 111,989 9,041 4.7%
| 2.5% 146 1,228,131 618,554 49,644 6.6%
TOTAL 534 90,424 2,751 5.0%
Large Customers
Population = 710 55 6,027,677 3,454,642 429,739 11.7%
HVAC Participants
Relati
Weight Sample Mean STD Standard - Re a.tl.ve
Error Precision
48.6% 28 88,709 62,755 5,710 10.6%
21.6% 14 298,073 61,304 6,827 3.8%
29.7% 18 1,541,461 773,853 82,909 8.8%
TOTAL 60 565,876 24,848 7.2%
Large Customers
Population = 26 16 8,130,176 5,102,548 490,630 9.9%

3.1.8 Demonstration of Protocol Compliance

Sampling Procedures Adopted

The sample design follows the rules established by the CPUC in the March 1998 revisions to the
“Protocols and Procedures for the Verification of Costs, Benefits, and Shareholder Earnings
from Demand Side Management Programs.”

4 The HVAC participant sample size, 60, is the total sample of 76 less 16 very large customers.
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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 (ie.,
random or stratified random sample). This sample is therefore representative of the
population, excluding only program participants during the evaluation year.

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.

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
350 contributing points in the analysis dataset. However, if a program has fewer than 450
participants then a census of the participants must be taken. The analysis dataset was derived
from a census of the participant population.

As illustrated in Exhibit 3-6, the sample collected for the HVAC end use achieved a relative
precision of at least 6 percent at a 90 percent confidence level. This is 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. This requirement is met, with a pre- and post-installation period of 1 year used in
the statistical billing analysis.

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 nonparticipant sample frame was drawn using the participant
population by business type and usage segment.
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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.
Exhibit 3-6 illustrates a relative precision of at least 7 percent at a 90 percent confidence interval,
well below the 10 percent allowable.

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 1993 to
September 1999, which ensures an adequate pre- and post-installation billing period for
customers who installed applicable measures between 1996 and 1999.

3.2 ENGINEERING ANALYSIS

The technical approach and engineering results that support realized gross impacts in the 1998
Evaluation of Pacific Gas and Electric Company (PG&E) Commercial HVAC Technologies
(HVAC Evaluation) are presented in this section. This section will provide detailed
intermediate results that either verify or contradict the methods used to generate program
design demand and energy impact estimates in the Marketing Decision Support System
(MDSS). Results are presented to ensure that future program design and evaluation activities
will benefit from the engineering parameters generated during the 1998 evaluation.

Additional documentation for the custom on-site analyses is found in Attachment 1. The bin
weather analyses and supporting ASHRAE documentation that contributed to the RE and REO
“standard” measure algorithm review can be found in Attachment 2.

This section is structured as follows:
e First, an overview of the engineering approach is presented.

¢ Then, details surrounding the development of impacts for central air conditioners and
adjustable speed drives for fans are discussed.

¢ The methods used and the engineering estimates developed for REO and APO program
participants or participants who installed “custom>” measures are then presented.

¢ Finally, an overview of the methods used and the engineering estimates developed for
other RE and REO measures are summarized.

3.2.1 Overview of the Engineering Approach

The HVAC Evaluation consisted of the analysis of three separate PG&E programs, Retrofit
Express (RE), Retrofit Efficiency Options (REO), and Advanced Performance Options (APO).
Where measures offered in different programs are similar (such as water chillers and adjustable
speed drives), identical analysis methods were applied across all programs.

5 Refer to Section 3.1, Sample Design for a discussion of “custom” vs. “standard” measures.
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Listed below are each measure type studied and an overview of the evaluation done for each:

Central Air-Conditioners - Estimates of energy use were derived using the DOE-2.1E building
energy simulation model, calibrated to logger data (see Section 3.2.2).

Adjustable Speed Drives (ASDs) for HVAC Fans - This measure was offered in all three of
PG&E’s primary programs. A calibrated engineering model was used to develop estimates
based on End-Use Metering (EUM) data (see Section 3.2.3).

“Custom” Measures - The analysis method used data gathered from on-site audits, along with
ex ante calculations, to develop engineering estimates (see Section 3.2.4). Measures that were
included in this category included the following: Water Chillers (RE, REO, and APO), Convert
to VAV, Cooling Towers, Customized EMS, and other customized technologies.

Other Measures - A detailed review of the algorithms used to develop ex ante impacts was
performed for the remaining RE measures (see Section 3.2.5), including Window Film, Package
Terminals, Set Back Thermostats, Time Clocks, and Evaporative Coolers.

It is noteworthy to mention that on-site audits and/or a detailed application review was
performed for every applicant who installed a “custom” measure.

3.2.2 Central Air-Conditioners (CAC)

Demand and energy estimates of savings and impact for the program measures associated with
Central Air Conditioning (CAC) were determined on a per unit basis using the DOE-2 building
energy simulation program.

The engineering analysis combines end-use logger data, and detailed on-site audit data
with information from telephone surveys to supply reliable engineering estimates of both
savings and impact. There is an important distinction between these two values. Estimates
of savings are used as inputs to a statistically adjusted engineering (SAE) regression model,
and use the pre-existing unit’s efficiency. This estimate will be larger than the impact
estimate, whose calculation is based on current Title 24 efficiencies. The impact estimate is
used for calculating ex post energy and demand.
The engineering estimates for CAC were developed as follows:

¢ Develop DOE-2 models (conducted in paid-year 1997 evaluation)

e Verify and/or update inputs with 1998 on-site data

¢ Calibrate DOE-2 models (conducted in paid-year 1997 evaluation)

e Create undiversified and diversified energy models

» Calculate CAC energy savings

e Compute energy.and demand impacts
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Paid year 1997 on-site audit data were used to develop DOE-2 models of office, school, and
retail facilities that participated in the program. The key inputs to the models were compared
to values obtained from paid year 1998 on-site audit data. Due to the limited sample size for
paid year 1998, no changes were made to the models. These models were then calibrated using
end-use logger data from 30 sites, in conjunction with California Energy Commission (CEC)
weather data adjusted for local temperaturest. The resulting hourly estimates were then
diversified and leveraged to additional building types using telephone survey data cooling
system operating schedules. Finally, the DOE-2.1E model estimates were regenerated using
long term weather (TMY) data and CEC baseline equipment efficiencies to compute program
impacts.

Develop DOE-2 Models

Audit and weather data were analyzed to determine the number of DOE-2.1E prototypes
needed to represent typical participating office, school, and retail facilities. The primary
variables reviewed were conditioned square footage, cooling degree days across climate zone,
and building size and construction characteristics.

For CAC Measures it was determined that Office participants could be represented by two
prototypes, segmented by climate zones (climate zones 1-5 versus 11-16). There was not
sufficient sample to segment School and Retail by climate zone, so both School and Retail are
represented by one prototype each.

For all prototypes, lighting density was entered using equipment holdings and lighting
schedules collected during each on-site. Lighting schedules were based on segment average
operating profiles using on-site audit data that were collected in support of both the Lighting
and HVAC Evaluations.

For the 1998 evaluation, no changes were made to the models. This is mainly due to the limited
sample size. There was not enough sample for any of the modeled business types and climate
zones to justify changes.

Key characteristics for the four prototypes are detailed in Exhibit 3-7.
Calibrate DOE-2 Models

To ensure that the modeled results were accurate and reasonable, models were calibrated to
end-use logger data for CAC technologies and current billing data. Calibration was performed
by comparing DOE-2 simulations run under weather data from different climate zones with the
respective logger data. Minimum ventilation, miscellaneous equipment watts per square foot,
and economizer control strategies were used in calibrating the model.

6 This approach is consistent with the approach used for the 1995 and 1996 HVAC Program year evaluation.
Observed dry bulb temperatures from PG&E local office weather stations were integrated along with addition
weather parameters from WYEC climate zone data.
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Billing data were then used to verify the accuracy of the calibration across climate zones. This
was accomplished by comparing the annual estimates of HVAC and lighting usage to annual
billing data for the sites that contributed to each prototype.

Exhibit 3-7
Key Characteristics for DOE-2.1E Prototypes

Variable Office03 CAC Office13 CAC Retail CAC School CAC
Conditioned Area (Sq Ft) 41,263 5,291 4,478 8,953
Slab Floor Area (Sq Ft) 7,749 4,565 4,063 7,737
Gross Wall Area (Sq Ft) 19,841 2,610 2,972 5,305
Frame Wall Area 41% 58% 34% 83%
Block Wall Area 59% 42% 66% 17%
Frame Insulation R-3 R-9 R-7 R-4
Block Insulation R-1 R-2 R-1 R-2
Roof Area (Sq Ft) 9,045 4,692 4,364 8,895
Roof Insulation R-7 R-11 R-14 R-19
Ceiling Height (Ft) 9 9 1 13
Window Type Single Shaded Single Shaded Single Clear Single Clear
Cooling Capacity (Btuh) 837,122 231,917 181,565 465,744
Number of Occupants 165 19 15 119
Thermostat Setpoint (°F) 71 74 75 i 73

Create Undiversified and Diversified Energy Estimates

Using the calibrated DOE-2.1E prototypes discussed above, undiversified energy usage
estimates were created by setting the HVAC system to operate 24 hours a day. Other
operational aspects of the building, such as lighting and miscellaneous equipment schedules,
were based on audit data and information calculated in the Lighting Evaluation. The calibrated
DOE-2 models were run using the adjusted CEC weather data in each climate zone. The
weather data covered October 1, 1998, through September 30, 1999, the post-retrofit period used
in the SAE model.

Undiversified CAC savings estimates (used in the SAE model) were generated using the
installed efficiencies of the retrofit equipment taken from the MDSS and estimated existing
efficiencies based on the size of the retrofit unit. The existing efficiencies used were based on
1988 Title 24 standards, downgraded to reflect a 15 year old CAC system, the assumed
equipment life for these types of systems. Impact estimates used in the calculation of ex post
gross impacts were based on Title 24 efficiencies, providing relatively smaller impact than the
savings estimates.

For CAC, the DOE-2.1E prototypes provide simulated annual energy usage, at an hourly level
for Office, School, and Retail business types in all climate zones where there was program
participation. All other business types are mapped to either the Office, School or Retail
prototypes.
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The simulated, hourly cooling and fan energy use was diversified for each business type by
hourly self-reported operating factors gathered through telephone surveys. The operating
factor is defined as the percentage of facilities reporting the availability of space conditioning
for a given hour and season. Business type specific hourly operating factors for key business
types are illustrated in Exhibit 3-8. Note that these are average, annual profiles. The School
business type underwent an additional adjustment for the summer months of June, July, and
August. For those months, the diversified load was multiplied by 27 percent, which is the
telephone survey reported peak operating factor. This additional factor reflects the large
reduction in occupancy within schools during the summer months.

The result of this step is a series of hourly loads for CACs adjusted for the occupancy and
operational patterns of participants.

Exhibit 3-8
Annual Average HVAC Operating for Key Business Types
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CAC Energy Savings

For all CAC energy usage and savings estimates, a method of calculation incorporating
Equivalent Full Load Hours (EFLH) was developed. The EFLH is defined as the total annual
cooling energy usage, divided by the connected load for the CAC unit. The diversified CAC
energy model produced an annual equivalent full load hour (EFLH) estimate for each business
type and climate zone.

Energy savings estimates for each site in the SAE sample were calculated using estimated
EFLH, total tons retrofit, post retrofit EER, and an assumed existing EER as discussed
previously. Energy savings were computed for each participant in the SAE sample using the
equation in Exhibit 3-9.

Exhibit 3-9
Equation for Estimating CAC Energy Savings

kWhmv',.zU*[EFLHj*T*12*(E;R -EERI H
1 MDSS

Where,

kWh,,, ; = Annual energy savings for participant "j" (kWh/yr.);

U = Number of units installed;

EFLH ; = Diversified Equivalent Full Load Hours for business type j;
T = Number of tons installed;

12 = Conversion of tons to kBtuh;

EER, = Existing System EER; and,

EER,,, = Post-retrofit EER.

Compute Energy and Demand Impacts

The final step in the analysis of CAC measures was the calculation of energy and demand
impacts for each participant for use in the ex-post gross impacts. The energy savings estimates
described above were based on actual adjusted weather data for dates between October 1, 1998
through September 30, 1999; that were then used as inputs to the SAE analysis. The following
steps were taken to convert the energy savings estimates to impact estimates:
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Current CEC - CEC weather data’ were used to generate the calibrated DOE-2.1E energy
estimates, instead of actual adjusted CEC weather data.

Baseline - CAC savings estimates were adjusted to reflect the difference between post-retrofit
conditions and minimum efficiencies defined by Title 24, rather than the pre-retrofit
equipment.

CAC peak demand impacts were based on an undiversified peak duty cycle calculated from the
logger data. For each loggered CAC unit, the five highest weekday duty cycles occurring
between 3 and 4 PM were selected as representing undiversified peak duty cycles. The average
of these duty cycles was calculated by business type. In order to develop Coincident Diversity
Factors (CDF), the undiversified peak duty cycles by business type were multiplied by
operating factors. The operating factors were developed by business type and climate zone,
which resulted in CDFs for each combination of business type and climate zone. Demand
impacts were computed for each participant in the MDSS using the equation in Exhibit 3-10.

Exhibit 3-10
Equation for Estimating CAC Demand Savings

KW i jx =U*| CDF; *T*12* L _ 1
o ' EER,  EER,,
Where,
kW, .« = Peak demand impact for participant I, in business type j, climate zone k;

U = Number of units installed;

CDF; = Coincident Diversity Factor for business type j, climate zone k;
T = Number of tons per installed unit;

EER, =Baseline EER; and,

EER, .. = Post-retrofit EER.

7 Approved for use with the 1992 and 1995 Energy Efficiency Standards for Residential and Nonresidential
Buildings. Referred to on magnetic media as CZxxRY2.WY2, where xx indicates the climate zone.
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3.2.3 Adjustable Speed Drives (ASDs) for Ventilation Fans

Demand and energy impacts for the Adjustable Speed Drive measures for all programs were
computed using empirical relationships drawn from observed metered data and weather data.
These estimates were normalized by motor horsepower and then leveraged to the entire
participant population.

The engineering analysis combines detailed on-site audit data with information from telephone
surveys to supply reliable engineering estimates of both savings and impact. There is an
important distinction between these two values. Estimates of savings are used as inputs to a
statistically-adjusted engineering (SAE) regression model, and use actual adjusted CEC weather
data. This estimate will be different from the impact estimate, whose calculation is based on
long term weather data. The impact estimate is used for calculating ex post energy and
demand.

The engineering estimates for ASD measures were developed as follows:
¢ Clean metered frequency and demand data
e Compute fully loaded demand for each fan
e Calculate fan savings normalized by motor HP
e Correlate frequency data with outdoor temperature or time
e Compute annual undiversified savings and impact
e Diversify savings and impact estimates with operating factors
e Compute energy and demand impacts for all participants

EUM data collected for the 1996 HVAC Evaluation were used to develop an ASD model of hourly
savings broken out by peak and off-peak usage and binned by weather temperature. These
models were then calibrated using CEC weather data adjusted for local temperatures. The
resulting hourly estimates were then diversified (to get an annual kWh estimate of savings) and
leveraged to additional building types using telephone survey data of operating factors. Finally,
ASD model estimates were regenerated using long term weather to compute program impacts.

Clean Metered Frequency and Demand Data

EUM data were collected for Office and Grocery building types. At each site, data were
collected for both interval kWh and output frequency of the ASD. After the data had been
successfully downloaded, a cleaning process was carried out to screen for unreasonable data.
Based on field logs and observations within the data, small amounts of data were censored and
omitted from the analysis. Typically, missing data were the result of meter read errors that
resulted in unrecognizable character output.
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Compute Fully Loaded Demand For Each Fan

In order to compute impacts and savings associated with the ASD installations, the demand for
each fan running at constant volume had to be estimated. Based on the well established ASD
operating curve, the fully loaded or 100 percent flow case, was computed for each observation
of operating fan data. A fan was defined as “operating” if the observed frequency at interval i
was greater than 15 Hertz (Hz). The equation shown in Exhibit 3-11 was then applied to
estimate the percentage of power drawn by the ASD during that interval.

Exhibit 3-11
Baseline Interval Demand Estimate

kW,

W =——"%" and
100,i PERkWJ.
’ Hz Hz. )
PER,, ,=0.2198 -] 0.8748* i +11.6526 %] /-
' 60 60
Where,
leoo_i = Fully loaded draw of the fan during interval i;

kW, = Observed frequency during interval i;
PER,,, ; = The percent of ASD load in operation during interval i; and

Hz, = The recorded Hz during interval i;

The fully loaded draw of the fan is the observed energy use for that interval divided by the
percent power in operation. The percent of frequency is computed as the observed frequency
divided by a base of 60 Hz. The final step is to take the mean of the fully loaded fan estimates
for each observation, and use this value as the constant volume case.

Calculate Fan Savings Normalized by Motor HP

After the mean, fully loaded demand for each fan is calculated, savings estimates are generated
by subtracting the observed demand for each hour from the computed fully loaded demand.
This difference, for each observation, is the gross savings associated with the given fan. Exhibit
3-12 below illustrates the mean weekday fully loaded demand profile for all fans in the EUM
sample, compared to the observed demand.
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Exhibit 3-12
Average Weekday Comparison of
kWus. kW,

BProjected kw100

OObserved Mean kW
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This process of calculating gross savings was carried out for all of the observed data for each of
the fans. Since few of the fans were of the same motor horsepower, the data had to be
normalized in order to average the results. This was accomplished by simply dividing the
savings estimate for each fan by the fans” motor horsepower. The resulting hourly dataset of
savings estimates was then represented as kW savings per motor horsepower.

Correlate Average Fan Savings with Outdoor Temperature or Time

In order to compute annual savings and typical year impacts, the monitored data needed to be
correlated with another parameter to project savings for the unmonitored period, and for a
typical weather year. The first step in correlating the observed fan usage with another
parameter was to assess the data for usage patterns. An initial investigation revealed that the
metered data could be divided into two categories, those that varied with time, and those that
varied with temperature. The division of these sites clearly indicated that the grocery stores
operated fans on fixed schedules, while the office sites allowed the fans to adjust throughout
the course of the day. Based on these observations, the sample was divided into two categories,
fixed operation for the grocery stores and variable operation for the office facilities. For the
grocery stores, projecting savings and impacts for other time periods was very simple, since the
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assumption was made that the per-horsepower savings were consistent over time. For the
variable case, the following process was used to project impacts.

For each of the metered sites, real-time weather data collected from various sites throughout
PG&E's service territory was merged onto the calculated normalized hourly savings estimates
by date and time. Similar to the calculation of full load, the data was then flagged as either
operating or not operating based on the observed frequency. In addition, the data were also
subdivided based on the hour of day, with daytime being defined as 8:00 AM to 7:00 PM, and
nighttime as the remaining hours.

The data were then sorted by temperature and average, per-horsepower savings estimates were
generated in 5 degree temperature bins. That is, for all observations of savings, within a given
temperature bin and time of day, the average per-horsepower savings was calculated. The
result was two curves, one for daytime and one for nighttime, of per-horsepower savings as a
function of temperature.

Compute Annual Undiversified Savings and Impact

The next step in the process was to use the savings relationships identified above, to estimate
annual savings and impacts. At this point it should be noted that the only difference between
savings estimates and impact estimates is in the weather data used in the computation. Savings
estimates, to be consistent with the billing data used in the SAE analysis, were computed using
actual weather data from October 1, 1998 through September 30, 1999. Impact estimates were
computed using the current California Energy Commission (CEC) approved long-term average
weather data. In both cases, estimates were generated by climate zone for representative
weather stations.

Using the temperature dependent savings curves developed above and both sets of weather
data, full year savings estimates were generated with the actual weather data and impact
estimates were generated using the CEC weather data. This was accomplished by simply
selecting the appropriate temperature dependent savings estimate for the given temperature
associated with the particular hour of weather data. Note that no restrictions were placed on
the savings calculations for operating conditions, meaning that the equipment is assumed to
always be available. The resulting datasets were hourly savings estimates on a per-horsepower
basis.

Diversified Savings and Impact Estimates with Operating Factors

The last step in the process, prior to computing participant specific impacts, was to diversify the
fully loaded operating savings estimates to reflect the best information available in terms of
operating hours. This was accomplished by first collapsing the full year savings estimates into
representative daytypes and then applying the survey-derived operating factor. For this study,
average daytypes were developed for weekdays, Saturdays, and Sundays/Holidays. To do
this, the savings estimates for each contributing day for a given month and daytype were
simply averaged by hour of day. After the averaging had been accomplished, the daytype
specific operating factor for each business type was applied to the average daytype savings
estimate.
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These diversified savings estimates were then summed to produce daily, total, per-horsepower
savings estimates for each month, daytype, and business type. The final step in this process
was to multiply the daily totals for each daytype by the number of days in each
month/daytype to generate monthly totals. These totals were in turn summed, to produce
monthly, per-horsepower savings estimates by business type and climate zone.

Compute Savings and Impact Estimates for All Participants

The final step in the process was to produce annual savings and impact estimates for each
participant in the MDSS. Using the savings and impact estimates generated above, final
participant-specific estimates were generated by selecting the appropriate annual savings value
by business type and climate zone, and then multiplying by the installed number of
horsepower. Savings estimates, generated with 1998-1999 weather data were used as input for
the SAE analysis, while impact estimates provided the gross engineering estimate of impact
that supported the ex post analysis.

The final step in the analysis of ASD measures is the calculation of energy and demand
impacts. The energy savings estimates described above were based on weather data for dates
between October 1, 1998, through September 30, 1999; and were used as inputs to the SAE
analysis. To convert the energy savings estimates to impact estimates, long term weather data

was used in lieu of adjusted CEC weather data. Separate estimates of kWh and kWh,,, were
calculated, and energy impacts calculated using the same equation applied in Exhibit 3-13.

Exhibit 3-13
Equation for Estimating ASD Energy Savings

kWh.\'av,i =U;* [kWhIOO,jz - kWhj:]
Where,
kWh,,,, = Annual energy impact for customer i (kWh/yr.);

U, = Total retrofit Horsepower for customer i;

kWhyy, . = Annual diversified energy use per horsepower for business type j
(kWh/yr.) and climate zone z for fans without adjustable speed drives;

kWh; = Annual diversified energy use per horsepower for business type j
(kWh/yr.) and climate zone z for fans with adjustable speed drives;

To calculate ASD peak demand, the ten hottest weekday temperatures (observed any time
between the hours of 12PM to 6PM) for each climate zone were averaged together. This
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average represents the hottest temperature at peak time (where, presumably the fan would be
operating at its maximum capacity). The savings estimate from the correct temperature bin
(which the hottest mean temperature fell into) was selected as an estimate of peak demand.
This was done for each climate zone, with the resulting estimate adjusted by the mean
operating factor of the premise’s business type, as shown in Exhibit 3-14.

Exhibit 3-14
Equation for Estimating ASD Demand Impacts

kaimp,i = OF_/ * [leOO - kW]
Where,
kW.,,,; = Peak demand impact for participant i,

OF; = Mean weekday operating factor between the hours of 12PM to 6PM for business
typej;

kW, = Estimated mean peak demand of the fan without an ASD; and,

kW = Observed mean peak demand of the fan with an ASD.

3.2.4 Custom Measures

The following RE, REO and APO technologies were considered part of the “custom” measure
segment:

Chillers;

Convert to VAV;
Cooling Towers;
Customized EMS; and,

Other Customized Equipment and HVAC Technologies.

Every application that installed a “custom” measure was requested for thorough engineering
review. Because only 38 sites installed custom measures, a census was conducted for
conducting the on-site audits, which resulted in a total of 28 site visits.
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When on-site data were available, a comparison was made between on-site data and data found
in the MDSS and on the application forms. If a discrepancy was found between the audit data
and the ex ante impacts, then one or both of the following were developed on a premise-specific
basis:

¢ Temperature bin models
e Spreadsheet-based algorithms

If a participant site did not receive an on-site audit, the application form was thoroughly
reviewed for errors in calculations. Generally, the custom applications were well documented,
and an independent estimate of both savings and impacts could be derived. In some instances,
information gathered during on-site visits was not of sufficient quality to justify a revised
estimate claim. In these cases, ex ante impact estimates were accepted as accurate.

Attachment 1 contains a summary of information regarding the development of impacts for
each custom measure participant who had an on-site visit. Details surrounding the site-specific
calculations (including the spreadsheets used to generate the QC unadjusted engineering
impacts) can also be found in Attachment 1.

3.2.5 Other RE Measures

For RE measures other than CAC, ASDs, and Water Chillers, the evaluation approach was
based on a review of the algorithms and input assumptions used to develop the ex ante
impacts. The aim of the evaluation was to either confirm or correct the methods and inputs
used in the ex ante estimates.

When applicable, the engineering algorithms used by PG&E to develop ex ante impacts for RE
measures were reviewed thoroughly (algorithms were taken from the 1997 Advice Filing8). For
each measure, the following analysis steps were performed in an algorithm review:

e Ex ante impacts were re-calculated using methods and inputs listed in the Advice Filing.

e Evaluation impacts are 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 such as ASHRAE, the CEC or ARI.

The following pages contain a written one page summary of information regarding the
development of impacts for each algorithm-based RE measure. The summary provides an
overview of the algorithm review used to develop per unit impacts which were in turn applied
to the contents of the MDSS to determine unadjusted engineering estimates of impact and
savings. Detailed information surrounding the development of the algorithms used in the
unadjusted engineering estimates (including bin analysis and per-unit comparisons of advice
filing recommendations on program evaluation) can be found in Attachment 2.

8 PG&E 1997 Customer Energy Efficiency Programs Advice Letter No. 1978-G/1608-E, filed October 1996.
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Setback Programmable Thermostats

Measure Installation of setback programmable thermostats in spaces with
Description: regular occupied and unoccupied periods.

Summary of A bin analysis method was employed to create per thermostat
Advice Filing energy and therm impacts. Demand impacts were not calculated,
Calculations: as setback thermostats do not affect peak demand.

Comments on Program review has shown that the per-unit impacts were
Advice Filing applied to each participant with the assumption that each
Calculations: thermostat controlled the conditioning of 5,000 sq ft of office

space, regardless of building size or type. These impacts were
not adjusted to account for different climate zones.

Comments on Incorrect return air values were used to determine the heating
Advice Filing and cooling loads during setback hours. Weather data was for
Inputs: San Jose, and thus only represented one climate zone.

Evaluation Process: Energy and therm impacts were developed using modified return
air values during setback hours and binned weather data from all
16 California climate zones. A conditioned square footage value
was developed for each participant using MDSS, survey, and
audit data. Climate zone-specific impacts (leveraged by square
footage) were then applied.

Additional Notes: If the ex ante assumptions for a given premise indicated only
energy impacts, then no therm impact was developed.
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Package Terminal AC Units

Measure Installation of high efficiency packaged terminal air-conditioners
Description: and heat-pumps. This measure provides an incentive to install
PTAC and PTHP units that exceed Title 20 standards.

Summary of Demand and energy impacts were developed using equivalent
Advice Filing full load hours (ELFHs), coincident demand factors (CDFs), and
| Calculations: system efficiency.

‘ Comments on Calculation methods cited in the Advice Filing do not accurately
Advice Filing model participant specific retrofits. This is due to a generalized
Calculations: assumption regarding typical efficiency and capacity upgrades.
Comments on Sufficient data are not available to verify either the CDF or the
Advice Filing EFLH values used in the calculation.

Inputs:

ELFHs do not take climate zone variation into account.

Evaluation Process: Using the change in EER for each site (based upon the MDSS), a
revised equation was used in conjunction with Advice Filing
EFLH and CDF values, to estimate per participant impacts.

Additional Notes:
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Reflective Window Film

Measure Provides an incentive for the installation of reflective window
Description: film on clear non-North facing glazing.

Summary of Cooling loads attributable to solar heat gain were calculated using
Advice Filing equation 27.41 of the ASHRAE Fundamentals Handbook
Calculations: (p-27.24). Per square foot energy and demand impacts were

estimated for applied reflective film.

Comments on Methods used to determine energy and demand impacts are
Advice Filing valid.

Calculations:

Comments on A review of the inputs from ASHRAE revealed a discrepancy
Advice Filing between the annual solar heat gains listed in ASHRAE and those
Inputs: used in Advice Filing calculations.

Evaluation Process: Energy and demand estimates were developed using the correctly
applied ASHRAE method.

Additional Notes:
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Direct Evaporative Coolers

Measure Provides an incentive for the replacement of an existing AC unit
Description: with an equally sized direct evaporative cooler system. Measure
participation is restricted to certain climate zones.

Summary of Demand and energy savings were developed on a per ton basis
Advice Filing for each climate zone using fan operating characteristics,
Calculations: temperature design conditions, and cooling degree hours.
Comments on Calculation methods cited in the Advice Filing do not accurately
Advice Filing model participant specific retrofits. In some cases, negative
Calculations: demand and energy savings are calculated.

Comments on The inputs used in the calculations do not account for variations
Advice Filing in evaporative cooler fan size.

Inputs:

Evaluation Process: Demand and energy savings were determined using climate
zone-specific cooling degree hours, fan motor horsepower and the
efficiency of the existing AC unit. Impacts were developed using
motor efficiency values listed in the baseline assumptions for the
RE Motors program.

Additional Notes:
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Bypass Timer

Measure Installation of a bypass timer to control the fans of a space which
Description: is intermittently occupied after hours when the space
conditioning system is off.

Summary of Using fan motor horsepower, assumed hours of operation and a

Advice Filing fan load/efficiency value, energy savings were developed. No

Calculations: demand savings are estimated since bypass timers do not affect
the peak demand.

Comments on The percent a fan is loaded is generally independent from

Advice Filing efficiency.

Calculations:

Comments on The fan load/efficiency wvalue is not substantiated with

Advice Filing documentation.  Assumed hours of operation are poorly

Inputs: documented.

Evaluation Process: Energy impacts were developed using fan load and motor
efficiency values listed in the baseline assumptions for RE HVAC
measures and the RE Motors program, respectively.

Additional Notes:
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Timeclocks

Measure Installation of timeclocks, which regulate HVAC usage in spaces
Description: with regular occupied and unoccupied periods.

Summary of A bin analysis method was employed to create per timeclock
Advice Filing energy impacts. Demand impacts were not calculated, as
Calculations: timeclocks do not affect peak demand.

Comments on Program review has shown that the per-unit impacts were
Advice Filing applied to each participant with the assumption that each
Calculations: timeclock controlled the conditioning of 5,000 sq ft of office space,

regardless of building size or type. These impacts were not
adjusted to account for different climate zones.

Comments on Weather data was for San Jose, and thus only represented one
Advice Filing climate zone.
Inputs:

Evaluation Process: Energy and therm impacts were developed using modified return
air values during setback hours and binned weather data from all
16 California climate zones. A conditioned square footage value
was developed for each participant using MDSS data. Climate
zone-specific impacts (leveraged by square footage) were then
applied.

Additional Notes: If the ex ante assumptions for a given premise indicated only
energy impacts, then no therm impact was developed.
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Water and Evaporative Cooled Single Package AC Unit

(135,000 Btu/hr)

Remote Condensing Unit (RCU); Air-Cooled

(135,000 Btu/hr)

Remote Condensing Unit (RCU); Water- and Evaporative- Cooled (135,000 Btu/hr)

Measure
Description:

Summary of
Advice Filing
Calculations:

Comments on
Advice Filing
Calculations:

Comments on
Advice Filing
Inputs:

Evaluation Process:

All three measures involve the replacement of an existing
standard-efficiency AC unit with a high-efficiency unit that
exceeds Title 20 specifications.

Demand and energy impacts were developed using equivalent
full load hours (ELFHs), coincident demand factors (CDFs), and
system efficiency.

Calculation methods cited in the Advice Filing do not accurately
model participant specific retrofits. This is due to a generalized
assumption regarding typical efficiency and capacity upgrades.

Baseline efficiencies are consistent with Title 20 standards.

Sufficient data are not available to verify either the CDF or the
EFLH values used in the calculation.

ELFHs do not take climate zone variation into account.

Using the change in EER for each site (based upon the MDSS), a
revised equation was used in conjunction with EFLHs (developed
as part of the evaluation of the RE Central AC measures), to
estimate per participant impacts.
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3.3 BILLING REGRESSION ANALYSIS

This section documents the detailed analytical steps undertaken in the billing regression
analysis of Pacific Gas and Electric Company’s (PG&E’s) Pre-1998 CEEI Program Carry-Over.
The section begins with a discussion of the analysis periods and data sources used in the billing
regression model. Then, the results of the data censoring that was applied to the analysis
sample are provided. Next, the gross billing analysis regression model specification and SAE
coefficients are presented, along with the relative precision calculations. Finally, the net billing
analysis regression model specification and results are presented.

3.3.1 Overview

The primary objective of the billing analysis is to determine the first-year program energy
impacts. A statistical analysis is employed to model the differences of customers’ energy usage
between pre- and post-installation periods using actual customer billing data. The model is
specified using the billing data and independent variables gathered in the telephone survey
that explain changes in customers’ energy usage, including the engineering estimates of energy
impact due to program participation. This statistically adjusted engineering (SAE) analysis is
consistent with the requirements of the Load Impact Regression Model (LIRM) defined in the
California Public Utilities Commission’s (CPUC’s) Measurement and Evaluation Protocols (the
Protocols).

The results of the billing regression analysis are estimated as ratios, termed "SAE coefficients,"
of realized impacts to the engineering impact estimates. These realized impacts represent the
fraction of engineering estimates actually “observed” or “detected” in the statistical analysis of
the billing data. The SAE coefficients estimated in the billing analysis are relative to the results
of the evaluation-based engineering estimates, not the PG&E Program ex ante estimates. This
distinction is important, as the SAE coefficients are then used to estimate gross ex post program
impacts, which in turn are used to calculate realization rates relative to the ex ante estimates.

As discussed in detail below, the billing regression analysis was conducted on a sample of
telephone surveyed participants and nonparticipants. Because many Commercial Program
participants installed measures under multiple. end uses, one integrated billing analysis
approach was used to model both the Lighting and HVAC end uses. This section of the report
presents the analysis findings for both end uses - as each was an essential input to the overall
model used.

3.3.2 Data Sources for Billing Regression Analysis

The billing regression analysis for the HVAC Evaluation uses data from five primary data
sources: PG&E’s Marketing Decision Support System (MDSS) tracking database, the billing
database, the telephone survey data, the engineering estimates of changes in usage between the
pre- and post-installation periods, and weather data from PG&E's load research weather sites. A
summary of the data elements used in the regression analysis are presented below.
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Program Participant Tracking System

The participant tracking system for the Retrofit Express (RE), Retrofit Efficiency Options (REO),
and Advanced Performance Options (APO) Programs are maintained as part of the MDSS. It
contains program applications, rebate and technical information about installed measures;
including measure descriptions, quantities installed, rebated amounts, and ex ante demand,
energy, and therm savings estimates. The MDSS database is linked to the billing database and
other program databases through PG&E’s customer specific control number.

PG&E Billing Data

The PG&E billing data used in this year’s evaluation study were obtained from two different
data requests to PG&E’s Load Data Services department. The original nonresidential billing
dataset contained prorated monthly energy usage for all nonresidential accounts in PG&E’s
service territory, and was used in the ‘sample design described in Section 3.1. The billing
histories contained in this database run from January 1993 through December 1998.

A second billing dataset was later obtained from PG&E Load Data Services for use in the SAE
analysis. This billing dataset contains bill readings that run from January 1999 through
September 1999. The resulting combined dataset represents the billing series of PG&E pro-
rated monthly usage data for each calendar month from January 1993 to September 1999.

Weather Data

The hourly dry bulb temperature collected for 25 PG&E load research weather sites was used in
the billing regression analysis to calculate total monthly cooling degree days for each month in
the analysis period. For each customer in the analysis dataset, the appropriate weather site was
linked to that customer by using the PG&E-defined weather site to PG&E local office mapping
(embedded in the account code for each customer).

Telephone Survey Data

All available telephone surveys collected as part of the evaluation for the HVAC Program
(except for the Canvass surveys, which do not collect detailed information regarding changes
that have occurred at the premise) were used as inputs to the billing regression analysis. Two
telephone survey samples totaling 844 sample points (76 of which were HVAC participants and
589 nonparticipants) were collected for the HVAC Evaluation. Because of cross-over among
participants across Commercial Program end uses, one integrated billing regression model was
developed to evaluate both the Lighting and HVAC Program end uses.

The data collected in the telephone survey supplies information on energy-related changes at
each site for the billing period covered by the billing regression analysis. For a detailed
discussion of the telephone survey and the final sample disposition, see Survey Appendices. A
discussion of the sample design can be found in Section 3.1.

Engineering Estimates

Engineering estimates of savings were estimated for each of the 76 HVAC participants.
Separate estimates of energy savings were calculated for every measure installed under a
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Commercial Program. The engineering estimates were calculated based on expected savings
from the pre-installation technology to the post-installation technology. For some technologies,
such as Central A/C’s installed in the HVAC Program, these savings estimates will differ from
the impact estimates. This is due to the impacts being calculated relative to a baseline
efficiency, compared to the savings estimates, which are based on a pre-existing unit’s
efficiency. In the example above, many CAC’s existing efficiency had a SEER rating much
lower than the program baseline estimate. Consequently, the savings estimate for energy
would be much higher. The engineering analysis (Section 3.2) discusses the calculation of the
savings estimates used in the billing analysis in greater detail.

3.3.3 Data Aggregation and Analysis Dataset Development

Because many measures installed under the Commercial Program affected multiple customer
accounts within a unique site, the billing analysis had to be performed at the site level.
Therefore, all account level data (including billing usage) had to be aggregated up to the QC
defined site identifier. In PG&E’s billing data, an array of variables are defined to track a
customer. These include the following:

¢ Control number, which is the finest level of aggregation, and is usually unique to a
customer’s meter.

e Premise number, which is used to define a unique site, but can sometimes contain
multiple buildings. The premise number may map to many control numbers, but a
control number will always map to a unique premise number.

e Corporation number, which is used to define a unique corporation, which can map to
many premise numbers. A premise number maps to a unique corporation number.

Of the three, the premise number serves as the best indicator of a unique site. However, there
are some premise numbers that contain multiple sites. To address this issue, the customer’s
service address was also used to help identify a unique site. If there was more than one service
address for a premise number, it was broken out into multiple sites. Therefore, a unique site
was defined as all of the control numbers within a unique combination of service address,’
premise number, and corporation number. A unique Site ID was created based on this
combination of address, premise, and corporation to serve as the key variable for linking data.

The billing data was provided at the control number level. To meet the needs of the analysis
team, the monthly billing data had to be aggregated to the Site ID level. One concern with
aggregating to the Site ID level is that there may be control numbers associated with a different
premise number, service address, or corporation number that are in the same physical site and
are being affected by the installed measures. If this is the case, the billing analysis will have the

9 Because of potential data entry errors in the billing system, or inconsistencies in tracking service addresses in
the billing system, only the first eight characters of the service address were used. Generally, this would contain the
numeric portion of the address and the first few characters of the street name. For the large majority of records in
the billing system, premise number and service address were unique.
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effect of underestimating the impacts. This a topic that will be discussed further in the Data
Censoring section below.

The telephone surveys were sampled at the Site ID level, and all questions were phrased to ask
about all of the control numbers associated with the Site ID.

The engineering estimates of change were also aggregated to the Site ID level. However, prior
to aggregating to the Site ID level, the installation dates for each individual measure were
analyzed to ensure that only the impacts occurring within the billing analysis periods were
being aggregated. The selection of analysis periods is discussed in the next section.

All data elements mentioned above were linked to the final analysis database by Site ID.

Exhibits 3-15 and 3-16 below provide the sample frame that was available for the billing

analysis for HVAC participants and nonparticipants. The sample sizes are provided by

business type and technology (for participants) and by business type only for nonparticipants.
The values presented are the unique number of the Site IDs within a given segment.

Exhibit 3-15
Billing Analysis Sample Frame
Pre-Censoring
HVAC End-Use Technologies

> § "
S e | 518|824
@ = ‘guf § s 3 £ g -?, g £ .
(;‘5) 8 = £ § 7 E g < ] g 9
Program and Technology Group O 2 S 9 3 - T £ 2 & S s Total

Retrofit Central A/C n 1 1 3 3 3 1 3 5 31
Express Adjustable Speed Drives 3 1 4
Package Terminal A/C 1 1 4 6

Set-Back Thermostat 1 1

Reflective Window Film 6 1 2 1 10

Water Chitlers 1 1

Other HVAC Technologies 1 1

Retrofit Express Program Total 21 1 1 4 1 4 5 5 0 4 8 0 54

REQ Adjustable Speed Drives 1 1
Water Chillers 1 ]

Cooling Towers 1 1 2

Retrofit Efiiciency Options Program Total 2 1 1 4

APO Water Chillers 5 2 7
Customized EMS [ 1 2

Customized Controls 3 ] 4

Other Customized Equip 1 2 3

Other HVAC Technologies 1 ] 2
Advanced Performance Options Program Total 10 3 3 1 1 18
Total 33 1 5 5 1 4 8 5 0 5 9 0 76
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Exhibit 3-16
Billing Analysis Sample Frame
Pre-Censoring

Nonparticipants
£ s leglz|g| )¢
Slsls| S| 2 |25 )%
gls | &8 |82 |58ty
Program and Technology Group 5 K] 8 g S g £ 2 3 S 8 s
Nonparticipant Total 147 73 6 55 32 30 37 44 32 34 63 36

3.3.4 Analysis Periods

When the billing regression analysis is used to model the change of consumption attributable to
the program measures, the first step is to isolate the pre- and post-installation periods for each
customer in the analysis database so that the impact of these measures can be verified.

In accordance with the Protocols, participants are defined by the “paid date” instead of
“installation date.” Therefore, all customers paid in 1998 actually installed measures in 1997, or

1998.
Selection of Installation Date

While the billing regression analysis is used to model the change of consumption attributable to
the program measures, the first step is to isolate the pre- and post-installation periods for each
customer in the analysis database, so that the impact of these measures can be verified. For
customers who installed these energy saving measures during the pre- or post-installation
period, their energy savings must be prorated to account for energy consumption using the
older technologies.

The project completion date variable in the MDSS is designated as the installation date. The
project completion date is populated 99 percent of the time and falls between the pre- and post-
installation inspection dates. When the project completion date is missing, the paid date and
the post-installation date are used to derive an installation date. In addition to the dates
recorded in the MDSS, the telephone survey asked every participant to estimate the installation
date. If their self-reported installation date fell between the pre- and post-installation
inspection dates (as recorded in the MDSS), the customer reported date was used.

Selection of Analysis Periods

The selection of the primary analysis period has to be defined in such a way that allows for the
inclusion of the majority of the sample with high-quality data.

Billing data were available from January 1993 through September 1998. To maximize the
number of post installation months in the regression model, a post period of October 1998
through September 1999 was used. As illustrated in Exhibit 3-17, this post period occurs after
95 percent of the installation dates.
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Based on the selection of post period, the period from October 1996 through September 1997
was used as the pre-period. Exhibit 3-17 suggests that almost every installation occurred
between January 1997 and December 1997.

For installations that occurred prior to the pre-installation period, the engineering impact is set
to zero. For installations that occurred during either the pre- or post-installation period, the
engineering impact is only aggregated over the months for which there is an impact that should
be realized.

Exhibit 3-18 provides the cumulative participation by month for the participants that are part of
the billing analysis sample frame.

3.3.5 Data Censoring

Three types of data censoring screens were applied to the billing analysis sample frame to
remove customers: those that had invalid billing data, those that may not have had their bill
properly aggregated to the Site ID level, or those that were extremely large users.

Invalid Usage

For customers to be included in the final billing analysis, customers had to have billing data
that met the following criteria:

The pre- and post-installation annual bills had to have been comprised of at least nine non-zero
monthly bills. If there were four or more monthly bills with zero energy, the customer was
removed from the analysis. If there were between one and three monthly bills with zero
energy, the remaining months were prorated to an annual estimate.

Quantum Consulting Inc. 3-36 Methodology




Exhibit 3-17
Commercial HVAC Rebated Technologies
By Estimated Installation Date

1/1/97
21/97
3/1/97
41/97
5/1/97
6/1/97
71/97
8/1/97
9/1/97
10/1/97
11/1/97
12/1/97
1/1/98
2/1/98
3/1/98
4/1/98
5/1/98
6/1/98
7/1/98
8/1/98
9/1/98
11/1/98
12/1/98

10/1/98

The pre-installation annual bill could not be more than three times or less than one-third the
post-installation bill. If this occurred, the customer was removed from the analysis.

Finally, customers were removed from the analysis if they had a measure installed under the
program that would result in an increase in usage. These individuals were identified through
customer interviews.

Exhibit 3-18 presents the number of participants and nonparticipants that were deleted for each
of the above criteria. Note that only 14 nonparticipants were deleted, whereas 28 participants
were deleted. This is due to the fact that the nonparticipants were pre-screened to have
relatively valid billing data prior to being selected into the nonparticipant survey sample frame.
The participants, however, were drawn as a census and no pre-screening was done on their
billing data prior to being selected into the participant survey sample frame. Of the 28
participants, 18 were deleted due to the zero bill criteria.

Aggregation to Site ID Level
As mentioned above, one concern with aggregating to the Site ID level is that there may be

control numbers associated with a different premise number, service address, or corporation
number that are in the same physical site and are being affected by the installed measures.
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Therefore, a comparison was made between the engineering energy impact and the aggregated
pre- and post-installation bills to identify any customers where this problem of bill aggregation
may exist. There were 15 participants that were identified as having total Commercial Sector
Program energy impacts that were greater than their pre-installation, and were dropped from
the analysis. The large majority of these customers were also found to have invalid usage.

Large Customers

Customers whose annual pre-installation energy consumption exceeded three million kWh
were excluded from the billing analysis. A total of 40 participants and 58 nonparticipants were
dropped for this reason. This decision was made a priori to collecting the survey data, as is
documented in the Evaluation Research Plan; and is based upon the results of the previous
three Lighting Evaluations, all of which were unsuccessful in obtaining reliable results when
including customers with usage above this level. This is also consistent with the
recommendations made by the Verification Reports of PG&E’s 1995 through 1997 Commercial
Lighting Evaluations, which stated in 1995 that “program effects can be difficult to detect for
large customers,” and recommended censoring large customers for the final billing analyses.

Although the decision to censor these customers was made a priori, large participants and
nonparticipants were still surveyed (as discussed above in the Section 3.1, Sample Design) in
order to meet other evaluation objectives.

Exhibit 3-18
Distribution of Customers Removed from Billing Analysis
By Data Censoring Criteria
Customers with Invalid Billing Data

Measure
ipl
Participant or  Zero Monthly Usage Tripled Caused Number
. ) or Cutby a . Removed From
Nonparticipant Bills >= 4 . Increase in .
Third Analysis
Usage

NP NO YES NO 2

NP YES NO NO 9

NP YES YES NO 3

TOTAL 14

P NO NO YES 6

P NO YES NO 4

P YES NO NO 9

P YES YES NO 9

TOTAL 28

In summary, out of the original sample frame of 589 nonparticipants, 71 were removed for bad
billing data or for being an extremely large customer. This low attrition rate can be attributed
to the fact that the nonparticipant sample was pre-screened for invalid billing data (though not
for large usage, as they may have served as a control group for the participants). Of the
original sample of 255 HVAC and lighting participants, 70 were removed because of bad
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billing, improper site aggregation, or because they were large customers. Of these 70
customers, 23 were lighting participants.

Exhibit 3-19 summarizes the total number of participants and nonparticipants that were
removed from the billing analysis. Exhibits 3-20 and 3-21 present the final sample sizes used in
the billing analysis by business type and technology for participants and by business type for
nonparticipants.

Exhibit 3-19
Distribution of Customers Removed from Billing Analysis
By Data Censoring Criteria
Customers with Billing Aggregation Problems

Measure

Participantor  Zero Monthly Usage Tripled Caused Bill Not Number
.. . or Cutby a . Large Customer Aggregated Removed From
Nonparticipant ~ Bills >= 4 Third Increase in p | Analvsi
ir roperly nalysis
Usage
NP NO NO NO NO NO 57
NP NO NO NO NO NO o
NP NO NO NO NO NO 1
NP NO NO NO NO NO 9
NP NO NO NO NO NO 3
Total Nonparticipants 71
NP NO NO NO NO NO 5
NP NO NO NO NO NO 37
NP NO NO NO NO NO 6
NP NO NO NO NO NO 3
NP NO NO NO NO NO 1
NP NO NO NO NO NO 4
NP NO NO NO - NO NO 3
NP NO NO NO NO NO 2
NP NO NO NO NO NO 2
NP NO NO NO NO NO 6
NP NO NO NO NO NO 1
Total Participants 70
Total HVAC Participants 23
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Exhibit 3-20
Billing Analysis Sample Used
Post-Censoring
HVAC End-Use Technologies

s lelzls| 8¢
3 _ >~ g S s 3 = 2
Sl |2 8|8 |g |15 |2 |€ele|E)y
[Program and Technology Group slElagls]|S5]1&8g |2 21z S S 5 || Totat
|Tzetrom Central AIC 8 1 i 2 3 2 1 3 4 25
Express Adjustable Speed Drives 2 2
Package Terminal A/C 1 1 4 6
Set-Back Thermostat 1 1
Reflective Window Film 5 1 6
Water Chillers 1 1
Other HVAC Technologies 1 1
Retrofit Express Program Total 16 1 1 3 1 3 2 5 0 3 7 0 42
[REO Adjustable Speed Drives
Water Chillers 1 1
Cooling Towers 1 1
Retrofit Efficiency Options Program Total 1 1 2
APO Water Chillers
Customized EMS
Customized Controls 2 1 3
Other Customized Equip
Other HVAC Technologies
Advanced Performance Options Program Total 2 1 3
Total 19 1 1 4 1 3 3 5 0 3 7 0 47
Exhibit 3-21
Billing Analysis Sample Used
Post-Censoring
Nonparticipants
2z - 4 “
s s | &3 g3 |e|3|E]8¢]|.y
Progr nd Technology Gro £ 3 8 5 5 ] g g S 2 ] £ Total
grama By Lroup o -2 ) A g X I I 2 o o =
Nonparticipant Total 122 71 4 51 30 30 30 37 29 29 54 31 518

3.3.6 Model Specification

The billing regression analysis for the HVAC Evaluation used two different multivariate
regression models under an integrated framework of providing unbiased and robust model
estimates in the commercial sector. The key feature of the approach is that it employs a
simultaneous equation approach to account for both the year-to-year and cross-sectional
variation in a manner that consistently and efficiently isolates program impacts.

A baseline model is initially estimated using only the comparison (nonparticipant) group
sample. This model estimates a relationship that is then used to forecast what the post-
installation-year energy consumption for participants (as a function of pre-installation year
usage) would have been in the absence of the program. In this way, baseline energy usage is
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forecasted for participants by assuming that their usage will change, on average, in the same
way that usage did for the comparison group.

The resulting SAE coefficients from the first baseline model are used to adjust the engineering
estimates of expected annual energy impacts for the entire participant population. These
impacts are presented in Section 4 and are used to compute program realization rates.

Baseline Model

The baseline model explains post-installation energy usage as a function of the pre-installation
energy usage, weather changes, and customer self-reports of factors that could affect energy
usage. In order to isolate the program impact from the energy usage changes, only the
comparison group is used to fit this model. The baseline model has the following functional form:

kWh s = 3. (B;KWh,, ) +y(ACDD,)x kWh,, + ", 1,NChg, , +&
Where,
kWh,,, . and kWh,  are nonparticipant i’s annualized energy usage for the post- and

pre- installation periods, respectively;

ACDD,; are the annual change of cooling degree days (base 62°F) between the post-
installation year and pre-installation year;

NChg,, are the nonparticipant self-reported change variables from the survey data,

including adding, replacing, or removing equipment associated with major end uses,
and changes in number of employees and in facility square footage;

P, v and n are the estimated slopes on their respective independent variables.
Separate slopes on pre-usage are estimated by business type; and,

£ is the random error term of the model.

For each customer in the analysis dataset (participants and nonparticipants), a post-installation
predicted usage value is calculated using the parameters of the baseline models estimated for
the 1997 to 1999 analysis period. They both take the same functional form with different
segment-level intercept series and slopes ( f and y):

kWh,y,, = F, (kWh

osti = Fove p,e,ACDD)=Zj(ﬂjkWh )+ y(ACDD,)* kWh

pre.i pre. i

It should be noted that the post-installation predicted usage is not a function of changes that
occurred at the premise. As was discussed in Section 3.1, Sample Design, the control group was
chosen to represent the participant sample with respect to business type and usage. It is very
unlikely that the control group could be considered a representative control group for the types
of changes that have occurred at the premise, simply because the participants are all installing
some type of equipment and only a fraction of the nonparticipants are making changes.
Furthermore, participants are installing rebated high efficiency equipment (HVAC, Lighting,
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and other) through the program, so it is unlikely that the other HVAC and Lighting equipment
changes made outside the program are similar to those made by nonparticipants. Finally, it is
likely that changes made by participants outside the program will have interaction effects with
the measures rebated. Therefore, the incremental effects of participant changes made outside
the program on energy usage will be different than those of the nonparticipants. For these

reasons, the customer self-reported change variables from the survey data ( NChg, ), were not

included in the estimate post-installation predicted usage. The SAE model discussed below did
include the participant and nonparticipant self-reported change variables to control for the
differences between actual and predicted post-installation usage.

This issue was a major point of contention during the verification study of the 1996 CEEI
Evaluation. The recommendation made by the verification study was to include the change
variables in the estimation of the post-installation predicted usage. However, the Independent
Reviewers agreed with PG&E that these change variables should not be included in the post-
installation predicted usage.

PG&E and Quantum Consulting, who has acted as PG&E's evaluation contractor for the past
four years, met with the ORA’s verification contractor, ECONorthwest, to discuss this issue in
more detail. ECONorthwest agreed that applying the nonparticipant parameters for the change
variables to the participants was not correct for the reasons described above. However,
ECONorthwest raised an additional concern regarding the lack of inclusion of nonparticipants
in the second stage SAE Model. ECONorthwest suggested the use of a switching regression10
to address their concerns with the inclusion of the nonparticipants. PG&E and Quantum
Consulting researched this approach and successfully implemented the technique in last year’s
Evaluation. The switching regression technique is again adopted for this year’s analysis

Exhibit 3-22 summarizes the final baseline model results that were estimated using 518
nonparticipant customers, as discussed in the Data Censoring section. Exhibit 3-22 summarizes
the independent variables used in the baseline model, together with the t-statistics and the
sample sizes available for each parameter estimate used to predict the post-period usage. The
final functional relation is estimated as follows:

Baseline Model (1997 to 1999):

10 For a fuller explanation of switching regressions refer to:
Green, W., “Econometric Analysis,” Macmillan Publishing Company, NY, 1990, pp. 748-750.

Maddala, G. 5., “Limited-Dependent and Qualitative Variables in Econometrics,” Cambridge University Press,
Cambridge, 1987, pp. 283-290.
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kWhggv,. =0.86* OFFICE7 +0.88* RETAIL7 +0.93* SCHOOL7 +1.02* COLLEGE7

+0.88* GROCERY7 +0.78* RESTRNT7 + 0.90* HOSP7 + 0.92* HOTMOT7
+0.80*WHRSE7 +0.86* PERSVC7 +0.86* COMMUNT7 + 0.98* MISC7

~0.000273 * CDD1_97, 4, , * kWhy, , —0.000097* CDD11_97,, o, , * kWh,,,

Exhibit 3-22
Billing Regression Analysis Final Baseline Model Outputs

Parameter Descriptions Varli:::::y:same Units P:sr::::::r t-Statistic  Sample Size
Pre-Usage
Office OFFICE7 kwWh 0.864184 31.75 122
Retail RETAIL7 kWh 0.875604 2599 71
School SCHOOL?7 kwh 0.927060 27N 51
College COLLEGE?7 kWh 1.015876 1436 4
| Grocery GROCERY? kwh 0.884046 25.38 30
i Restaurant RESTRNT?7 kWh 0.782524 21.42 30
| Hospital HOSP7 kWh 0.903020 25.84 30
; Hotel/Motel HOTMOT?7 kWh 0.917125 30.48 37
| Warehouse WHRSE? kwWh 0.789896 20.74 29
‘ Personal Service PERSVC? kWh 0.855987 11.40 29
| Comm. Servcie COMMUN? kwh 0.858758 17.41 54
i Miscellaneous MISC7 kWh 0.978857 13.37 31
‘ Weather Changes
j Change in COD CliZone 1,2,3,4,5 CDD1_97 CDD*kWh -0.000273 -4.61 232
j Change in CDD CliZone 11,12,13,16 CDD11_97 CDD*kWh -0.000097 -2.88 286
i Other Site Changes
| Lighting Changes LGT_CHG7 kwWh 0.10021 5.14 60
| HVAC Changes AC_CHG7 kWh 0.008429 0.49 71
Other Equipment Changes OTH_CHG? kWh -0.035692 -1.53 42
Square Footage Changes SQFT_CH7 # Sqft*kWh -1.012276 -1.50 20
Employee Changes EMP_CHG7 # Emp*kWh  332.980301 3.16 413
EMS Changes EMS_CHG?7 kwh -0.024088 -1.86 82
SAE Model

simultaneous equation model is specified to estimate the SAE coefficients on energy impact.
The SAE simultaneous system can be described as follows:

kWhy,, — kWhy,, = kWhe, , — Fy, (kWh,,, ACDD)

Using the predicted post-installation usage values estimated in the baseline model, a
= Z”, ﬂl;lEng"I +Zk p;(PChg:,k +Zk T’I.(NChgl,k +/'1i
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Where,

kWhy, . and kWhy, , are customer i's annualized energy usage for the post- and pre-

installation periods, respectively;

ACDD,; are the annual change of cooling degree days (base 62°F) between the post-
installation year and pre-installation year;

B, Eng, arethe participant engineering impacts;

PChg,, are the participant self-reported change variables from the survey data,

including adding, replacing, or removing equipment associated with major end uses,
and changes in number of employees and in facility square footage;

NChg, , are the nonparticipant self-reported change variables from the survey data,

including adding, replacing, or removing equipment associated with major end uses,
and changes in number of employees and in facility square footage;

The difference between predicted and actual usage in 1999 was used as the dependent variable
in a SAE model. Based upon the estimated participation month, the pro-rated engineering
estimates and change variables were used to explain the deviation of the actual usage from the
predicted usage. As discussed above, the predicted usage is estimated using only the
comparison group to forecast the 1999 usage as a function of 1997 usage and change of cooling
degree days from 1997 to 1999. This usage prediction presents what would have happened in
the absence of any changes made at the facility, either rebated or done outside of the program.

3.3.7 Billing Regression Analysis Results

The coefficients of the engineering impact, termed the SAE coefficients, are then used to
calculate the ex post gross energy impacts. Independent realization rates are estimated to
provide PG&E with business type- and technology group-level results. Exhibit 3-23
summarizes the final SAE model results that were estimated using 703 customers (185
participants and 518 nonparticipants), as discussed in the Data Censoring section. The exhibit
illustrates the independent variables used in the SAE model, together with the t-statistics and
the sample sizes available for each parameter estimate.

The dependent variable is the difference between the actual and predicted 1999 usage using the
1997 baseline model.

SAE coefficients are calculated for seven different combinations of business type and measure.
Primarily those measures that have broad participation and relatively high expected impacts
were supported by separate SAE coefficients. In addition, a separate SAE coefficient was
calculated for other Commercial Program measures outside the Lighting and HVAC end uses.
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Exhibit 3-23
Gross Billing Regression Analysis Final Model Outputs

Parameter Descriptions Var;:rll)altl:y::me Units P::i::::r t-Statistic ~ Sample Size
SAE Coefficients
Lighting End Use
Lighting Offices LGTOFF7 kWh -0.824743 -3.05 50
Lighting Retails LGTRET? kWh -0.891237 -1.32 23
Lighting Schools LGTSCH7 kwh -0.779395 -1.01 14
Lighting Miscellaneous LGTMSC7 kWh -0.596705 -1.34 56
HVAC End Use .
Retrofit Express Measures RETXHVC kwh -1.150815 -1.38 42
Custom HVAC CUSTHVC kWh -0.757689 -1.36 6 ‘
Other End Uses
Other Impacts OTHMEAS7 kWh 0.100398 0.05 18 \
Change Variables
Part Lighting Changes LGT_CHG? kWh -0.019670 -0.72 18 |
Part HVAC Changes AC_CHG? kWh -0.064773 -2.53 28
Part Other Equipment Changes OTH_CHG? kwh -0.025256 -0.38 4 ‘
Part Square Footage Changes SQFT_CH7 # Sqft*kWh 11.647230 4.79 6
Part Employee Changes EMP_CHG?7 # Emp*kWh  611.527341 1.27 27 : ‘
Part EMS Changes EMS_CHG7 kwh 0.049254 2.64 38
Nonpart Lighting Changes LGT_NON7 kWh 0.100211 5.94 60 ‘
Nonpart HVAC Changes AC_NON7 kwh 0.008429 0.60 71 ‘
Nonpart Other Equipment Changes OTH_NON? kWh -0.035692 -1.86 42
Nonpart Square Footage Changes SQFT_NO7 # Sqft*kWh -1.012276 -1.60 20 ‘
Nonpart Employee Changes EMP_NON7 # Emp*kWh  332.980301 3.38 598
Nonpart EMS Changes EMS_NON?7 kwWh -0.024088 -2.54 82

Attempts were made to estimate the SAE coefficients at a finer level of segmentation, but
generally either one of two problems were encountered. First, available sample sizes were too
small to support a finer level of segmentation. Or second, certain parameters were correlated
with each other and needed to be combined into a single parameter (a standard econometric
solution to solving the problem of collinearity). For example, it was determined that there was
a high incidence of central air conditioners and setback thermostat installations at the same site
in office buildings. Therefore, there was enough correlation between the central air
conditioners and setback thermostat engineering estimates to warrant combining the two
estimates into a single office estimate in the model.

Because of the high incidence of many types of standard HVAC measures being installed at the
same premise and some of the low sample sizes, the HVAC analysis was conducted for two
distinct technology groupings: RE measures, and Custom measures. The RE measures were
modeled separately from Custom measures because the application of the technologies is very
different, and there is a lower rate of incidence of RE measures being installed with Custom
measures.

Impact estimates from the MDSS for other end uses were included in the model for customers
that installed measures outside the Lighting and HVAC end uses. It is not recommended that
this value be used because the sample may not be representative of the population of
participants installing these measures.
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In addition to the SAE Coefficients, independent variables were included to capture changes in
lighting, HVAC and other equipment, made outside of the program, as well as changes made to
the size (square footage) of the building and with the number of employees. Separate change
variables were developed for participants and nonparticipants for the reasons discussed above.
The final SAE coefficients for the HVAC end use is provided in Exhibit 3-24. The SAE
coefficient is multiplied by the evaluation estimates of gross energy impact to calculate the
gross ex post energy impacts.

Exhibit 3-24
Commercial HVAC Gross Energy Impact SAE Coefficients
By Business Type and Technology Group

£ = 5| g | & ¢
S _ 2 g S s 3 = Y

g = ¥ g g 3 = 3 @ S E g

= = = < <] T ] 5 5 14 E ]

[Program and Technalogy Group ol & S X 3 é; I i 3 S S b3
|-Relr0ﬁl Central A/C 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15
Express Adjustable Speed Drives 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 115 1.15 1.15
Package Terminal A/C 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15
Set-Back Thermostat 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15
Reflective Window Film 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 115
Water Chillers 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Other HVAC Technologies 1.15 1.15 1.15 1.15 115 1.15 1.15 1.15 1.15 1.15 1.15 1.15

Relrofit Express Program Total IR ]
IREO Adjustable Speed Drives 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15
Water Chillers 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Coo|inglowers 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
High Efficiency Gas Boilers 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Retrofit Eﬁ'iciency Options Program Total N | R | T | B [ o ]

APO Water Chillers 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Customized EMS 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Customized Controls 0.76 | 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Convert To VAV 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Other Customized Equip 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Other HVAC Technologies 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76

Relative Precision Calculation

Relative precision at 90 percent and 80 percent confidence levels for the adjusted gross energy
impact estimates are calculated for each of the SAE analysis segments. As mentioned above,
there are a total of three analysis segments that were explicitly modeled, and the relative
precision estimates based upon the model output are presented in Exhibit 3-25 below. In order
to calculate the total program level adjusted gross impact and relative precision, the segment-
level results were weighted by their unadjusted engineering energy impact estimates in the
following equations.

Quantum Consulting Inc. 3-46 Methodology




Total Adjusted Energy Impact=3., §,Eng,

Where B, and Eng; are the SAE coefficients and unadjusted engineering impact
estimates for segment i, respectively. The program level standard error can be
estimated as:!1

StdErr = \/Z (CV,* B.* Eng,)’
Where,

std(p; . T : : , -
CV, =——ﬂ is the coefficient of variation in segment i, estimated in the billing

i
i

regression model.

Finally, the relative precision at 90 percent and 80 percent confidence levels were
calculated as:

P t* StdErr
Total Adj. Energy Impact

Where,
t equals 1.645 and 1.282 for the 90 percent and 80 percent confidence levels, respectively.
Exhibit 3-25 presents the relative precision calculations.

Exhibit 3-25
Relative Precision Calculation

_ Gross Engineering SAE Relative Relative
SAE Analysis Level Energy Impact Coefficient t-Statistic  Precision Precision
(kwh) at 80% at90%
HVAC End Use
Retrofit Express Measures 4,086,548 -1.15 1.38 93% 119%
Custom HVAC 16,590,710 -0.76 1.36 94% 121%
HVAC Total 20,677,258 -0.84 1.75 73% 94%

11 This procedure assumes that the samples in different segments are independent and can be treated as strata
in a stratified sampling.
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3.3.8 Net Billing Analysis

In addition to conducting a billing analysis to estimate gross energy impacts, a net billing
analysis was performed, with the objective of estimating SAE coefficients that could be applied
to gross engineering estimates to calculate net energy impact. As with the gross billing model,
the net billing model specification also incorporates both participants and nonparticipants into
one model.

A disadvantage of combining both participants and nonparticipants into one model of net
energy savings is that the resulting sample is not randomly determined. In particular,
participants self-select into the program and therefore are unlikely to be randomly distributed.
There are certain unobserved characteristics that influence the decision to participate. If these
characteristics are not accounted for in the model, the net savings model could produce biased
coefficient estimates.

One solution to this problem is to include an Inverse Mills Ratio in the model to correct for self-
selection bias. This method was developed by Heckman (1976, 1979)12 and is used by others
(Goldberg and Train, 199613) to address the problem of self-selection into energy retrofit
programs. This assumes that the unobserved factors that are influencing participation are
distributed normally. Including an Inverse Mills Ratio in the model as an explanatory variable
controls for the influence of the characteristics that cause participants to self-select into the
retrofit program. This corrects for the self-selection bias in the net savings regression as the
unobserved factors affecting participation are now controlled for in the model. As a result,
standard regression techniques should produce unbiased coefficient estimates.

Goldberg and Train (1996) developed the technique of including a second Inverse Mills Ratio in
the savings regression to account for the possibility that participation is correlated with the size
of energy savings. The second Mills Ratio is interacted with a measure of energy savings,
which allows the amount of net savings to vary with participation. The rationale for the second
term is that those customers who have potentially large savings are more likely to participate in
the program. Consequently, the unobserved factors that are influencing participation are also
affecting the amount of savings. '

To calculate the Inverse Mills Ratios, a probit model of program participation is estimated separately
for the Lighting and HVAC retrofit programs. Once the probit model is estimated, the parameters of
the participation model are used to calculate an Inverse Mills Ratio for both participants and
nonparticipants. This Mills Ratio is included in a net savings regression that combines both
participants and nonparticipants into one model. If the Mills Ratio controls for those unobserved

12 Heckman, . ‘The Common Structure of Statistical Models of Truncation, Sample Selection and Limited
Dependent Variables and a Simple Estimator for Such Models.”, Annals of Economic and Social Measurement, Vol. 5,
pp. 475-492, 1976.

Heckman, ]. "Sample Selection Bias as a Specification Error." Econometrica, Vol. 47, pp. 153-161, 1979.

13 Goldberg, Miriam and Kenneth Train. 'Net Savings Estimation: An analysis of Regression and Discrete
Choice Approaches', prepared for the CADMAC Subcommittee on Base Efficiency by Xenergy, Inc. Madison, WI,
March 1996.
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factors that determine participation (i.e. the self-selection bias), and the other model assumptions are
met, then the net savings model will produce unbiased estimates of net savings.

A description of the methods used for this application are given in the following sections. The
following sections describe the data and variables used for the probit participation model and
give the estimation results. A description of how the Inverse Mills Ratio is used in the Net Billing
Model is also discussed, along with the estimation results from the Net Billing Model. Finally, a
presentation of alternative model specifications is provided.

Probit Model of Participation

The first stage of calculating the Mills Ratio is to develop a probit model of HVAC Program
participation. The probit model is a discrete choice model with a dependent variable of either
zero or one indicating whether or not an event occurred. In this application, individuals
receive a value of one if they received a rebate in 1998 for participating in a CEEI HVAC
Program and a zero otherwise. The sample includes 76 HVAC Program participants and 5,101
HVAC nonparticipants (which includes Lighting participants that did not have HVAC
measures rebated), and includes information obtained from the telephone surveys, as well as
billing data. All but 6 of the 5,177 survey respondents were used to estimate the participation
probit for the HVAC Program!4.

Using the probit specification, the decision to participate in the HVAC Program is given by:
PARTICIPATION =a + fX +yY + 9Z+ ¢

A description of the explanatory variables is given in Exhibit 3-26. The dependent variable
PARTICIPATION has a value of one if the customer received a rebate in 1998 for participating
in a CEEI HVAC Program and a zero if they did not participate. The independent variables
used are those characteristics that are likely to influence program participation. The first set of
variables (X) used in the participation probit indicate whether a respondent was aware of the
CEEI HVAC program prior to 1998. There are three of these variables. The first is AWARE,
which takes a value of one if a respondent indicates awareness. The second and third
awareness variables will take a value of one if the respondent is aware prior to 1998, and claims
to have been informed of the program by their HVAC contractor (HV_INFO) or their PG&E
representative (PGE_INFO). Including these variables allows the model to differentiate
between respondents who simply claim they were aware, and those who also state the source
of their information. The latter group are likely to have more complete and accurate
information about the program, and therefore will be affected in a different way by their
awareness. Moreover, these variables are intended to assuage concerns evaluaters commonly
have regarding the dependability of self-reported awareness.

The second group of variables (Y) reflect the building characteristics. Examples of these include
ownership, recent changes at the facility, as well as total energy use. The third group of

14 These 34 respondents were excluded due to incomplete billing data, which was necessary for constructing
one of the independent variables (USE) in the probit regression model.
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variables (Z) contain information on business type. Finally, the error term (g) is assumed to be
normally distributed for the probit specification.

Probit Estimation Results

The estimation results for the HVAC probit are given in Exhibit 3-27. The results are generally
supportive of a priori expectations. The HVAC probit results indicate customers who were
aware of the program prior to 1998 are more likely to participate in the HVAC program.
Further, those who were aware of the program prior to 1998 and received program information
from their HVAC contractor or their PG&E representative are also more likely to participate.
Size (as indicated by energy use) ownership, and tenant activity all showed a positive effect on
the probability of participation. Most of the change variables also showed an increase in the
probability of participation. Additionally, those in facilities built before 1978 are more likely to
participate. These results all conform to expectations. However, the addition and removal of
heating equipment (ARHEAT) produced a negative coefficient, contrary to expectations. Our
results show that awareness, building age, and size, as indicated by energy use, are very strong
predictors of participation in the HVAC program, while the effect of other factors is less easily
understood.

Exhibit 3-26
Variables Used in HVAC Probit Model

Variable Variable
Name Units Type Des cription

AWARE 0.1 ' X Aware of Program Prior to 1998
ARLIGHT 0,1 Y Lighting equipment was added and removed since 1/97
ARHEAT 0,1 Y Heating equipment was added and removed since 1/97
B4_78 0,1 Y Building was constructed before 1978
EMPCHG 0,1 Y Employee change by 10% since 1/97
GROCERY 0.1 Z Grocery
HEALTH 0.1 z Health Care Building
HOTEL 0,1 V4 Hotel
HV_INFO 0.1 X Made aware by HVAC contractor prior to 1998
MISCCOM 0.1 Z Miscellaneous commercial building
OFFICE 0,1 Y4 Office building
OWN 0,1 Y Own building
PERSONL 0.1 V4 Personal services building
PGE_INFO 01 X Made aware by PG&E representative prior to 1998
RESTR 0.1 Z Restaurant
RETAIL 0,1 V4 Retail building
SCHOOL 0.1 y4 School
SFADD 0.1 Y Square footage added to the facility
SHTLEASE 01 Y Lease less than 1 year long
USE kWh Y Energy use in 1997
TENACT 0.1 Y Tenants active in equipment purchse decisions
WARE 0.1 Z Warehouse
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Once the probit model is estimated, the coefficient estimates are used to calculate the Inverse
Mills Ratio for use in the net savings regression. The product of all of the independent
variables and respective coefficient estimates are used in the following calculation:

Mills Ratio = ¢(Q%) 0 r participants)

=- ¢(Q%) (-0) (for nonparticipants)
Where,
O=a+pBX+yY+9Z

Exhibit 3-27
HVAC Probit Estimation Results

Variable Variable Coefficient Standard Significance

Name Units Type Estimate Error Level
INTERCEPT NA NA -3.14 0.26 1%
AWARE 0,1 X 0.66 0.18 1%
ARLIGHT 0,1 Y 0.20 0.16 20%
ARHEAT 0,1 Y -0.31 0.23 17%
B4_78 - 01 Y 0.49 0.14 1%
EMPCHG 0,1 Y 0.25 0.16 10%
GROCERY 0.1 Y4 -0.62 0.44 16%
HEALTH 0,1 Z 0.00 0.23 99%
HOTEL 0,1 Y4 0.10 0.28 71%
HV_INFO 0,1 X 0.17 0.91 34%
MISCCOM 0,1 Y4 -5.65 8209.42 99%
OFFICE 0,1 z 0.14 0.17 41%
OWN 0,1 Y 0.81 0.23 1%
PERSONL 0,1 YA -0.19 0.25 43%
PGE_INFO 0,1 X 0.08 0.18 64%
RESTR 0,1 z -0.24 0.26 37%
RETAIL 0,1 Zz -0.90 0.37 2%
SCHOOL 0,1 Zz -0.11 0.27 68%
SFADD 0,1 Y 0.12 0.23 59%
SHTLEASE 0,1 Y -0.34 0.44 44%
USE kWh Y 4.72E-07  1.59E-07 1%
TENACT 0.1 Y 0.49 0.27 7%
WARE 0,1 z -5.75 10754.55 99%

The function ¢ is the standard normal probability density function and @ is the standard
normal cumulative density function. Again, this Inverse Mills Ratio is used to control for
unobserved factors that may influence both program participation and the amount of energy
savings achieved for measures done within the program. In the following sections, the Inverse
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Mills Ratio is included in the net billing regression as an additional explanatory variable to
correct for the problem of self-selection into the HVAC Program.

Net Billing Model Specification

The net billing regression analysis for the Commercial Program Evaluation uses the same two-
stage approach as the gross billing analysis, with two significant differences. In fact, the net
billing model uses the exact same model specification as the baseline model (for the first stage).
Refer to the previous section for baseline model results. The SAE models differ between the net
and gross billing analyses in the following ways:

e The Mills Ratios, corresponding to each end use, are included as two separate
independent variables.

e The Mills Ratios are also interacted with the engineering impact estimates for each
corresponding technology. The engineering impacts alone are not used in the second
stage model.

The resulting SAE coefficients on the energy impacts (that have been interacted with the Mills
ratios) are then used to adjust the engineering estimates of expected annual energy impacts (the
original SAE coefficients) for the entire participant population. This is one estimate of net ex
post energy impacts. The net billing analysis model has the following functional form:

"

kWh99,i - kWh99,i = kth,.' -k, (kWh97,is ACDD;)
=G Mills ; ; + S, Mills 0, + Z,,, O Mills 1 i * ENG 1iopy

+ Z,,, O Mills i * ENgG pypc i + Zk 7 NChg;, + Zk P PChg;, +¢
Where

kWhy, ,and kWh,; are customer i’s annualized energy usage for the post- and pre-
installation periods, respectively;

ACDD; are the annual change of cooling degree days (base 62°F) between the post-
installation year and pre-installation year;

NChg, , .are the nonparticipant self-reported change variables from the survey data,

including adding, replacing, or removing equipment associated with major end uses,
changes in number of employees and square footage;

PChg;, are the participant self-reported change variables from the survey data,

including adding, replacing, or removing equipment associated with major end uses,
changes in number of employees and square footage;

Mills, ;, ; is the Mills Ratio for the Lighting end use for customer i;

Mills,y, .. is the Mills Ratio for the HVAC end use for customer i;
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Eng, o »; are the engineering impact estimates for Lighting technology m, customer i;

Eng,. .c... are the engineering impact estimates for HVAC technology m, customer i;

& and § are the coefficients on the individual Mills ratios, and on the Mills ratios
interacted with the engineering energy impacts, respectively;

£ is the random error term of the model.

This net SAE model was run with the same set of 518 nonparticipants and 185 participants that
were used in the gross billing analysis model. The results of the model are presented in Exhibit
3-28. The parameter estimates, t-statistics and sample sizes are presented for all of the net SAE

coefficients and Mills ratios..

Exhibit 3-28
Net Billing Regression Analysis Final Model Outputs

Parameter Descriptions Var}i:Il‘::ry:same Units P:::;:::::r t-Statistic  Sample Size
Mills Ratios
Lighting LRMILLS Unitless 7309.376033 1.19 703
HVAC HRMILLS Unitless 2565.422514 0.29 703
SAE Coefficients
Lighting End Use
Lighting Offices LGTOFFM Mills * kWh -0.465558 -2.89 50
Lighting Retails LGTRETM Mills * kWh -0.662977 -1.25 23
Lighting Schools LGTSCHM Mills * kWh -0.600164 -0.90 14
Lighting Miscellaneous LGTMSCM Mills * kWh -0.450717 -1.85 56
HVAC End Use
Retrofit Express Measures RETXHVM Mills * kWh -0.600785 -1.15 42
Custom HVAC CUSTHVM Mills * kWh -0.45317 -1.25 6
Change Variables _
Part Lighting Changes LGT_CHG? kWh -0.021378 -0.78 18
Part HVAC Changes AC_CHG7 kWh -0.067164 -2.57 28
Part Other Equipment Changes OTH_CHG? kWh -0.055311 -0.88 4
Part Square Footage Changes SQFT_CH?7 # Sqft*kWh 11.673152 4.75 6
Part Employee Changes EMP_CHG?  # Emp*kWh 567.081509 117 27
Part EMS Changes EMS_CHG7 kwWwh 0.045470 2.42 38
Nonpart Lighting Changes LGT_NON7 kwh 0.100325 5.93 60
Nonpart HVAC Changes AC_NON7 kWh 0.009045 0.64 71
Nonpart Other Equipment Chan OTH_NON?7 kwh -0.035328 -1.84 2
Nonpart Square Footage Chang  SQFT_NO? # Sqft*kWh -0.998534 -1.58 20
Nonpart Employee Changes EMP_NON7 & Emp*kWh 335.619754 3.40 598
Nonpart EMS Changes EMS_NON7 kWh -0.023125 -2.42 82

The parameter coefficients from the net billing model represent net participation within that
technology (having accounted for self-selection). From these estimates, we can now “back out”
an estimate of free-ridership, by taking the product of these coefficients with their Mills ratio
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and dividing by the regression coefficients from the gross model. This equation has the
following functional form:

_ Mills, * &,

m =

(1- FR)

n

Where,

Mills,,, is the mean Mills coefficient for all customers with technology m;
B,, is the SAE coefficient from the Gross Billing model for technology m; and,
0,, is the regression coefficient from the Mills Model 1 regression for technology m.

Exhibit 3-29 illustrates the resulting estimate of net, or one minus free-ridership.

Exhibit 3-29
Net Billing Regression Analysis Estimates of (1-FR)

Mills Model 1 Gross Model From Probit
Parameter Descriptions Variable Name P;:i::::r Variable Name P::;::::r Mean Mills Ri:l_':::;'g
SAE Coefficients
HVAC End Use
Retrofit Express Measures RETXHVM -0.601 RETXHVC -1.151 1.029 0.537
Custom HVAC CUSTHVM -0.453 CUSTHVC -0.758 0.915 0.547

3.4  NET-TO-GROSS ANALYSIS

An important step in estimating total impacts from the HVAC Program is the calculation of net
to gross ratios. Estimated net to gross ratios represent the proportion of net participants in the
program. A net participant is defined to be a customer who engaged in retrofit activities as a
direct result of the program. In order to calculate a net to gross ratio, estimates of both free
ridership and spillover resulting from the program must be made.

The methods used to derive net-to-gross (NTG) results for the HVAC Evaluation are presented
in this section. The NTG ratios derived using these methods are applied to the gross ex post
energy, demand, and therm impacts to derive net program impacts after customer actions
outside the program are accounted for. After a brief discussion of data sources, estimates of
free ridership and spillover from self-reported survey data are presented. This is followed by a
discussion of more sophisticated statistical modeling techniques that were used to estimate
program net effects. A third approach for estimating free ridership, using a net billing model,
was discussed in the previous section. Finally, a comparison of the three sets of results is
presented along with the final selection of NTG ratios.

3.4.1 Data Sources

The primary data sources used in the net-to-gross analysis include the 255 HVAC and
lighting participant surveys, 589 nonparticipant surveys and 4,333 canvass telephone
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surveys collected in 1999. Other data used in this analysis include the MDSS and CIS
databases, and information from the Advice Filings.

3.4.2 Self-report Methods

On May 20, 1999 the CADMAC approved a waiver that allows the use of self -report based
algorithms to estimate free ridership and spillover effects in the event discrete choice and LIRM
models fail to produce statistically reliable results. The approved waiver is presented in
Attachment 5.

Self-report Method for Scoring Free Ridership

The following discussion explains the methods employed to calculate “self-report” estimates of
free ridership amongst program participants (as opposed to “modeled” free ridership estimates
based on the discrete choice model). Definitions used for free ridership and net participation
among the participant population are presented. Specific scoring algorithms and questions
used to identify free riders in the participant survey are also discussed.

Overview of Methodology

Participants involved in the CEEI retrofit program can be classified into four basic categories
depending on the actions they would have taken in the absence of the CEEI program:

1. In the absence of the CEEI program, the participant would not have installed any new
equipment '

2. In the absence of the CEEI program, the participant would have installed standard
efficiency equipment

3. In the absence of the CEEI program, the participant would have installed high efficiency
equipment, but not as soon (more than one year later)

4. In the absence of the CEEI program, the participant would have installed high efficiency
equipment at the same time (within the year)

Customers who fall into the first three categories can be considered net program participants.
Customers who fall into the fourth category should be considered free riders. The self-report
estimates of free ridership were based. on these four categories. Data used to calculate the self-
report free ridership estimates was collected as part of a comprehensive telephone survey of
CEEI program participants. The survey collected information on the participants’ likely HVAC
retrofit behavior, with regards to the CEEI program. Responses consistent with category 4 were
counted towards free ridership. Responses consistent with categories one through three were
counted towards net participation.

The questions used to classify responses directly reflect the definitions of net participation and
free ridership presented above. Respondents were asked what they would have done in the
absence of the program. They were asked whether or not they would have adopted high
efficiency HVAC equipment, and when they would have installed that equipment. Generally,
the answers to both of these questions allowed the responses to be classified based on the
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categories described above. Specific scoring algorithms and the exact text of the corresponding
questions are presented below.

Raw results from the self-report free ridership estimates were weighted by the avoided cost
associated with a given respondent. Results of the weighted self-report free ridership estimates
were then calculated for each technology group. Results are presented at the technology group
level, allowing differences in free ridership rates by technology to be examined.

Scoring Method and Scoring Algorithms

Responses were initially scored based on the following questions:

pd310 Which of the following statements best describes actions your firm would have
undertaken had the HVAC Program NOT existed...

1 = We would not have changed our HVAC system

2 = We would have bought high-efficiency HVAC equipment
3 = We would have bought standard efficiency HVAC

8 = (Refused)

9 = (Don't Know)

pd315 Which of the following statements best describes your firm's plans to install HIGH
EFFICIENCY HVAC had the program NOT existed...

1 = We would have installed high efficiency HVAC at the same time we did it
through the program

2 = We would have installed high efficiency HVAC within the year

3 = We would have installed high efficiency HVAC, but not within the year

4 = We wouldn't have installed high efficiency HVAC at all

8 = (Refused)

9 = (Don't Know)

A response counted towards net participation (consistent with categories 1 through 3) if:

Cpdd0=Tor3 il

Under the first condition, the respondent indicated that, in the absence of the program, they
would have made no equipment changes, or would have installed standard efficiency
equipment. Under the second condition, the respondent indicated that, had the program not
existed, they would have installed high efficiency equipment, but not within the year.

A response counted towards free ridership if:
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- pds1n =2 ANDpd315=1or2 - . .

Under this condition the respondent indicated that, in the absence of the program, they
would have bought high efficiency equipment, and would have installed it at the same time,
or within the year.

In the event the participant was unable to answer question pd310, or provided contradictory
answers to pd310 and pd315, the data was considered inconclusive. Specifically, data was
considered inconclusive if:

pd310 2 AND pd315=4

pd310 2AND pd315 Refused/Don’t Know '

d310 Refused /Don’t Know

Under the first condition the respondent indicated that in the absence of the program, they
would have purchased high efficiency equipment. However, when the respondent was asked
when they would have purchased this equipment, they stated that they would not have
installed high efficiency HVAC equipment at all. Under the second condition the participant
answered “don’t know” or refused to give a response to question pd310. If either of these
conditions applied, a second set of questions was examined to determine free ridership:

pd300 Before you knew about the HVAC Program, which of the following statements best
describes your company's plans to install HVAC fixtures? (READ RESPONSES).

1 = You hadn't even considered purchasing new HVAC equipment.

2 =You were interested in installing HVAC equipment, but hadn't yet decided
on energy efficient HVAC equipment. (i.e. you were considering all your
options.)

3 = You had already decided to install HIGH efficiency HVAC, but probably
not within the year.

4 = You had already decided to install HIGH efficiency HVAC within the year.

8 = (Refused)

9 = (Don't Know)

A response counted toward net participation if:

deOO,:' 1yot;3-:- SR

Under this condition, the respondent indicated that, before they knew about the program, they
hadn’t even considered purchasing high efficiency equlpment or were planning on purchasing
high efficiency equipment, but not within the year.
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A response counted toward free ridership if:

- pd300=4 o ,

Under this condition, the respondent indicated that, before they knew about the program, they
had already decided to install high efficiency equipment within the year.

The respondent’s answer to pd300 was considered inconclusive if:

. pd300=Refused/Don’t Know

Under the first condition the respondent has not clearly indicated what their behavior would be
in the absence of the program. Under the second condition, the respondent answered a “don’t
know” or refused to give an answer to question pd300. If either of these conditions held, a
third survey question was used to determine free ridership:

pd250 If you had not replaced this equipment under the program how long would you have
waited to replace it?

1 = You would have replaced the equipment at the same time

2 = You would have replaced the equipment at a year or within a year
3 = You would have replaced the equipment more than a year later

4 = You would not have replaced the equipment at all

The response counted towards net participation if:

In other words, the respondent indicated that, if they had not replaced their equipment under
the program, they would have replaced it at least a year later, or not at all.

The response was not used if :

In this case, the respondent indicated that, had they not replaced the equipment under the
program, they would have made the replacement at the same time, or within the year.
However, it is unclear whether this question applies to new high efficiency equipment or new
standard efficiency equipment. For this reason, the additional condition was not used.
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The scoring routine described above classified responses in accordance with the four categories
described at the beginning of this section. Respondents who indicated that, in the absence of
the program, they 1) would not have done a retrofit; 2) would have bought standard efficiency
equipment instead; or 3) would have installed high efficiency equipment, but at a later time;
were counted as net participants. Customers who fit the fourth classification; those who, in the
absence of the program, would have installed high efficiency equipment within one year, were
counted as free riders.

If the initial combination of questions (pd310 and pd315), could not classify a response because
of contradictory, or “don’t know” or “refusal” responses, then the responses to the additional
questions were used. Question pd300 made almost the same distinctions as the initial
questions. The only difference is that the respondent was asked what they intended to do
“before they knew about the retrofit program,” as opposed to what they would have done “in
the absence of the program.” The pd250 questions determined when those responding to the
additional classification questions would have made the retrofit.

In the absence of a clear response to the first set of questions, the additional classification
questions served as an appropriate way to assign responses to one of the four categories
described at the beginning of this section. The form of the additional questions was very
similar to that of the initial questions.

Data Sources

Data used in deriving the self-report estimates of free ridership included responses from 255
completed telephone surveys of CEEI program participants. The responses included 76 HVAC
end use adopters. The surveys were conducted between April and August of 1999 as part of a
comprehensive telephone survey of CEEI program participants.

HVAC Results

Self-reported estimates of free ridership are presented in Exhibit 3-30 below by technology
group. Package Terminals and Other Custom had the lowest rates of free ridership, 10 and 24
percent respectively. There was a only one surveyed participant who had adopted an
Evaporative Cooler, and this participant was a free rider. Higher rates of free ridership were
also observed in the Reflective Window Film and Central Air Conditioning categories, 55% and
78% respectively. These free ridership rates were developed within technology group by
weighting by each site’s avoided cost associated with the technology retrofit.
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Exhibit 3-30
Weighted Self-report Estimates of Free Ridership
for HVAC Technology Groups

Technology Group Sample Free Ridership

Adjustable Speed Drives 7 40.7%
Central Air Conditioning 31 55.2%
Evaporative Cooler 1 100.0%
Other Custom Measures 22 23.8%
Package Terminals 6 10.4%
Set Back Thermostats 8 44.0%
Reflective Window Film 11 78.0%
Total - Weighted by Avoided Cost 86 25.5%

Self-report Method for Scoring Spillover

In determining the total net-to-gross ratio for the CEEI program, spillover impacts resulting
from the program must be estimated for both program participants and nonparticipants. The
overall impact of spillover represents an additional social benefit from the CEEI program,
contributing towards total market transformation. The following discussion explains the
methods employed to calculate “self-report” estimates of spillover amongst program
participants and nonparticipants (as opposed to “modeled” spillover estimates based on the
discrete choice model). Definitions used for spillover and net participation among the
participant and nonparticipant population are presented. Specific scoring algorithms, and
questions used to identify spillover in the participant and nonparticipant surveys are also
discussed. The final calculation of these impacts is also described.

Overview of Methodology

The self-report methodology is composed of three steps:
- Identification of the spillover rate
- Calculation of the impact per unit of spillover
- Estimation of the spillover contribution to the net-to-gross ratio

The spillover rate is the rate at which the participant or nonparticipant population is adopting
non-rebated high-efficiency HVAC equipment as a result of being influenced by the CEEI
program. The spillover rate is estimated using self-reported survey results, as described below.
Multiplying the participant or nonparticipant population by the respective spillover rate
provides an estimate of the total number of non-rebated high-efficiency adoptions occurring in
the participant or nonparticipant population as a result of CEEI program influence.

To estimate the contribution towards the net-to-gross ratio represented by these participants
and nonparticipants, a per participant or nonparticipant estimate of impact is required. The per
unit impact estimate is based on the equipment installed as reported in the surveys, as
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described below. The contribution of spillover to the net-to-gross ratio can then be estimated
as:

Participant Spillover:
NTGpart_spill = SP_RATEpart * POPpart*IMPACTpart_spill/IMPACTpop

Where,
NTGpart_spill = the participant contribution of spillover to the net-to-gross ratio
SP_RATEpart = the participant spillover rate
POPpart = the participant population, in number of sites
IMPACTpart_spill = the per participant site impact associated with spillover
IMPACTpop = the total CEEI Program impact

Nonparticipant Spillover:
NTGnp_spill = SP_RATEnp * POPnp*IMPACTnp_spill/IMPACTpop

Where,
NTGnp_spill = the nonparticipant contribution of spillover to the net-to-gross ratio
SP_RATEnp = the nonparticipant spillover rate
POPnp = the nonp;.articipant population, in number of sites
IMPACTnp_spill = the per nonparticipant site impact associated with spillover
IMPACTpop = the total CEEI program impact

Identification of the Spillover Rate

The participant and nonparticipant spillover rates were estimated as the ratio of the number of
spillover adoptions to the total surveyed population. Thus, the spillover rate reflects the rate at
which the participant or nonparticipant population is making non-rebated, high-efficiency
HVAC equipment adoptions as a result of CEEI program influence.

In general, a spillover action was defined as any action taken outside of the program that
increases energy efficiency, and occurred as a direct result of the program’s influence. In
counting the total number of adoptions contributing towards spillover, the following four
conditions, which reflect this definition of spillover, were used: .

1. the adoption involved the installation of high efficiency equipment, as recognized by the
CEEI program

2. the respondent was aware of the program before making the decision to purchase new
HVAC equipment
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3. the adoption was not rebated as part of the program

4. the respondent stated that the adoption occurred as a result of the CEEI program’s
influence

In other words, the respondent’s knowledge of, awareness of, or participation in the CEEI
program encouraged them to install high efficiency equipment outside the program.

After identifying all the equipment adoptions that meet the spillover criteria, the spillover rate
was calculated by dividing the total number of spillover adoptions by the total population
surveyed. This was done for both participants and nonparticipants.

Identifying Participant Spillover Actions

The three spillover conditions were evaluated in the participant survey by using the following
questions:

For Condition 1:

Questions cr020 and cr099 were used to determine whether or not additional, program
qualifying, high efficiency HVAC equipment was installed. For HVAC equipment that might
be either high efficiency or standard efficiency, question crl11l7 was used to determine the
efficiency of the additional technology. If an HVAC response qualified as a spillover, it was
checked -against question cr117 to ensure that it was a high efficiency installation. The text for
these questions were as follows:

cr020 Since January 1997, did you add to, replace, or remove any cooling equipment?

cr099 What type of units were added?

crll7 Is the additional technology standard efficiency or did you have to pay extra for a
high efficiency unit?

For Condition 2:

Question ¢r050 and sp160 were used to verify that the out-of-program HVAC adoption
occurred after the respondent became aware of the Retrofit Program. The question text is as
follows:

Cr050 Were these changes made after you participated in the Retrofit Program?

Sp160 Did you become aware of the Retrofit Program before or after you made the decision
to purchase your new HVAC equipment?
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For Condition 3:

Question cr060 was used to determine whether or not additional participant HVAC
installations were rebated. The question text for cr060 was as follows:

cr060 Was your firm paid a rebate by PG&E for these changes in your HVAC equipment ?

For Condition 4:

The fourth condition, whether or not the program influenced the respondent’s equipment
| selection, was tested with question sp110. Only those respondents who installed non-rebated
| HVAC equipment after they had become aware of the program were asked the final spillover
question. Respondents who answered this question but installed standard efficiency

equipment types were not counted as spillover. Because of this design, spillover could be
‘ calculated based on the response to question sp110 in conjunction with data on the efficiency of
| the installed HVAC equipment. The question text for sp110 was as follows:

sp110 How influential was the Retrofit Express Program in your selection of the additional
equipment?

1= Not at all influential
2= Slightly influential

3= Moderately influencial
4= Very influential

R= Refused

D=Don’t know

Participant Spillover Scoring Algorithm

The final scoring algorithm for participant spillover was based on question spl10, in
conjunction with data on the efficiency of the installed HVAC equipment. This question was
used because, as explained above, it was only asked of participants who made a non-rebated
adoption after they had become aware of the program. The scoring algorithm is as follows:

If sp110 23or4 .

AND equlpment is hlgh efﬁcxency, v |

then spnllover =1
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7 dsespillover=0

If a respondent scores a 1 for spillover, they have met all four spillover conditions set forth
above. As described above, the total number of spillovers counted using this algorithm was
divided by the total number of participant’s surveyed to obtain the participant spillover rate.

Participant Self-report Spillover Results

Of the 255 HVAC and lighting participants surveyed, a total of 14 respondents met all of the
spillover criteria excluding efficiency. Two of these 14 respondents installed standard
efficiency equipment and 10 installed high efficiency equipment. The remaining 2 respondents
had inconclusive data regarding efficiency. These 2 were divided between standard and high
efficiency categories based upon the distribution of respondents who met all spillover criteria
and had conclusive efficiency information. Thus 1.67 of the 2 remaining respondents were
categorized as spillover actions. Finally, a total of 11.7 adoptions were identified as
contributing to HVAC spillover. This results in a participant spillover rate of 4.6 percent.
Because there were a total of 566 participants, this is equivalent to a total of 26 participant
spillover HVAC actions.

Identifying Nonparticipant Spillover Actions

For Condition 1:

As with the participant spillover, questions cr020 and cr099 were used to determine whether
or not additional HVAC equipment was installed. Also similarly, question cr117 was used to
clarify the efficiency of the additional technology. The text for these questions and their
response values were identical to the ones used in calculating the participant spillover. The
text can be found in the explanation of the participant spillover methodology given in the
preceding section.

For Condition 2:

Questions is005 and sp160 were used to verify that the respondent was aware of the program
before the HVAC technology was adopted. The text for these questions was as follows:

is005 Have you heard of PG&E'’s Retrofit Express programs?

sp160 Did you become aware of the Retrofit Express program before or after you made the
decision to purchase your new HVAC equipment?
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For Condition 3:

Question cr060 was used to determine whether or not the HVAC installation was rebated. The
text for this question was identical to the one used in calculating the participant spillover. The
text can be found in the explanation of the participant spillover methodology given in the
preceding section.

For Condition 4:

The fourth condition, whether or not the program influenced the respondent’s equipment
selection, was tested with question sp180. Only those respondents who were aware of the
program before making the decision to purchase new HVAC equipment, and did not receive a
rebate for this purchase were asked sp180. Respondents who answered this question but
installed standard efficiency equipment were not counted as spillover. Because of this design,
spillover could be calculated based on the response to question sp180, together with data on the
efficiency of the installed HVAC equipment. The question text for sp180 was as follows:

sp180 Did your knowledge of the Retrofit Express program at all influence your additional
HVAC equipment selection?

1= Not at all influential
2= Slightly influential

3= Moderately Influential
4= Very Influential

R= Refused

D=Don’t Know

Nonparticipant Spillover Scoring Algorithm

The final scoring algorithm for nonparticipant spillover was based on question sp180, in
conjunction with data on the efficiency of the installed HVAC equipment. Again, only
respondents who stated that they were aware of the program before making the decision to
purchase new HVAC equipment, and were not rebated for this purchase, were asked question
sp180. Thus, the final spillover scoring algorithm was as follows:

If sp180 23 or4

AND equlpment is. h' "hf:efflaency, -

- .r : then splllover _1 co

else spxllover = 0
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If a respondent scores a 1 for spillover, they have met all four spillover conditions set forth
above. The number of spillover adoptions resuiting from this algorithm was divided by the
number of nonparticipants surveyed to obtain the nonparticipant spillover rate.

Nonparticipant Self-report Spillover Results

Of the 4,923 nonparticipants surveyed, there were 6 respondents who met all of the spillover
criteria excluding efficiency. Two of these 6 respondents installed standard efficiency
equipment, and 4 installed high efficiency equipment. Therefore, a total of 4 respondents were
identified as contributing to nonparticipant HVAC spillover.

Nonparticipants’ reported HVAC adoptions spanned approximately a 30-month period (from
January 1997 through approximately June 1999). In order to calculate the 1998 spillover rate, a
constant adoption rate over the period was assumed. Thus, the portion of total adoptions
captured in the survey assumed to occur in 1998 was calculated by dividing the 12 months in
1998 by the 30 months spanning the entire period, resulting in 40 percent.

The approach to distributing the spillover across the 30-month analysis period is conservative
relative to alternative allocation methods. In the 1997 evaluation, we used the portion of all
reported high efficiency HVAC adoptions occurring during program year 1997. If we were to
use this method in the 1998 evaluation the resulting percent would be significantly higher,
49.7% versus 40.0%. A second alternative estimation method would be to mimic the
distribution of all non-rebated HVAC adoptions, both standard and high efficiency. This
method would also result in a measurably higher portion allocated to this year’s evaluation,
51.5% versus 40%. As a third alternative, the portion of all HVAC adoptions, ihcluding rebated
and non-rebated, high-efficiency and standard efficiency adoptions, occurring in 1998 could be
used as an estimator. This portion is 50.5% and would also yield a higher spillover rate.

From PG&E’s 1998 CIS, there were 416,496 unique sites identified, resulting in a total of
415,930 nonparticipant sites less the 566 participants. Therefore, because there were a total of
415,930 nonparticipants, the spillover rate of 0.04 percent is equivalent to a total of 168
nonparticipant spillover HVAC actions. :

Calculation of Impacts Associated With Spillover

Self reported installation information and the MDSS database were used to calculate the
impacts associated with spillover. The reported equipment type and number of units installed
from the telephone surveys were used to estimate an impact for each installation occurring
outside of the program. From these estimates, the average impact associated with a spillover
adoption could be calculated.

Participant Spillover Impact Calculation

About 12 participants were identified as contributing to spillover. Rather than using these 12
installations to calculate an average spillover impact, the survey sample of participant, out-of-
program, high efficiency HVAC installations was used. There were a total of 22 high efficiency
installations, for which valid responses were obtained for equipment type and number of units
installed. These 22 installations were used to estimate the average participant impact
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associated with spillover. To calculate the impacts associated with spillover, avoided cost was
used as a proxy for impact.

The MDSS was used to determine the average avoided cost per unit installed for each
equipment type. When calculating average avoided cost per unit for water chiller and
adjustable speed drives (ASDs), data from the REO and APOS programs was excluded. This
was a conservative decision. Including data from the REO and APOS programs would have
more than doubled the average avoided cost for both ASDs and increased it by more than 25-
fold for water chillers.

The 22 participant out-of-program installations were used to determine the average number of
units installed by equipment type. Multiplying the number of units by the average avoided
cost per unit from the MDSS yielded an estimate of the average avoided cost per participant
installation by equipment type. The 22 participant installations were also used to determine the
distribution of installations across equipment type. This method resulted in an average
avoided cost per participant installation.

Exhibit 3-31 below, presents the average avoided cost per participant installation by equipment
type, along with the distribution of installations across equipment type. The majority of
participant adoptions were of single package A/C units, at 64% of total installations. The
average avoided cost per participant was estimated at $5,974.

Exhibit 3-31
_ Participant Out-of-Program Adoptions

Ave # Units Per Unit Ave Av Cost  Distribution
Equipment Type Per Prt Ins tall Av Cost Per Ins tall of Ins talls
SplitSystem A/C 2 $1,648 $3,956 22.7%
Single Package A/C 3 $1,648 $4.121 63.6%
Water Chillers 2 $8.994 $17,988 13.6%
Weighted Average by
Distribution of Ins talls $5.974

Nonparticipant Spillover Impact Calculation

Four nonparticipants were identified as contributing to spillover. Rather than using these 4
installations to calculate an average spillover impact, the survey sample of non-rebated, out-of-
program, high efficiency HVAC installations was used. There were a total of 224 high
efficiency installations, for which valid responses were obtained for equipment type and
number of units installed. These 224 installations were used to estimate the average
nonparticipant impact associated with spillover. To calculate the impacts associated with
spillover, avoided cost was used as a proxy for impact.

The MDSS was used to determine the average avoided cost per unit installed for each
equipment type. The 224 nonparticipant installations were used to determine the average
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number of units per installation by equipment type. Multiplying the number of units by
the average avoided cost per unit from the MDSS yielded an estimate of the average
avoided cost per nonparticipant installation by equipment type. The nonparticipant
installations were also used to determine the distribution of installations across equipment
type. This method resulted in an average avoided cost per nonparticipant installation.

Exhibit 3-32 below, presents the average avoided cost per nonparticipant installation by
equipment type, along with the distribution of installations across equipment type. The
average avoided cost per nonparticipant was estimated at $8,564.

Exhibit 3-32
Nonparticipant Adoption Distribution

Ave # Units Per Unit Ave Av Cost  Distribution
Equipment Type Per NP Install Av Cost Per Ins tall of Ins talls

Split System A/C 3 $1,648 $4,258 11.2%
Single Package A/C 3 $1,648 $5,615 26.8%
Individual A/C 3 $1,648 $4,820 25.9%
Package Terminal 5 $203 $946 8.0%
Remote Condensing Unit 1 $8,809 $8,809 2.2%
E vaporative Coolers 4 $2,242 $7,998 13.8%
Water Chillers 2 $8,994 $14,241 5.8%
E vaporative Condensers 3 $8,809 $22,023 1.8%
Cooling Towers 2 $41,958 $62,937 2.2%
EMS 1 $140,690 $140,690 0.9%
Set Back 7 $816 $5,712 1.3%
Weighted Average by

Dis tribution of Ins talls $8.564

Calculating the Contribution of Spillover to the Total Net to Gross Ratio

As discussed above, the contribution of spillover to the total net-to-gross ratio can be estimated
as follows:

Participant Spillover:
NTGpart_spill = SP_RATEpart * POPpart*AV_COSTpart_spill/AV_COSTpop

Where,

NTGpart_spill = the participant contribution of spillover to the net-to-gross ratio
SP_RATEpart = the participant spillover rate

POPpart = the participant population, in number of sites

AV_COSTpart = the per participant site avoided cost associated with spillover
AV_COSTpop = the total avoided cost for the CEEI program
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Nonparticipant Spillover:
NTGnp_spill = SP_RATEnp * POPnp*AV_COSTnp_spill/ AV_COSTpop

Where,
NTGnp_spill = the nonparticipant contribution of spillover to the net-to-gross ratio
SP_RATEnp = the nonparticipant spillover rate
POPnp = the nonparticipant population, in number of sites
AV_COSTnp = the per nonparticipant site avoided cost associated with spillover
AV_COSTpop = the total avoided cost for the CEEI program
These equations are identical to those presented earlier, with the exception of using avoided
cost as a proxy for impact. Each of the components to calculating the contribution to

participant and nonparticipant spillover have been identified and are discussed above, except

for the total avoided cost. The total avoided cost as reported in the MDSS is $9,368,244 for the
HVAC end use.

Participant Spillover NTG Calculation

Exhibit 3-33 presents the participant spillover contribution to the net-to-gross ratio applying the
equation above and using all of the previously described results. The total resulting
contribution to the net-to-gross ratio made by participants is 1.65 percent.

Exhibit 3-33
Participant Spillover Estimate

Avoided Cost Per Participant $5,974
S pillover Rate 4.58%
Number of Participants ' 566
Number Contributing to S pillover 26
S pillover Avoided Cost $154,707
HVAC Avoided Cost $9,368,244
NTG Contribution from

ParticipantS pillover 1.65%

Nonparticipant Spillover NTG Calculation

Exhibit 3-34 presents the nonparticipant spillover contribution to the net-to-gross ratio applying
the equation above and using all of the previously described results. The total resulting
contribution to the net-to-gross ratio made by nonparticipants is 12.36 percent.
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Exhibit 3-34
Nonparticipant Spillover Estimate

Avoided Cost Per Nonparticipant $8,564
S pillover Rate 0.03%
Number of Nonparticipants 415,930
Number Contributing to S pillover 135
S pillover Avoided Cost $1,157,715
HVAC Avoided Cost $9,368,244
NTG Contribution from

Nonparticipant Spillover 12.36%

3.4.3 Discrete Choice Model

As stated earlier, the number of HVAC program participants in 1998 was relatively small, at
137 unique sites. Of these, 76 completed telephone surveys. This sample is quite small relative
to previous years. For example, the 1997 CEEI program had 1337 HVAC participants, of which
443 completed telephone surveys. The limited available sample significantly reduces the
reliability of statistical modeling techniques.

Nevertheless, this section presents the results of a two-stage discrete choice model. This model
is intended to simulate the decision to purchase commercial HVAC equipment. The results of
this model may be used to estimate a net-to-gross ratio as well as spillover and free ridership
rates associated with the HVAC Program. This section contains a detailed description of the
two-stage model used in the discrete choice analysis.

In previous years the discrete choice analysis modeled the decision to purchase high and
standard efficiency central air conditioners (CACs), as well as evaporative coolers. This year
the data would not support a separate category for evaporative coolers. There was only 1
participant in the sample that had made an evaporative cooler adoption through the program.
Therefore the following discrete choice analysis will model the decision to purchase high
efficiency and standard efficiency CAC units only. This technology was selected because they
comprised a large portion of the purchases made outside and inside the program and were
judged to be reasonable substitute technologies. There were 31 participants who made CAC
purchases through the program, and there were 74 nonparticipants that made CAC adoptions
outside the program.

The probability of purchasing any given equipment option A can be expressed as the product
of two separate probabilities: the probability that a purchase is made, multiplied by the
probability that equipment option A is chosen given that a purchase has been made. This can
be written as:

Prob (Purchase & Equipment A ) = Prob(Purchase) * Prob(Equipment A | Purchase)

The two stage model adopted for this analysis estimates both of the right hand side
probabilities separately. The first stage of the model estimates the probability that a customer
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makes a CAC equipment purchase and is referred to as the purchase probability. The second
stage of the model estimates the type of CAC equipment chosen, given that the decision to
purchase has already been made, and is referred to as the equipment choice probability. The
product of the purchase probability and the equipment choice probability is the total
probability and reflects the probability that any one CAC equipment option is purchased.
Once estimated, the model is used to determine the probability of purchasing high-efficiency
equipment in the absence of the HVAC Program. This is simulated by setting the rebate and
program awareness variables to zero in both stages of the model.

The net-to-gross ratio is calculated using the total probability of purchasing high-efficiency
CAC equipment both with and without the existence of the retrofit program. The expected
impact with the program is the total probability of choosing high-efficiency equipment
multiplied by the energy impact of the equipment. Similarly, the expected energy impact in the
absence of the HVAC Program is the total probability of purchasing high-efficiency equipment
without the program multiplied by the energy impact of the equipment. The net-to-gross ratio
is the net savings due to the program divided by the expected energy savings that results from
having the program. As discussed below, this method is also used to determine free ridership
rates and spillover.

Data Sources for the Net-to-Gross Analysis

The data used for the net-to-gross analysis are a combination of telephone survey information
and the program information contained in the MDSS dataset. The sample is divided into
purchase and nonpurchase groups. Those that purchased CAC equipment either inside or
outside the program are in the purchase group, while those that made no purchases are in the
nonpurchase group.

The sample used to estimate the purchase model originally contained information on 2,960
customers. Of these, 934 were excluded because survey data indicated there was no air
conditioning system at the site. The remaining 2,026 customers made a total of 261 CAC
purchases. This is considerably fewer purchases than were found in the 1997 Evaluation
data. The 1997 Evaluation purchase model included data on 2,155 customers that made 602
HVAC purchases. The reduction in purchases is explained by the smaller portion of
participants in the 1998 Evaluation sample.

The 1998 sample contains 1,801 customers that are nonparticipants and did not make any
HVAC equipment purchases. The other 226 customers purchased new CAC equipment
between January 1997 and June of 1999. Of those that did make CAC equipment purchases,
31 customers made purchases within the HVAC Program. There were 96 customers that
purchased high-efficiency CAC equipment outside the program. Finally, 109 customers
reported purchasing standard CAC equipment. Some customers made more than one type of
purchase.

Stage 1 -- Purchase Model Specification

The purchase decision is specified as a logit model with a dependent variable having a value of
either zero or one. In this application, customers are given a value of one if they made a CAC
equipment purchase either inside or outside the program and a zero if they did not purchase
any CAC equipment. The purchase decision model specification is defined as:
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PURCHASE=a+fX+yYY+ FZ+ ¢

Variable definitions are given in Exhibit 3-35. The explanatory variables X contain information
on rebate and program awareness that capture the effect of the HVAC Program. Building
characteristics such as square footage and changes to the facility are contained in Y. Variable
group Z contains variables indicating building type. The error term ¢ is assumed to be
distributed logistic consistent with the logit model specification

Exhibit 3-35
Purchase Model Variable Definitions

Variable Variable
Name Units Type Description

AWARE 0,1 X Aware of program prior to purchase
ARLIGHT 0,1 Y Lighting equipment was added and removed since 1/95
ARHEAT 0,1 Y Heating equipment was added and removed since 1/95
B4_78 0,1 Y Building was constructed before 1978
CINDEX ratio X (Cost-Rebate)/Cost
EMPCHG 0,1 Y Employee change by 10% since 1/95
GROCERY 0,1 Z Grocery
HEALTH 0,1 z Health Care Building
HOTEL 0,1 z Hotel
HV_INFO 0,1 X Made aware by HVAC contractor prior to purchase
MISCCOM 0,1 z Miscellaneous commercial building
OFFICE 0,1 Z Office building
OWN 0,1 Y Own building
PERSONL 0,1 4 Personal services building
PGE_INFO 0,1 X Made aware by PG&E representative prior to purchase
RESTR 0,1 z Restaurant
RETAIL 0,1 Z Retail building
SCHOOL 0,1 V4 School
SFADD 0,1 Y Square footage added to the facility
SHTLEASE 0,1 Y Lease less than 1 year long
SQFEET Square ft. Y Square footage of facility
TENACT 0,1 Y Tenants active in equipment purchse decisions
WARE 0,1 4 Warehouse

There are four variables specified to capture the effect of the HVAC Program on the decision to
make a purchase: AWARE, HV_INFO, PGE_INFO and CINDEX. For AWARE, customers are
given a value of one if they indicated that they were aware of the retrofit program before they
made the decision to purchase new CAC equipment. If they became aware of the program
after or at the same time they selected the equipment, they are given a value of zero for
AWARE. This definition of awareness is used to take into account that the process of shopping
for CAC equipment will result in some customers becoming aware of the HVAC Program.
When awareness is set to zero to simulate the absence of the program, only those who started
shopping after they became aware of the program will be affected since it is assumed that the
program influenced them to shop for new CAC equipment. This precludes program awareness
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from having an effect on those customers who were already looking for CAC equipment when
they became aware of the program.

Similar to the 1997 HVAC Program Evaluation, the variables HV_INFO and PGE_INFO are
included to enhance the model’s ability to identify the effects of program awareness. These two
variables can take the value of either zero or one. HV_INFOQ takes on a value of one if:

1) the respondent was aware of the program prior to making the decision to purchase
new CAC equipment, and

2) the respondent indicated they were informed of the program by their HVAC
contractor

PGE_INFO is defined similarly, but indicates that the respondent received program
information from their PG&E representative. Respondents who state they were aware of the
program and are also able to state their source of information are likely to be more accurately
and completely informed about the program. Perhaps more importantly, the addition of these
two variables reduces the concern evaluators commonly have with customers falsely claming
they are aware of the program. Allowing the impact of awareness to vary over these types of
respondents improves the model’s ability to interpret the impact of awareness. We expect that
those who state they were aware of the program, and cite one or both of these two sources of
information, will be more affected by their awareness.

Using this restricted definition of awareness, 64 percent of participant purchases were made by
participants who were aware of the program. Approximately 14 percent of nonparticipants
making CAC purchases were aware of the program before they made their purchase decision.
For those that did not make any purchases, 16 percent were aware of the program. For the
entire sample, 18 percent of the customers were coded as being aware of the HVAC Program.

Of those participants who were aware of the program, 38 percent claimed to have been made
aware of the program by their HVAC contractor. Those who stated that their PG&E
representative told them about the program comprised 44 percent of the participants who were
aware. Among those who made out-of-program purchases and were aware, 26 percent
received program information from their HVAC contractor; 48 percent from their PG&E
representative. Overall, 33 percent of those who were aware received information from their
PG&E representative, and 18 percent from their HVAC contractor.

The variable CINDEX gives the fraction of the incremental cost of the CAC equipment that is
paid by the customer and is defined by the incremental cost of the equipment minus any rebate
divided by the incremental cost:

CINDEX = (Incremental Cost — Rebate) / Incremental Cost

For those that did not purchase CAC equipment or were unaware of the program when the
CAC equipment was selected, the expected rebate is zero. This results in a CINDEX value of
one since the entire cost of the measure is paid by the customer. Similarly, for those that made
a purchase and are aware of the program, the expected rebate is nonzero and CINDEX takes on
a value less than one.
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Purchase Model Estimation Results

The estimation results from the purchase model are given in Exhibit 3-36. A likelihood ratio
test yields a test statistic of over 1,565 with 23 degrees of freedom, which is well above the
critical value at any of the conventional levels of significance. The coefficient estimates from
the purchase model are shown in Exhibit 3-36, and the results generally conform to
expectations. As expected, program awareness has a positive effect on the decision to purchase
CAC equipment. Further, this effect is greater if either their HVAC contractor or PG&E
representative informed the respondent of the program.

The coefficient estimate for CINDEX is negative. This suggests that the greater the percentage
of costs that are paid by the customer, the less attractive it is to make a purchase. The variables
reflecting building ownership (OWN) and the role tenants play in equipment decisions
(TENACT) also have a positive and significant effect on the likelihood of a CAC purchase. The
facility size variable (SQFEET) is also positive, indicating that larger facilities are more likely to
make CAC purchases. Not surprisingly, changes to the facility (ARLIGHT, ARHEAT, SFADD,
EMPCHG) are also likely to lead to a CAC equipment purchase.

Recall the variable B4_78 is a dummy variable indicating whether a building was constructed
before 1978. The coefficient for this variable is positive, confirming our expectation that older
buildings would be more likely to be in need of new CAC equipment. The variable SHTLEASE
is a dummy variable indicating whether a tenant has a lease less than one year long. Our
expectation was that tenants with shorter leases would be less likely to purchase new CAC
equipment. Our expectations were not borne out by the results, although the coefficient
estimate is small and not statistically different from zero.

The estimated model parameters are used to calculate the probability of making a CAC
equipment purchase. With the logit model, the probability of purchasing is given by:

PURCHASE = exp (Q)/1 +exp (Q)

Where
Q=a+fX+yY+ 932
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Exhibit 3-36
Purchase Model Estimation Results

Variable Variable Coefficient S tandard Significance

Name Type Estimate Error Level
AWARE X 0.22 0.22 33%
ARLIGHT Y 0.34 0.19 8%
ARHEAT Y 2.07 0.20 1%
B4 78 Y 0.34 0.16 3%
CINDE X X -4.03 0.34 1%
EMPCHG Y 0.13 0.21 53%
GROCERY YA 0.05 0.43 91%
HEALTH VA 0.32 0.32 32%
HOTEL Z 0.00 0.51 99%
HV_INFO X 1.06 0.32 1%
MIS CCOM Z 0.33 0.32 30%
OFFICE yA 0.40 0.26 13%
OWN Y 1.34 0.26 1%
PERS ONL Z 0.40 0.32 20%
PGE_INFO X 0.73 0.29 1%
RESTR Z -0.05 0.37 88%
RETAIL Z 0.01 0.31 97%
SCHOOL Z 0.19 0.37 60%
SEADD Y 1.07 0.26 1%
SHTLEASE Y 0.31 0.31 31%
SQFEET Y 2.81E-07 4.20E-07 50%
TENACT Y 0.82 0.28 1%
WARE Z -0.08 0.40 83%

The estimated probabilities for different customer groups are given in Exhibit 3-37. HVAC
Program participants have a higher probability of making an equipment purchase than those
who made no purchase. However, the probability is still somewhat low at 27 percent. This is
likely a result of the small number of rebated purchases included in the model. There were
only a total of 58 such purchases included in the model. This restricted sample size reduces the
reliability of the results. Those that did not make any purchases have a low estimated
probability of purchasing high-efficiency equipment at 0.10.

The probability of making a CAC equipment purchase in absence of the program is calculated
by removing the effect of the HVAC Program from the purchase decision model. This is done
by setting AWARE, HV_INFO and PGE_INFO equal to zero and setting CINDEX equal to one
to reflect the absence of a rebate. The probability of making a CAC purchase is then
recalculated using the logistic density function given above. All other variable values remain
the same, as they are not expected to change in absence of the program.

The new probabilities of a high-efficiency purchase in the absence of the HVAC Program are
also given in Exhibit 3-37. In the absence of the HVAC Program, the probability of participants
purchasing HVAC equipment drops from 0.27 to 0.12. This result suggests that the HVAC

-
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program has a measurable effect on participants’ liklihood of making a purchase. As we would
expect, the effect of the program on nonparticipants’” purchase probability is more minor.
Among those purchasing high-efficiency CAC equipment outside the program, removing the
program effects decreases the purchase probability from 0.27 to 0.22.

Exhibit 3-37
Estimated Purchase Probabilities

With Without
Customer Group Program Program
No Purchase 0.10 0.09
Participants 0.27 0.12
Purchase HE Outside
Program

0.27 0.22
Purchase Std
E fficiency 0.26 0.23

Stage 2 -- Equipment Choice Model Specification

The second stage of the model is devoted to estimating the probability that a specific CAC
equipment option (i.e. high efficiency or standard efficiency) is chosen given that the decision
to purchase CAC equipment has already been made. This second stage of the model is
specified as a conditional logit and is described below.

A conditional logit specification is used to model the equipment choice decision given that the
decision has already been made to purchase CAC equipment. The choice set for the equipment
choice model contains two different options: high-efficiency single and split AC units, and
standard efficiency single and split AC units. As discussed earlier, in previous years
evaporative coolers were included as a third equipment choice. However, the data this year
would not support a separate category. There was only 1 participant in the sample that had
made an evaporative cooler adoption through the program. High-efficiency split and single
AC units, and standard efficiency single and split AC units were selected for the model as they
comprised a large portion of the purchases made inside and outside the program and were
judged to be reasonable substitute technologies. In the logit model, customers are given a value
of one for the dependent variable for the option they actually chose and a zero for the
remaining nonchosen alternative.

The conditional logit model specification for equipment choice is:

EQUIPMENT CHOICE = ’AWARE + + p’HV_INFO + B'PGE_INFO +B'PREDISP + 3'SQFEET
+ B'CINDEX + B'SAVINGS + £ f’BLDTYPE + ¢




Where
AWARE = Awareness of the retrofit program
HV_INFO = Respondent was made aware by HVAC contractor prior to purchase
PGE_INFO = Respondent was made aware by a PG&E representative prior to purchase
PREDISP = Predisposition towards high-efficiency equipment
SQFEET = Square footage of the facility
CINDEX = (Incremental Cost — Rebate) / Incremental Cost
SAVINGS = Annual dollar amount of electricity savings expected from equipment
BLDTYPE = Vector of dummy variables indicating building type
€ = Random error term assumed logistically distributed.

The explanatory variables used in the equipment choice model are described in Exhibit 3-38. In
this stage of the model, a customer is considered aware of the program (AWARE = 1) if he became
aware of the program before or at the same time they selected the HVAC equipment. This is
slightly different from the definition of awareness used in the purchase model, where a customer
is coded as aware only if they became aware before they start shopping for HVAC equipment.
Awareness is redefined in the equipment choice model since, although program awareness does
not encourage all customers to make a purchase, it will tend to influence more people to purchase
high-efficiency if they are aware of the program at the time they make the purchase. This
modified definition of aware is applied to the other awareness variables: HV_INFO and
PGE_INFO. That is, HV_INFO was given a value of one if the respondent was aware of the
program at the time new HVAC equipment was purchased and received program information
from their HVAC contractor. PGE_INFO takes a value of one if the respondent was similarly
aware, and was informed of the program by their PG&E representative.
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Exhibit 3-38
Equipment Choice Model Variable Definitions

Variable

Name Units Description
AWARE 0,1 Aware of program at time of purchase
CINDEX ratio  (Incremental Cost-Rebate)/Incremental Cost
GROCERY 0,1 Grocery
HEALTH 0,1  Health Care Building
HOTEL 0,1 Hotel
HV_INFO 0,1 Made aware of program by HVAC contractor
MISCCOM 0,1  Miscellaneous commercial building
OFFICE 0,1 Office building
PERSONL 0,1 Personal services building
PGE_INFO 0,1 Made aware of program by PG&E representative
PREDISP 0,1 Predisposition to buying high efficiency
RESTR 0,1 Restaurant
RETAIL 0,1 Retail building
SCHOOL 0,1 School
SAVINGS dollars  Expected dollar amount of electricity savings
SQFEET Square ft. Square footage of facility
WARE 0,1 Warehouse

A characteristic of the conditional logit specification is that variables that do not vary over
choices will drop out of the model.> For instance, firmographic variables such as size do not
vary across the equipment options and therefore cannot be included in the model. One way to
avoid this problem is to interact firmographic variables with choice specific dummy variables.
This method is used in this application to allow for firm specific variables such as size, building
type, and program awareness to influence equipment choice. All of the variables except
CINDEX and SAVINGS are interacted with a dummy variable for the high efficiency
equipment options. As a result, these variables have positive values for two of the three choices
and values of zero for the standard efficiency option.

For those that purchased high-efficiency HVAC within the retrofit program, survey
information was available that helped identify those customers that might be predisposed to
purchasing high-efficiency equipment even if the program did not exist. For those customers
that indicated that they would have installed high-efficiency HVAC even if the program had
not existed, the variable PREDISP has a value of one, otherwise PREDISP has a value of zero.

As in the purchase model, cost and rebate information is combined into one variable called
CINDEX. As before, CINDEX is determined by calculating the fraction of the incremental cost
that the customer must pay for equipment installation after any rebate has been paid. For those

15 For a fuller explanation of the conditional logit model and its properties, see Greene (1990) pp- 699-703.

Quantum Consulting Inc. 3-78 _ Methodology




that are unaware of the retrofit program and for standard equipment options not covered by
the program, CINDEX has a value of one.

Estimation of Cost, Savings, and Rebates

A requirement of the conditional logit specification is that information must be included in the
model for all of the choices in the choice set and not just for the option that is actually selected.
As a result, data on equipment characteristics is needed for the nonchosen equipment
alternative as well as for the equipment option actually chosen. How this information is
calculated for nonchosen equipment alternative is described below.

For those customers that installed high-efficiency equipment within the HVAC Program, the
incremental cost is calculated for the equipment purchased. This is referred to as the calculated
incremental cost in the discussion below. Along with the calculated incremental cost, savings
are calculated using the impact estimate from the MDSS. Rebate amount is also taken from the
MDSS.

Incremental costs and savings are also calculated for high-efficiency equipment purchased
outside the HVAC Program. Incremental costs and savings are determined using survey
information and per unit cost and savings information from the Advice Filings. The per unit
incremental cost is multiplied by the number of reported units installed to determine the total
incremental cost of the HVAC retrofit. Energy savings are calculated by multiplying the annual
energy savings for that technology as given in the Advice Filings by the electricity rate and the
number of units installed as reported in the survey.

For those outside the program that reported installing high-efficiency equipment, the
equipment is assigned an efficiency rating based on the minimum EER rating required for the
program for that technology. Equipment capacity is estimated based on the square footage of
the facility. For those that installed standard efficiency equipment, the incremental cost,
savings, and rebate values are all set to zero.

For the nonchosen equipment options, cost, savings, and rebate information is assigned based
on available data in the MDSS and customer surveys. For each of the HVAC equipment
options, the cost per square foot is determined from those who reported installing the
technology. Based on these customers, the median incremental cost per square foot is
calculated for each technology. Finally, an incremental cost for each nonadopted technology is
estimated by multiplying the square footage of the site by the median cost per square foot for
that technology. The estimated savings for nonadopted technologies are estimated in a similar
manner using the median savings per square foot based on those who reported installing the
technology.

To calibrate these estimates, the incremental cost for the equipment actually chosen by the
customer is estimated using the method described above. The estimated incremental cost is
then compared with the calculated incremental cost for participants. The ratio of the estimated
incremental costs to the calculated costs is used as an adjustment factor for the estimated costs
and savings for all nonchosen equipment alternatives for that customer. In the event that the
calculated incremental cost is greater than the total installation cost reported in the MDSS, the
calculated incremental cost is multiplied by the average ratio of the incremental cost to reported
installation cost for that technology based on installations found in the MDSS.
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Expected rebate amounts are determined using a similar method. The average ratio of rebate to
the calculated incremental cost is calculated for program participants. To get an estimated
rebate for those that did not choose the technology, the rebate-to-cost ratio for the technology is
multiplied by the estimated incremental cost to get the expected rebate associated with the
installation of that equipment option. If a person was unaware of the program, the expected
rebate amount is automatically set to zero for all equipment options. The costs, savings, and
rebate calculations are summarized below.

Actual Equipment Option Chosen - In Program: Incremental costs and savings are calculated
using the reported capacity, efficiency, and number of units installed as reported in the MDSS.
Rebate amount is also taken from the MDSS.

| Actual Equipment Option Chosen — Outside Program: Incremental costs and savings are
! calculated using estimated capacity based on square footage and per unit costs and savings
| information from the Advice Filings.

! Non Chosen Equipment Alternatives: Incremental costs are estimated by multiplying the

square footage of the facility by the median cost per square foot from the MDSS associated with
| that technology. Savings are assigned using the same method. Rebate amount is determined
| by multiplying the expected cost of the technology by the rebate-to-cost ratio for that
| technology. For those unaware of the retrofit program, rebate is set to zero for all program
| qualifying equipment options.

Equipment Choice Model Estimation Results

| The estimation results for the equipment choice model are given in Exhibit 3-39. The coefficient
‘ estimates for CINDEX and SAVINGS are contrary to a priori expectations. The coefficient

estimate on CINDEX is positive and the coefficient estimate for SAVINGS is negative. These
results suggest that greater rebate and savings values reduce the attractiveness of an equipment
option. This counter-intuitive result is questionable and likely a result of an insufficient sample
of participants,
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Exhibit 3-39
Equipment Choice Model Estimation Results

Variable Coefficient Standard  Significance

Name Estimate Error Level
AWARE 1.29 0.59 3%
CINDE X 0.86 0.50 8%
GROCERY 0.23 0.67 73%
HEALTH 0.67 0.52 20%
HOTEL -0.45 1.00 65%
HV_INFO 2.62 0.89 1%
MIS COM -1.27 0.52 1%
OFFICE -0.68 0.36 6%
PREDISP 2.04 0.49 1%
PGE _INFO 0.22 0.55 69%
RETAIL -0.63 0.45 16%
RESTR 0.61 0.64 34%
SAVINGS -5.99E-04 2.74E-04 3%
S CHOOL 0.79 0.62 20%
SQFEET 4.59E -06 2.90E-06 11%
WARE -3.09 1.37 2%

The remaining variables are all interacted with a dummy variable indicating a high-efficiency
equipment option. The coefficient estimate on AWARE is positive and significant, indicating
that those that are aware of the retrofit program are more likely to purchase high-efficiency
equipment. Further, both HV_INFO and PGE_INFO are positive, indicating the effect of
awareness is greater for those who were made aware of the program through either their
HVAC contrator or their PG&E representative.

Similarly, the coefficient estimate on PREDISP is positive, indicating that those identified as
predisposed to purchasing high-efficiency do in fact tend to choose high-efficiency equipment.
SQFEET is the square footage of the facility interacted with a dummy variable for the high-
efficiency equipment options. Here, the result is counter-intuitive. The coefficient estimate on
SQFEET is negative (although small in magnitude), mdlcatmg a greater tendency for smaller
buildings to purchase high efficiency equipment.

The remaining variables indicate business type. Of these, GROCERY, HEALTH, SCHOOL, and
RESTR (restaurant) have positive coefficient estimates. Of all the business types, only WARE
(warehouse) is statistically significant at the 95 percent confidence level.

Using the coefficient estimates from the purchase model, the probability of choosing any
particular equipment option is calculated. Using the conditional logit density function, the
probability of selecting equipment option j is given by:

P =exp(fX)/ Zexp(fX)
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where B’X. is the product of the variables and coefficient estimates used in the equipment
choice model for equipment option j and the denominator is the sum of B’X across both
equipment options in the choice set.

As is done with the purchase probability, the equipment choice probability is calculated both
with and in absence of the program. To simulate the absence of the program, AWARE is set to
zero and CINDEX is set to one for both of the CAC equipment options. For participants, the
probability of purchasing high-efficiency equipment is 0.86 with the program and falls to 0.51
without the program. This suggests that the HVAC Program is having a significant effect on
high-efficiency CAC equipment purchases.

Net-to-Gross Calculation

Once both the purchase probability and the equipment choice probability are estimated, the
two probabilities are multiplied together to determine the total probability that a purchase is
made and that an individual equipment option is selected. This total probability is calculated
twice. First, the total probability is calculated using the original values for the program
variables AWARE, HV_INFO, PGE_INFO and CINDEX. This gives the total probability with
the existence of the program. Next, the total probability is calculated in absence of the
program. This is done by setting the awareness variables to zero and CINDEX equal to one to
reflect the absence of rebates. While the awareness variables are set to zero, PREDISP retains its
original value since this variable captures the effect of those that are predisposed to high-
efficiency equipment and who would likely purchase the equipment even if the HVAC
Program did not exist.

The estimated impacts are weighted up to the population based on participation. Participants
are weighted to reflect the HVAC Program participation population in the MDSS.
Nonparticipants are assigned weights based on the nonparticipant population represented in
the sample. For those that reported making a CAC purchase since January of 1997, the weight
was scaled down to reflect the portion of those adoptions which would have occurred during
the pre-1998 program year carry-over. To estimate this portion a constant adoption rate over
the 2 and % year period was assumed. That is, the 12 months of 1998 were divided by the 30
months spanning the period over which reported adoptions took place, which results in 40
percent. This percentage is used to adjust the nonparticipant weight. Finally, those that
reported purchasing lighting outside the program since 1997 and receiving a rebate from PG&E
were given a weight of zero since these impacts were already counted toward a program other
than the Pre-1998 HVAC Program Carry-Over.

To calculate expected impacts, the total probability of making a purchase with the program is
multiplied by the gross impact associated with the technology. Please recall there is only one
high efficiency equipment option, which is high efficiency split and packaged central air
conditioners (CAC). The calculation is given by:

EXPECTED IMPACT" = P*™*IMPACT
Where P" = Total probability of choosing

IMPACT = One year impact associated with high efficiency CAC equipment.
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The expected impact without the program is calculated in the same manner using the total
probability in absence of the program:

EXPECTED IMPACT"’ = £ P**IMPACT

Where P"° = Total probability of choosing high efficiency CAC equipment option with the
program.

The net impact associated with the program is simply the difference in expected impacts with
and without the program:

NET IMPACT = EXPECTED IMPACT" - EXPECTED IMPACT"
The net-to-gross ratio is then the net impact divided by the expected impact with the program:
NTG = NET IMPACT / EXPECTED IMPACT

The contributions to net made by participants (less free ridership), and through participant and
nonparticipant spillover, can all be calculated separately using the two stage model.

For rebated participant actions, net impacts are calculated using the same method shown above:
NET IMPACT, = EXPECTED IMPACT" - EXPECTED IMPACT"",
For actions done outside the program, net impacts are calculated as:

NET IMPACT, ,, = EXPECTED IMPACT", ., - EXPECTED IMPACT"®, ,,

P_SP

NET IMPACT,, ., = EXPECTED IMPACT", ., - EXPECTED IMPACT"®

NP_SP NP_SP NP_SP

Spillover is broken out into participant spillover (P_SP), which reflects actions done by current
program participants outside the program, and nonparticipant spillover (NP_SP). The net
impact for actions done outside the program is then incorporated into the net-to-gross
calculations:

NTG = (NET IMPACT, + NET IMPACT, ., + NET IMPACT,, ;) / EXPECTED IMPACT",

Using the above formulas, the net-to-gross ratio is calculated for high efficiency CACs. The
net-to-gross ratios for split and packaged CACs are shown in Exhibit 3-40. While the free
ridership rate of 20.6 percent is within reasonable bounds, the participant and nonparticipant
spillover rates are unusually high. There were 31 participants surveyed, who made 58 high
efficiency CAC adoptions through the program in 1998. These same 31 participants made 22
high efficiency CAC adoptions outside the program, of which 20 contributed to participant
spillover. Among nonparticipants, there were 79 high efficiency CAC adoptions. Of these,
14 contributed to nonparticipant spillover. However, the weight assigned to these
nonparticipant adoptions is much greater than the participant adoptions due to the
difference in the population sizes. With these statistics in mind, the results presented in
Exhibit 3-40 below are reasonable and consistent with the data.
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Exhibit 3-40
Estimated NTG Ratios for Split and Packaged Central Air Conditioners

Split/Packaged CAC

1-FR 79.42%
Participant Spillover 19.88%
Nonparticipant Spillover 58.94%
NTG 158.24%

3.4.4 Final Net-to-Gross Ratios

As discussed above, three separate models were implemented to estimate the components of
the net-to-gross ratio (free ridership and spillover). The first approach relied on a net billing
regression analysis model and applied the double inverse Mills ratio methodology, which
resulted in estimates of free ridership only. The second method used self-reported estimates of
free ridership, participant spillover, and nonparticipant spillover. The final approach relied on
a two-stage discrete choice model to estimate free ridership, participant spillover, and
nonparticipant spillover for the CAC technology group only.

Given sufficient data to support the analysis, the most sophisticated and preferred of the three
approaches is the two-stage discrete choice model. For the Pre-1998 HVAC Program Carry-
Over, however, the small available participant sample renders the discrete choice result
unreliable. The Mills ratios are run on a further reduced set of the data due to the censoring of
customer billing data, and also lack the estimate of spillover. Given these circumstances, the
self-report values provide the most comprehensive and accurate results of the three
approaches.

Exhibit 3-41 presents the results of each model, by business type, and for the total program.
Results (both within business type and overall) are weighted by the ex-post gross energy
impacts. The exhibit illustrates the total net-to-gross ratio, as well as the two primary
components, free ridership and spillover. For the Mills ratio methodology, only free ridership
is presented, as discussed above.

A comparison of the three models shows that the discrete choice results are not generally
supported by the other approaches. The results can only be compared for the CAC technology
group, where a discrete choice result was obtained. The rate of spillover for the CAC category
is significantly higher compared the self-report technique, and free ridership is significantly
lower. Overall, self report techniques yield a lower overall net to gross ratio for CACs. The
impact on the total net to gross ratio of implementing the discrete choice results is minor. The
total net to gross ratios calculated with self-report techniques are within one percent of those
calculated using discrete choice results. This is true for the Retrofit Express Program, as well as
all programs combined.

As mentioned above, the free ridership estimates using the Mills approach provide significantly
higher estimates of net participation. This in part due to the large net estimates for custom
measures.
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Exhibit 3-41
Comparison of Net-to-Gross Ratios

Discrete Choice Model Self Report Mills

Program and Technology Group NTG 1-FR Spill NTG 1-FR Spill 1-FR
Retrofit  Central A/C 1.58 0.79 0.79 0.59 0.45 0.14 0.95
Express  Adjustable Speed Drives - - - 0.73 0.59 0.14 1.03
Package Terminal A/C - - - 1.04 0.90 0.14 1.03

Set-Back Thermostat - - - 0.70 0.56 0.14 1.03

Reflective Window Film - - - 0.36 0.22 0.14 1.03

Water Chillers - - - 0.90 0.76 0.14 0.91

Other HVAC Technologies . - - - 0.14 0.00 0.14 1.03

Retrofit Express Program Total 0.80 0.55 0.25 0.63 0.49 0.14 1.01

REO Adjustable Speed Drives - - - 0.73 0.59 0.14 1.03
Water Chillers - - - 0.90 0.76 0.14 0.91

Cooling Towers - - - 0.90 0.76 0.14 0.91

High Efficient Gas Boilers - - - 0.90 0.76 0.14 0.91

Retrofit Efficiency Options Program Total 0.86 0.72 0.14 0.86 0.72 0.14 0.94

APO Water Chillers - - - 0.90 0.76 0.14 0.94
Customized EMS - - - 0.90 0.76 0.14 0.91
Customized Controls - - - 0.90 0.76 0.14 0.91

Convert To VAV - - - 0.90 0.76 0.14 0.91

Other Customized Equip - - - 0.90 0.76 0.14 0.91

Other HVAC Technologies - - - 0.90 0.76 0.14 0.91

Advanced Performance Options Program Total 0.90 0.76 0.14 0.90 0.76 0.14 0.91

Total 0.89 0.74 0.15 0.88 0.74 0.14 0.91

Final NTG

The resulting net-to-gross ratios that were applied to the gross ex-post impacts are based on the
self report model. The self report estimates are considered to be the most accurate. The discrete
choice estimate for the CAC technology group was not supported by either the mills ratio or the
self report results, and was conducted on a small sample participants. To be conservative and
consistent, the self-report estimates of NTG were applied to all of the HVAC technology
segments. Also, the CADMAC has approved a waiver that allows the use of self-report based
algorithms to estimate free ridership and spillover effects in the event discrete choice and LIRM
models fail to produce statistically reliable results. (The approved waiver is presented in
Attachment 5.)

For all technology groups, the Mills results are significantly larger than the estimates of (1-FR)
derived in the self-report model. Additionally, the self-report method was conducted at a finer
level of segmentation, and was thus selected over the Mills results. This is consistent with the
most conservative approach.

Overall program net-to-gross ratios are presented, weighted across business type by ex-post
gross energy, demand and therm savings, respectively, in Exhibit 3-42.
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Exhibit 3-42

Final Net-to-Gross Ratios

Self Report Model

Program and Technology Group NTG 1-FR Spill
Retrofit Central A/C 0.59 0.45 0.14
Express Adjustable S peed Drives 0.73 0.59 0.14
Package Terminal A/C 1.04 0.90 0.14
Set-Back Thermostat 0.70 0.56 0.14
Reflective Window Film 0.36 0.22 0.14
Water Chillers 0.90 0.76 0.14
Other HVAC Technologies 0.14 - 0.14
Retrofit Express Program Total 0.63 0.49 0.14
REO Adjustable Speed Drives 0.73 0.59 0.14
Water Chillers 0.90 0.76 0.14
Cooling Towers 0.90 0.76 0.14

High E fficient Gas Boilers - - -
Retrofit Efficiency Options Program Total 0.86 0.72 0.14
APO Adjustable Speed Drives 0.90 0.76 0.14
Water Chillers 0.90 0.76 0.14
Customized EMS 0.90 0.76 0.14
Convert To VAV 0.90 0.76 0.14
Other Customized E quip 0.90 0.76 0.14
Other HVAC Technologies 0.90 0.76 0.14
Advanced Performance Options Program Total 0.90 0.76 0.14
Totals Weighted by:

Energy 0.88 0.74 0.14
Demand 0.77 0.63 0.14
Therm 0.88 0.74 0.14
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4. EVALUATION RESULTS

This section contains the results of the HVAC Evaluation, beginning with ex post gross impacts,
then presenting the net-to-gross (NTG) adjustments, and concluding with the program
realization rates (ratio of ex post evaluation findings to the ex ante program design estimates),
for both gross and net impacts. Explanation surrounding the differences between the ex ante -
and ex post estimates are discussed in the presentation of program realization rates.

Where segment analysis could be supported, results are presented by technology group and
business type. All results are segmented by program: Retrofit Express (RE), Retrofit Efficiency
Options (REO), and Advanced Performance Options (APO). All results are aggregated to the
total commercial sector.

4.1 EX POST GROSS IMPACT RESULTS

Ex post gross energy and demand impacts for the RE, REO, and APO programs for HVAC
applications, are presented in Exhibits 4-1 and 4-2, respectively. The ex post gross energy and
demand impacts by PG&E costing period are provided in Attachment 3. Attachment 3 also
provides all of the results tables in this section (as well as the ex ante impacts, not included in
the main body of this report), in a larger, more readable format.

Exhibit 4-1
Ex Post Gross Energy Impacts
By Business Type and Technology Group
For Commercial HVAC Applications

g - ¢ z g | & g
w g 2 E § g 2 -é Tg lg
3 £ 8 Pl 8 % s | B8 E | &
Program and Technology Group 5 E S = Iel S 3 £ = o S 3 Total
Retrofit {Central A/C 79,745 13,428 7.841 7,612 - 31,793 | 34,422 1,858 - 17,348 46,775 7,526 248,348
Express {Adjustable Speed Drives 384,010 - - - - - . - - 178,701 | 156,031 - 718,742
Package Terminal A/C 2,765 - - 861 - 8,040 - 28,257 - - - 39,923
Set-Back Th 31,457 16,304 - 50,861 - 6,661 - - - 7,804 40,673 | 6,290 160,051
Reflective Window Film 131,560 - 3,969 - - 2,675 87,054 - 17,387 | 15,606 3.647 - 261,899
Water Chillers - - - - - - - 17,278 - 17,278
Other HVAC Technologies - - - - 47,754 - - - - - - - 47,754
Retrofit Express Program Tota! 629,536 | 29,732 11,810 | 59,334 {47,754 | 49,170 | 121,477 | 30,115 | 17,387 | 219,459 | 264,404 | 13,817 ] 1,493,995
‘Ton Adjustable Speed Drives 306,617 - . - . - - - . . - B 306,617
Water Chillers 45,363 - 61,872 89,065 - - - - - - 60,560 - 256,860
Cooling Towers - 27,929 18,254 - - 79,723 - - - 10,588 - 136,494
High Efficiency Gas Boilers - - - - - - - - - - - - ]
Retrofit Eﬁienq Options Program Total 351,980 0 89,801 107,318 0 [ 79,723 0 V] [ 71,148 []] 699,971
IAPO Water Chillers 1,132,270 - - - 469,979 - - 1,158,705] 2,255,108 - 5,016,062
Customized EMS 58,275 - 285.376 . 972,785 - 1,316,436
Customized Controls 598,318 - - 83,196 - 681,514
Convert To VAV 402,303 | 27,081 - - - - - - 429,384
Other Customized Equip 1,044,029 - 1,099,595 - - - - 815,300 - - 2,958,924
Other HVAC Technologies 231,740 - - - - - - - - - 831,945 - 1,063,685
Advanced Performance Options Program Total | 3,466,934 | 27,081 |1,384,971 0 0 0 553,175 { 815,300 Q 2,131,490/ 3,087,053 0 11,466,005
Total 4,448,450 | 56,814 |1,486,582] 166,653 | 47,754 | 49,170 | 754,376 | 845,415 | 17,387 {2,150,949]3,422,605] 13,817 || 13,659,972

As shown in Exhibits 4-1 and 4-2, the APO program technologies represent approximately 84
percent of total energy and 76 percent of demand impacts. The RE and REO programs
represent 11 percent and 5 percent of the energy impacts, respectively. These two programs
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represent about 12 percent of the total demand impacts each. By business segment, offices
represent about one-third of overall energy impacts, and 40 percent of demand impacts.

Water Chillers which were offered through all three programs, contributed more to energy
impacts than any other technology, with about 39 percent of the total. “Other Customized
Equipment” installed under the APO program (including heat exchangers, VFDs, chiller and
boiler replacements, controls, etc.) was the second largest contributor, having a total program
impact representing about 22 percent of the total. Other technologies with relatively large
shares of the impact were “Customized Energy Management Systems (EMS)” installed under
the APO program, and “Other HVAC Technologies, “also installed under the APO program.
These technology groups represent 9 and 8 percent of total program energy impacts,
respectively.

Exhibit 4-2
Ex Post Gross Demand Impacts
By Business Type and Technology Group
For Commercial HVAC Applications

2 o - g v
= = 5 g 8 A g
3 _ g © b 3 = 2
s | £ 288|328 | E| g
Program and Technology Group % i S 5 vl g £ 1 3 & 3 s Total
Retrofit |Central AIC 58 16 9 1Al 18 20 1 " 27 3 174
Express |Adjustable Speed Drives 69 - - - - 36 15 - 119
Package Terminal A/C 2 1 3 29 - - 34
Set-Back Thermostat - - - - - - - - - - - - 0
Reflective Window Film 23 - 0.3 - - 0.3 16 2 1 1 - 44
Water Chillers - - - - - - - - - - 14 - 14
Other HVAC Technologies - - - - 18 - - - - - - - 18
Retrofit Express Program Total 151 16 9 12 18 21 36 30 2 48 36 3 403
REQ Adjustable Speed Drives 76 - - - - - - - - - - - 76
Water Chillers 36 - 80 96 - - - - - - 48 - 260
Coaling Towers - - 43 22 - - 32 - - - 11 - 106
High Efficiency Gas Boilers - - - . - - - - . . - 0
Retrofit Erf‘iciency Options Program Tota! 112 0 123 17 0 0 32 0 0 0 59 0 442
IAPO Water Chillers 864 - - - - - 200 - - 99 542 - 1,705
Customized EMS 99 - - - - - - - - - - - 99
Customized Controls 73 - - - - - - - - - - - 73
Convert To VAV 65 35 - - - - - - - - - - 100
Other Customized Equip 117 - 300 - - - - 83 - - 500
Other HVAC Technologies - - - - - - - - - - 216 - 216
Advanced Performance Options Program Total || 1,217 35 300 [\] 0 0 200 83 [ 99 758 0 2,692
Total 1,481 51 431 129 18 21 268 113 2 147 873 3 3,538

Water Chillers contributed more to demand impacts than any other technology by far, with
about 56 percent of the total. “Other Customized Equipment” installed under the APO
program, had the second highest impact relative to other technology groups, with 14 percent.

Therm impacts associated with the installation of HVAC technologies paid in 1998 are
presented next in Exhibit 4-3.

Gross therm impacts are associated only with program participants who have gas heating.
Since accurate fuel type/heating equipment saturation data were not available for program
participants in such RE measures as programmable thermostats and reflective window film
(which would presumably have negative therm impacts), ex post therm impacts were
calculated only for those segments for which ex ante therm impacts were estimated.
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Exhibit 4-3
Ex Post Gross Therm Impacts
By Business Type and Technology Group
For Commercial HVAC Applications

2 - 4 “
5 ® 2 g ] & $
g = g g s 3 = a
@ - o ° o 3 £ = 5 13 € R
g1 8| £| 2 gl 23512 £ g £ g
Program and Technoloyy Group ol & S 3 3 & T 5 2 g S s Total
Retrofit  [Central A/C - - - - - R N 0
Express  |Adjustable Speed Drives 0
Package Terminal A/C 0
Set-Back Thermostat 0
Reflective Window Film 0
Water Chillers 0
Other HVAC Technologies - - - - - - - - - - - - 0
Retrofit Express Program Total 0 0 0 0 0 0 0 0 0 1] 0 [} Q
REC Adjustable Speed Drives 0
Water Chillers 0
Cooling Towers - - - - - - - - 0
High Efficiency Gas Boilers - - - - - - - - - 2,507 - - 2,507
Retrofit Efﬁciencz Options Program Total 0 0 0 0 0 0 0 0 0 2,507 0 0 2,507
APO Water Chillers - - 89,512 - 89,512
Customized EMS - - 26,768 - - - - . - . - . 26,768
Customized Controls 48,028 - - - - - 8,545 - - - - - 56,573
Convert To VAV - - - . - - - . < N 0
Other Customized Equip 77,029 - 183,758 - - - - - - - - - 260,787
Other HVAC Technologies - - - - - - - - - - 53,534 - 53,534
Advanced Performance Options Program Total {125,057 [ 210,526 0 0 0 8,545 [1] 0 0 143,046 0 487,174
Total 125,057 0 210,526 0 Q 0 8,545 ] 0 2,507 ]143,046 0 489,681

Therm impacts were estimated for twelve APO applicants, mostly with EMS and system
conversions from constant volume to variable air volume using VFDs. These measures were
found in the office, community service, college/university, and health care/hospital business

types.
4.2 NET-TO-GRQOSS ADJUSTMENTS

The NTG results are designed to account for all of the market effects (free-ridership, participant
spillover, and nonparticipant spillover) by measure. Exhibit 4-4 presents the NTG values by
business type, separating out the effects of free ridership and spillover (note that due to
rounding, values may not sum properly). Also shown are the overall program level NTG
results, weighted across business type by the ex-post gross energy, demand and therm savings.

For this HVAC Evaluation, the results from the self report analysis were used. Refer to Section
3.4, Net-to-Gross Analysis for additional information surrounding the decision-making process.
The overall NTG ratio was 0.87 based on both energy and demand savings, and 0.90 based on
therm savings. Spillover was approximately 14 percent, overall. Finally, free-ridership was 27
percent based on energy and demand savings, and 24 percent based on therm savings. This
variation is due to the distribution of ex-post energy, demand and therm savings across
technologies.
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Exhibit 4-4
NTG Adjustments by Program and Technology Group

Self Report Model
Program and Technology Group NTG 1-FR Spill
Retrofit Central A/C 0.59 0.45 0.14
Express Adjustable Speed Drives 0.73 0.59 0.14
Package Terminal A/C 1.04 0.90 0.14
Set-Back Thermostat 0.70 0.56 0.14
Reflective Window Film 0.36 0.22 0.14
Water Chillers 0.90 0.76 0.14
Other HVAC Technologies 0.14 0.00 0.14
Retrofit Express Program Total 0.63 0.49 0.14
REO Adjustable Speed Drives 0.73 0.59 0.14
Water Chillers 0.90 0.76 0.14
Cooling Towers 0.90 0.76 0.14
High Efficient Gas Boilers 0.90 0.76 0.14
Retrofit Efficiency Options Program Total 0.86 0.72 0.14
APO Water Chillers 0.90 0.76 0.14
Customized EMS 0.90 0.76 0.14
Customized Controls 0.90 0.76 0.14
Convert To VAV 0.90 0.76 0.14
Other Customized Equip 0.90 0.76 0.14
Other HVAC Technologies 0.90 0.76 0.14
Advanced Performance Options Program Total 0.90 0.76 0.14
Totals Weighted by:
Energy 0.87 0.73 0.14
Demand 0.87 0.73 0.14
Therm 0.90 0.76 0.14

4.3  EX POST NET IMPACTS

Exhibits 4-5, 4-6, and 4-7 present the ex post net energy, demand, and therm HVAC impacts for
the RE, REO and APO programs. These exhibits show reductions of 16 percent in ex post
program energy impacts and 20 percent in ex post program demand impacts (when compared
to Exhibits 4-1 and 4-2), as a result of the application of the NTG adjustments presented in
Exhibit 4-4.

The measures that contributed the majority of gross demand and energy savings provide the
largest net impacts as well. These measures, which include Water Chillers and Other
Customized Equipment, and Customized EMS measures installed through the APO program all
had relatively high net-to-gross ratios, at 90 percent.
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By Business Type and Technology Group

Exhibit 4-5

Ex Post Net Energy Impacts

For Commercial HVAC Applications

2 [ B % g g |
H _ [ & [y g 3 z A |
& 3 ky g gl 2| 3 T || ¢ £ g |
Program and Technology Group 8 § S kY S :'? i T 3 g S b Total |
Retrofit [Central AZC 46,939 7,904 4,615 4,480 - 18,714 20,262 1,094 - 10,211 27,533 4,430 146,182 ‘
Express [Adjustable Speed Drives 281,563 - - - - - - 131,027 | 114,404 - 526,994 i
Package Terminal AIC 2,864 - 892 8,328 29,270 - - - 41,353
Set-Back Thermostat 22,024 | 11,415 35,609 4,664 . . . 5,464 | 28,476 | 4,404 | 112,055 |
Reflective Window Film 47,423 - 1,41 . 964 31,380 - 6,267 5,625 1,315 - 94,406
Water Chillers . . . . . B - 15,585 15,585
Other HVAC Technologies - - . . 6,691 - - - - - - 6,691
Retrofit Express Program Total 400,812 19,319 6,046 40,981 6,691 | 32,670 | 51,642 30,363 6,267 152,328 | 187,313 | 8,834 943,267
REO  |Adjustable Speed Drives 224,817 . 3 . . . g g . . B B 224,817
Wwater Chillers 40,918 35,810 80,338 - 54,626 231,692
Cooling Towers - 25,193 | 16,465 71,912 - B 9,550 123,120
High Efficiency Gas Boilers - - - - - - - - - - - - 0
Retrofit Efficiency Options Program Total 265,735 0 81,002 96,803 0 0 71,912 0 0 0 64,177 0 579,629
IAPO Water Chillers 1,021,327 - - 423,929 - 1,045,173] 2,034,148 4,524,577
Customized EMS 52,565 - 257,414 - 877,469 - 1,187,448
Customized Controls 539,693 - - 75,045 - 614,738
Convert To VAV 362,884 24,428 - - - - 387,312
Other Customized Equip 941,733 - 991,654 - 735,415 - - 2,669,002
Other HVAC Technologies 209,034 - - - - - - - - - 750,429 - 959,463
Advanced Perfermance Options Program Total || 3,127,236 | 24,428 | 1,249,268 0 0 [ 498,974 | 735415 ] 1,922,642] 2,784,577 0 10,342,540
Total 3,793,784 | 43,747 ]1,336317] 137,784 } 6,691 | 32,670 ] 622,528 | 765,778 | 6,267 ]2,074,969]13,036,066] 8,834 || 11,865,436
Exhibit 4-6
Ex Post Net Demand Impacts
By Business Type and Technology Group
For Commercial HVAC Applications
2 e 3 | & | £ |
< - = 2 @
5 - I~ g 3 é’ 3 3 A
Program and Technology Group B g S é 5 g f 1::’ 2 . S 5 Total
Retrofil [Central A/IC 34 10 5 7 - 10 12 1 6 16 2 102
Express |Adjustable Speed Drives 50 - - - - - - 26 11 - 87
Package Terminal A/C 2 - - 3 - 30 - - - - 35
Set-Back Thermostat - - - - - - - - - - - - 1]
Reflective Window Film 8 - - - 0 6 - 1 1 [4] - 16
Water Chillers - - - - - - - - - - 13 - 13
Other HVAC Technologies - - - - 3 - - - - - - - 3
Retrofit Express Program Total 95 10 5 7 3 13 18 30 1 33 40 2 256
REO Adjustable Speed Drives 56 - - - - - - - - - - - 56
Water Chillers 33 - 72 86 - - - - - - 43 - 234
Cooling Towers - - 38 19 - - 28 - - - 10 - 96
High Efficiency Gas Boilers - - - - - - - - - - - - 0
Retrofit Efficiency Options Program Total 88 0 110 106 0 0 28 0 0 0 53 0 386
APO Water Chillers 779 - - - - - 180 - - 89 489 1,538
Customized EMS 89 - - - - - - - - - - - 89
Customized Controls 66 - - - - - - - - - - - 66
Convert To VAV 59 k] - - - - - - - - - - 90
Other Customized Equip 106 - 271 - - - - 75 - - - - 451
Other HVAC Technologies - - - - - - - - - -
Advanced Perdormance Options Program Total || 1,098 31 271 0 0 0 180 75 [ 89 684 0 2,429
Total 1,281 4 386 113 3 13 227 105 1 122 776 2 3,071

The net demand picture remained the same as gross. Net therm impacts, summarized in

195 - 195 |
Exhibit 4-7, differ from the gross therm impacts by only 10 percent, overall.
|
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Exhibit 4-7
Ex Post Net Therm Impacts
By Business Type and Technology Group
For Commercial HVAC Applications

z & ] © £ g
c - - 3
3 - N g 3 g 3 3 &
¢ = ¥ ] | £ 5 £ g £ ;
£ s | & | § g | ¢ : | & g 2 £ g
Program and Technology Group & g 1 8 > 3 I 5 £ 2 & S 5 Tatal
Retrofit  |Central A/C - - - - 0
Express  |Adjustable Speed Drives ¢
Package Terminat A/C 0
Set-Back Thermostat )
Reflective Window Film 0
Water Chillers 0
Other HVAC Technologies - - - - - - B R . R . . 0
etrofit Express Program Total 0 0 0 0 0 0 0 0 0 - 0 0 0 0
REO Adjustable Speed Drives - - - - - - - 0
Water Chillers 0
Cooling Towers - B . - - - - - - - - - 0
High Efficiency Gas Boilers - - - - - - - - - 2,261 - - 2,261
Retrofit Efficiency Options Program Total 0 0 0 0 0 [ 0 0 0 2,261 0 [1] 2,261
APO Water Chillers - - 80,741 - 80,741
Customized EMS - 24,145 - - - - - - 24,145
Customized Controls 43,322 - 7.707 - - - - - 51,030
Convert To VAV - - . i )
Other Customized Equip 69,482 - 165,753 - - 235,234
Other HVAC Technologies - . . . . N . . R N 48,289 N 48,289
Advanced Performance Options Program Total 112,804 0 189,898 0 0 [1] 7,707 Q 0 0 129,030 1] 439,440
Total 112,804 0 189,898 0 0 0 7,707 0 0 2,261 129,030 0 441,701

4.4  REALIZATION RATES

Exhibits 4-8 through 4-13 present the gross and net realization rates for energy, demand, and
therm impacts for the RE, REO and APO programs. Exhibit 4-14, at the end of this section,
summarizes the gross and net ex ante impacts, ex post impacts, and realization rates for the
entire HVAC Program.

4.4.1 Gross Realization Rates for Energy Impacts

The gross energy realization rates are presented in Exhibit 4-8. These values represent, by
segment, the ratio of the ex post gross impact findings to the gross ex ante estimates. These
realization rates illustrate how well the ex ante estimates predicted energy savings, before
taking into account customer behavior effects, both inside and outside the rebate programs.
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Exhibit 4-8
Gross Energy Impact Realization Rates
By Business Type and Technology Group
For Commercial HVAC Applications

2 e | g 9 ¢ g

2 AR AN R EAE

s |l = | B2l3| & = | 2| 2] 8] ¢

2 = = 2 8 o 2 E 2 € 4
Program and Technology Group 8 =a S Yy G £ § 2 S S b Total
Retrafit  |Central A/C 1.04 | 056 | 0.16 | 0.36 - 0.91 | 069 | 1.83 - 103 1 084 | 1.12 0.74
Express  |Adjustable Speed Drives 2.12 - - - - 2.37 | 296 2.33
Package Terminal A/C 1.18 - - 1.43 - 0.96 0.98 - - 0.99
Set-Back Thermostat 0.55 1.00 - 0.59 - 0.54 - - - 0.64 0.83 1.54 0.67
Reflective Window Film 1.19 - 1.19 - - 1.19 1.19 - 1.9 1.19 1.9 - 1.19
Water Chillers - - - - - - - 0.76 - 0.76
Other HVAC Technologies - - - - 1.19 - - - - - - - 1.19
Retrofit Express Program Total 1.47 0.74 0.23 0.55 1.19 0.85 0.99 1.00 1.19 1.87 1.44 1.27 1.24
REO Adjustable Speed Drives 0.82 - - - - - - - - - - - 0.82
Water Chillers 0.91 0.16 | 0.56 - - - - - - 0.29 - 0.32
Cooling Towers - - 0.17 | 0.23 - - 0.76 - - - 0.15 - 0.32
High Efficiency Gas Boilers - - - - - - - - - - - - -

Retrofit Efficiency Options Program Total 0.83 - 0.16 | 0.45 - - 0.76 - - - 0.25 - 0.44
IAPO Water Chillers 0.42 - - - - - 0.27 - - 0.76 0.76 - 0.56
Customized EMS 0.10 - Q.76 - - - - - - 0.76 - - 0.51
Custamized Controls 1.17 - - - - - 0.70 - 1.08
Convert To VAV 0.76 | 0.80 - - - - - - - - - - 0.76
Other Customized Equip 0.76 - 0.76 - - - - 0.79 - - 0.77
Other HVAC Technologies 1.00 - - - - - 0.76 - 0.80
Advanced Performance Options Program Total 0.59 | 0.80 | 0.76 - - - 025 | 079 - 0.76 | 0.76 - 0.64
Total 0.66 0.77 0.61 0.48 1.19 0.85 0.31 0.80 1.19 0.80 Q.75 1.27 0.66

Exhibit 4-8 illustrates that the ex post impacts are somewhat lower than the ex ante estimates
overall. The realization rates for the REO and APO programs are well below 1, while the RE
program realization rate is well above 1. This is due primarily to two factors. First, on-site
audits and engineering analyses of customized HVAC installations within the REO and APO
programs also uncovered lower energy impacts than predicted by ex ante estimates. Second,
the SAE analysis detected less savings than was predicted by the engineering analyses for the
REO and APO programs. At the same time, the SAE analysis detected more savings than
predicted within the RE program.

Among the technology groups, Water Chillers and “Customized Energy Management Systems
(EMS)” have the greatest impact on the overall realization rate, because they represent the
greatest portion of total energy impacts. These technology groups both had an SAE coefficient
of 0.76, and received further downward adjustments (within the APO and REO programs) due
to the results of engineering analyses, as discussed below. A relatively high realization rate was
found within the Adjustable Speed Drive technology group.

Overall, realization rate by business type and technology group vary dramatically, ranging
from 0.16 to 2.33. This variation cannot be explained by a general, sweeping statement, as the
individual results are due to a complex integration of individual ex post simplified and
calibrated engineering models, ex ante forecasts applied in the MDSS, and the results of the SAE
billing model. Explanations are provided below for specific technology and/or business type
segments that have ex post impacts that vary significantly from the ex ante values.
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Water Chillers: The water chiller realization rates differed significantly by program, ranging
from 76 percent for RE to 32 percent for REO. These differences are due to the variety of ex ante
methodologies being applied across program and chiller type. For example, the RE program
savings are based on the tonnage of the unit installed, whereas the REO program savings are
based on the square footage of the facility. The ex post estimates are based upon calibrated
engineering results and the SAE results. The engineering analysis included a careful review of
the original application calculations, an on-site audit to supplement the application information,
and revisions using a temperature bin model. The SAE adjustment was 0.76, contributing to the
relatively low overall gross realization rate results for water chillers.

Other REO and APO Measures: In general, the differences between ex post impacts and ex
ante estimates for other REO and Customized Incentives measures are due to improved
information contributing to the ex post estimates or updated calculation methods. Each REO
and APO site underwent a thorough engineering review of the application, generally
supplemented with an on-site audit to improve the application records. This yielded a
calibrated engineering estimate for each site. The interested reader can refer to the individual
application-level analyses in the attachments to this report, for any additional explanations
surrounding the realization rates reported here.

Adjustable Speed Drives: The end-use metered data for ASDs, and the calibrated engineering
models developed using the EUM results, indicate that the gross engineering estimates of
savings are two times higher than the RE program design estimates. In addition, the resulting
SAE coefficient of 1.15, also contributed to this difference

In contrast, the ex post adjustable speed drive results are fairly similar to the ex ante REO
estimates. The REO ex ante estimates were developed using a different program design
method. While the RE program design and evaluation methods rely upon the fan motor horse
power (hp), the REO program design estimates rely upon the building conditioned area served.

The evaluation applied a consistent method for determining RE, REO and APO engineering
estimates of savings (by applying an annual energy per horsepower estimate to the fan’s total
hp). It is recommended that the program design methods be applied for ASD measures using a
consistent strategy, rather than separate methods for each. For further details surrounding the
ASD estimates, refer to Section 3.2, Engineering Analysis.

4.4.2 Gross Realization Rates for Demand Impacts

Gross demand realization rates are presented next in Exhibit 4-9. These values represent, by
segment, the ratio of the ex post gross impact evaluation findings to the gross ex ante program
design estimates. These realization rates illustrate how well the ex ante estimates predicted
demand savings, before taking into account customers’ actions within the HVAC market. Refer
to Exhibit 4-14 for an individual presentation of both the ex ante and ex post impacts.

Overall, the gross demand estimates are 12 percent higher than the ex ante values, as illustrated
in Exhibit 4-9 above. Some of the results can be explained using information from review of the
ex ante estimates and the evaluation engineering analysis. The rates for Customized Controls
and Adjustable Speed Drives are particularly high. The rate for Reflective Window film is also
notably high. The rate for CAC is somewhat low, at 76 percent. The remaining rates are near
one. Specific comments and justifications for rates differing notably from one follow:

Quantum Consulting, Inc. 4-8 Evaluation Results




Exhibit 4-9
Gross Demand Impact Realization Rates
By Business Type and Technology Group
For Commercial HVAC Applications

E =4 © @ § g
e |l g | 8| 8|22
o % -] e g g § 2 Tg‘:‘ €
sl s | £ 88| 5| 2| &g E| s
Program and Technology Group bl g 3 3 S & I £ 2z K S 3 Total
Retrofit [Central A/C 0.87 0.64 0.29 1.11 - 077 0.86 0.87 0.98 0.74 1.01 0.76
Express |Adjustable Speed Drives - - - - - - - -
Package Terminal A/C 1.03 - - 1.81 - 0.50 0.90 0.86
Sel-Back Thermostat - - - - - - - - -
Reflective Window Film 1.27 - 0.58 . - 0.72 137 - 1.01 0.71 113 - 1.23
Water Chillers - - . - - - - - - - 1.00 - 1.00
Other HVAC Technologies - - - - 1.03 - - - - - - - 1.03
Retrofit Express Program Total 1.75 0.64 0.30 1.13 1.03 0.71 1.03 0.90 1.01 3.69 110 1.01 1.20
REC Adjustable Speed Drives 14.38 - - - - - - - - - - - 14.38
Water Chillers 133 - 0.78 1.45 - - - - - - 0.71 - 0.99
Cooling Towers - - 1.39 1.27 - - 1.00 - - - 1.08 - 119
High Efficiency Gas Boilers - - - - - - - -
Retrofit El-fiLciency Options Program Total 3.46 - 0.92 1.41 - - 1.00 - - - 0.76 - 1.24
APO Water Chillers 1.23 - - - - - 1.04 - - 1.00 1.00 - 1.1
Customized EMS 1.59 - - 9.77
Customized Controls 24,40 - - - - - - - - - - - 24.40
Convert To VAV 1.00 1.58 - - - - - - - C- - - 115
Other Customized Equip 1.00 - 1.00 - - - - 110 - - 1.02
Other HVAC Technologies . - - - - - - 1.00 - 1.00
Advanced Performance Options Program Total 1.28 1.58 1.00 - - - 0.78 1.10 - 1.00 1.00 - 1.09
Total 138 1.08 0.93 1.38 1.03 0.71 0.83 1.04 1.01 1.31 0.98 1.01 1.12

Customized Controls — This result is based on two sites. The first had very minimal impacts, 3
kW, which was corroborated by the ex post engineering analysis. The second site, however,
had an ex ante demand impact estimate of zero, while the ex post engineering analysis revealed
an impact of 74.68 kW. In particular, it was found that the installed controls turned off lights
that were normally left on during the peak demand period.

Adjustable Speed Drives (ASDs): Relatively large impacts were observed for ASD measures
installed under the RE program. The ex ante estimates assumed that, for the majority of
measures, at peak loads there is zero demand impact since the ASD is operating at 100 percent.
If the existing fans are oversized, there will be a demand impact since the ASD will only operate
the fan at the level required to meet space conditioning needs. This trend was observed in the
EUM data collected, and verified following the application of the calibrated engineering ASD
model. In Exhibit 4-9, some very large realization rates are presented, which reflects the fact
that many ASD installations had no ex ante demand impact.

Reflective Window Film: A review of the inputs from ASHRAE revealed a discrepancy
between the annual solar heat gains listed in ASHRAE and those used in Advice Filing
calculations. For details, refer to Attachment 2, Standard HVAC Algorithm Review.

Central Air Conditioners: Unadjusted ex post energy impacts are only 64 percent of ex ante
impacts. This is due to changes that occurred in the ex ante design algorithms from 1996 to
1997. The coincident demand savings for the most commonly installed CAC increased from
0.075 to 0.159 kW per ton per change in SEER; an increase of over 100 percent. The effect of this
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discrepancy was dampened by the results of the SAE analysis, which detected 15 percent more
savings than predicted by engineering estimates.

4.4.3 Gross Realization Rates for Therm Impacts

Gross realization rates for therm impacts are provided in Exhibit 4-10. Therm impacts were
estimated for twelve APO applicants, mostly with EMS and system conversions from constant
volume to variable air volume using VFDs. These measures were found in the office,
community service, college/university, and health care/hospital business types. Each site
underwent a thorough engineering review of the application, which resulted in accepting the ex
ante estimate in all but two of the sites.

Exhibit 4-10
Gross Therm Impact Realization Rates
By Business Type and Technology Group
For Commercial HVAC Measures Paid in 1996

2 - g @
s e | S| & 8|2 &
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& it = = < I 3 ° el g g
Program and Technology Group e} & S 2 3 & T - 2> &L o] b Total
Retrofit Central A/C - - - - - - - - - -
Express Adjustable Speed Drives -
Package Terminal A/C
Set-Back Thermostat
Reflective Window Film
Water Chillers
Other HVAC Technologies
Retrofit Express Program Total - - - - -
REO Adjustable Speed Drives - - - - -
Water Chillers - - - - -
Cooling Towers - - - - - - - - - - -
High Efficiency Gas Boilers - - - - - - - - - 1.00 - - 1.00
Retrofit Efficiency Options Program Total - - - - - - - - - 1.00 - - 1.00
IAPO Water Chillers - - - - - - - - - - 1.00 - 1.00
Customized EMS - - 1.00 - .- - - - - - - - 0.25
Customized Controls 0.91 - - - - - 0.87 - - - - - 0.90
Convert To VAV - - - - - - - - - - - - -
Other Customized Equip 1.00 - 1.00 - - - - - - - - - 1.00
Other HVAC Technologies - - - - - - 1.00 - 1.00
Advanced Performance Options Program Total 0.96 - 1.00 - - - 0.10 - - - 1.00 - 0.85
Total 0.96 - 1.00 - - - 0.10 - - 1.00 1.00 - 0.85

4.4.4 Net Realization Rates

The difference between the gross and net realization rates is due to the differences between the
ex ante and the ex post NTG adjustments, in combination with the differences already exhibited
between the ex ante gross impacts and their corresponding ex post values.

The net energy realization rates by segment are presented in Exhibit 4-11, with the net demand
realization rates illustrated in Exhibit 4-12. Net therm realization rates are presented in Exhibit
4-13. These values represent, by segment, the ratio of net impact evaluation findings to the net
ex ante program design estimates. The realization rates illustrate how well the ex ante estimates
predict savings, after taking into account customers’ actions within the HVAC market.
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To the extent that they build upon the gross evaluation results, many of the results presented in
Exhibits 4-11, 4-12, and 4-13 can be explained using information from the review of the ex ante
estimates and the evaluation engineering and billing analyses, as discussed under the review of
the gross realization rates. Most of the comments made previously are applicable to the
calculation of the net realization rates. Since the same NTG ratio was applied to the energy and
demand impacts, the comments and justifications for the net realization rates discussed below
apply to all three exhibits.

The differences between the net realization rates and the gross realization rates discussed earlier
are, by definition, determined by differences between the ex ante and the ex post estimates of
the NTG adjustment. For the HVAC Program, these differences reflect higher ex post NTG ratio
applied to several key analysis segments. Specifically, the ex post net-to-gross adjustment
applied to all APO technologies was 0.90, versus the ex ante adjustment of 0.75. Similarly, the
cooling towers and water chillers within the REO program received higher ex post NTG
adjustments versus ex ante, 0.88 for water chillers and 0.90 for cooling towers. These segments
account for 92 percent of the ex post net energy impacts.

Exhibit 4-11
Net Energy Impact Realization Rates

By Business Type and Technology Group
For Commercial HVAC Measures Paid in 1996
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gl | £ 8| ¢ |8 |5 || %8| ¢E| s
Prograim and Technology Group 5 = S 3 S & I I 2 & S b3 Total
Retrofit |Central A/C 0.80 0.43 0.12 0.27 - 0.70 0.53 1.40 0.79 0.64 0.85 0.56
Express |Adjustable Speed Drives 2.02 - - - 2.26 2.82 - 2.22
Package Terminal A/C 1.59 1.92 - 1.29 1.1 - - - 1.33
Set-Back Thermostat 0.50 0.91 - 0.54 - 0.49 - - - 0.58 0.75 1.40 0.61
Reflective Window Film 0.56 0.56 - - 0.56 0.56 - 0.56 0.56 0.56 - 0.56
Water Chillers - - - - - - - - - 0.89 - 0.89
Other HVAC Technologies - - - - 0.22 - - - - - - - 0.22
Retrofit Express Program Total 1.22 0.62 0.15 0.49 0.22 0.73 0.54 1.32 0.56 1.68 1.32 1.06 1.02
REO Adjustable Speed Drives 0.80 - - - - - - - - - - - 0.80
Water Chillers 1.09 - 0.19 0.67 - - - - - 035 - 0.38
Cooling Towers - - 0.20 0.27 - - 0.91 - - - 0.18 - 0.39
High Efficiency Gas Boilers - - - - - - - - - - -

Retrofit EfTiciency Options Program Total 0.84 - 0.20 0.54 - - 0.91 - - - 0.30 - 0.48
IAPO Water Chillers 0.51 - - - - - 0.33 - - 0.9 0.91 - 0.68
Customized EMS 0.13 - 0.91 - - - - - - 0.91 - - 0.62
Customized Controls 1.40 - - - - - 0.85 - - - - - 1.30
Convert To VAV 0.91 0.96 - - - - - - - - - - 0.91
Other Customized Equip 0.91 - 0.92 - - - - 0.96 - - - - 0.93
Other HVAC Technologies 1.21 - - - - - - - - - 0.91 - 0.96
Advanced Performance Options Program Total 0.71 0.96 0.92 - - - 0.30 0.96 - 0.91 0.91 - 0.77
Tofal 0.75 0.77 0.73 0.52 0.22 0.73 0.34 0.97 0.56 0.94 0.89 1.06 0.76
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Exhibit 4-12
Net Demand Impact Realization Rates

By Business Type and Technology Group
For Commercial HVAC Measures Paid in 1996

> @ .
S AR AR ERE
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€| S|z (2| s || 8| s]|¢e| 5|2
Program and Technology Group O 2 8 R 3 - T T 2 & O b Total
Retrofit  |{Central A/C 0.66 | 049 | 0.22 | 0.85 - 0.59 | 066 [ 0.66 0.75] 057 ] 0.77 || 0.58
Express |Adjustable Speed Drives - - - - - - - - - - - - -
Package Terminal A/C 1.39 - - 2.44 - 0.67 - 1.22 - - - 1.16
Set-Back Thermostat - - - - - - - - - - - - -
Reflective Window Film 0.59 - 0.27 - - 0.34 | 0.64 - 0.47 | 0.33 | 0.53 - 0.58
Water Chillers - - - - - - - - - - 117 - 1.17
Other HVAC Technologies - - - - 0.19 - - - - - - - 0.19
Retrofit Express Program Total 1421049 022 | 089 | 0.19 | 060 § 0.65| 1.20 ) 047 { 331 | 1.1 | 0.77 || 0.99
REO Adjustable Speed Drives 1405] - - - - - - - - - - - 14.05
Water Chillers 1.60 - 094 | 1.74 - - - - - 0.86 - 1.19
Cooling Towers - - 167 | 1.53 - - 1.20 - - - 1.30 - 1.43
High Efficiency Gas Boilers - - - - - - - - - - -
Retrofit Efficiency Options Program Total 3.63 - 1.11 ] 1.70 - - 1.20 - - - 0.91 - 1.44
APO Water Chillers 1.47 - - - - - 1.25 - - 120] 1.20 - 1.33
Customized EMS 1.9 - - - - - - - - - 0.93
Customized Controls 29.35 - - - - - - - - - - - 2935
Convert To VAV 1.20 | 1.90 - - - - - - - - - - 1.38
Other Customized Equip 1.20 - 1.20 - - - - 1.33 - - - - 1.22
Other HVAC Technologies - - - - - - - - - - 1.20 - 1.20
Advanced Performance Options Program Total || 1.54 | 1.90 | 1.20 - - - 0.93 | 1.33 - 1.20 | 1.20 - 1.3
Total 159 ) 1311w | 160 ] 019 ] 060 ) 093 | 129 047 [ 145 117} 0.77 (| 1.29
Exhibit 4-13
Net Therm Impact Realization Rates
By Business Type and Technology Group
For Commercial HVAC Applications
> © = 8 “
8 = i 3 3 = 3 5 s E ;
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Propram and Technology Group a & S 3 ¥ % I I 2 K4 S = Total
Retrofit Central A/C - - - - - B B . - . .
Express Adjustable Speed Drives - - - - - -
Package Terminal A/C - - - - - - - - -
Set-Back Thermostat - - - - - -
Reflective Window Film - - - - - -
Water Chillers - - - . . - . - -
Other HVAC Technologies - - - - - R B R
Retrofit Express Program Total - - - - - - - - - - -
REO Adjustable Speed Drives - - - - - - - - . .
Water Chillers - - - - - - - R R B
Cooling Towers - - - - - - - - - - - -
High Efficiency Gas Boilers - - - - - - - - - 1.20 - - 1.20
Retrofit Efficiency Options Program Total - - - - - - - - - 1.20 - - 1.20
APO Water Chillers - - - - - - - - 1.20 - 1.20
Customized EMS - - 1.20 - - - - - - - - 0.30
Customized Controls 1.09 - - - - - 1.05 - - - 1.08
Convert To VAV - - - - . - - - - - .
Other Customized Equip 1.20 - 1.20 - - - - - - - - 1.20
Other HVAC Technologies - - - - - 1.20 - 1.20
Advanced Performance Options Program Total 1.16 - 1.20 - - - 0.11 - - - 1.20 - 1.02
Total 1.16 - 1.20 - - - 0.11 1.20 1.20 - 1.02
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4.5 OVERVIEW OF REALIZATION RATES

The ex post gross impacts are somewhat lower than the predicted ex ante impact estimates for
energy. This is due to the results of SAE analysis, which detected 24 percent less impacts for all
technologies within the APO program, and most technologies within the REO program. In
addition, the ex post engineering analyses found less energy impacts than predicted by ex ante
estimates for some key technology segments including Water Chillers, which accounted for 39
percent of gross energy impacts. The ex post demand impacts, however, exceed ex ante
impacts by 12 percent. This is due primarily to higher ex post demand impacts found in
Adjustable Speed Drives, Customized Controls, and Reflective Window Film, as discussed
above.

Higher ex post net to gross adjustments relative to ex ante resulted in higher net realization
rates relative to gross realization rates. The ex ante NTG adjustment was 0.75, while the ex post
adjustment was somewhat higher on average, 0.87. For energy impacts, where ex post gross
impacts were 24 percent lower than ex ante, the net realization rate was closer to one, at 76
percent. Conversely, for demand impacts, where ex post gross impacts were 12 percent higher
than ex ante estimates, the net realization rate was further from one, at 1.29. Exhibit 4-14 below
presents a summary of gross and net program impacts, as well as NTG adjustments and
realization rates.
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Exhibit 4-14
Commercial HVAC Impact Summary

By Technology Group
Program and Technology Group Gross Program Impact NTG Adjustment® Net Program Impact
kwh kw Therm (1-FR)  Spillover kwh kW Therm
EX ANTE
Retrofit Central A/C 336,445 230 0 0.67 0.10 259,015 177 0
Express Adjustable Speed Drives 308,787 0 "] 0.67 0.10 237,722 0 0
Package Terminal A/C 40,312 40 [¢] 0.67 0.10 31,035 31 [
Set-Back Thermostat 237,437 0 o] 0.67 0.10 182,793 0 0
Reflective Window Film 220,514 36 0 0.67 0.10 169,765 27 0
Water Chillers 22,804 14 0 0.67 0.10 17,556 1" 0
Other HVAC Technologies 40,255 17 0 0.67 0.10 30,991 13 0
Retrofit Express Program Total 1,206,555 337 0 0.67 0.10 928,877 260 0
REO Adjustable Speed Drives 372,699 5 o 0.65 0.10 279,473 4 0
Water Chiliers 805,343 263 0 0.65 0.10 603,897 197 [
Cooling Towers 426,262 89 1] 0.65 0.10 319,638 67 0
High Efficiency Gas Boilers o) 0 2,507 0.65 0.10 0 0 1,880
Retrofit EfTTcienq Options Program Total 1,604,304 357 2,507 0.65 0.10 1,203,008 268 1,880
APO Water Chillers 8,914,534 1,538 89,512 0.65 0.10 6,684,676 1,154 67,134
Customized EMS 2,574,785 128 106,589 0.65 0.10 1,930,735 96 79,942
Customized Controls 631,109 3 62,858 0.65 0.10 473,245 2 47,144
Convert To VAV 564,749 87 0 0.65 0.10 423,485 65 0
Other Customized Equip 3,846,982 492 260,787 0.65 0.10 2,884,708 369 195,590
Other HVAC Technologies 1,328,775 216 53,534 0.65 0.10 996,399 162 40,151
Advanced Performance Options Program Total 17,860,934 2,464 573,280 0.65 0.10 13,393,247 1,848 429,960
Total 20,671,794 3,159 575,787 0.65 0.10 15,525,132 2,376 - 431,840
EX POST
Retrofit Central A/C 248,348 174 ¢ 0.45 0.14 146,182 102 o]
Express Adjustable Speed Drives 718,742 119 1] 0.59 0.14 526,994 87 0
Package Terminal A/C 39,923 34 0 0.90 0.14 41,353 35 0
Set-Back Thermostat 160,051 0 0 0.56 0.14 112,055 0 0
Reflective Window Film 261,899 44 0 0.22 0.14 94,406 16 o
Water Chillers 17,278 14 0 0.76 0.14 15,585 13 0
Other HVAC Technologies 47,754 18 0 0.00 0.14 6,691 3 0
Retrofit Express Program Total 1,493,995 403 0 0.49 0.14 943,267 256 0
REO Adjustable Speed Drives 306,617 76 0 0.59 0.14 224,817 56 0
Water Chillers 256,860 260 ¢} 0.76 0.14 231,692 234 0
Cooling Towers 136,494 106 0 0.76 0.14 123,120 96 0
High Efficiency Gas Boilers 0 0 2,507 0.76 0.14 0 0 2,261
Retrofit Efficiency Options Program Total 699,971 442 2,507 0.69 0.14 579,629 386 2,261
APO Water Chillers 5,016,062 1,705 89,512 0.76 0.14 4,524,577 1,538 80,741
Customized EMS 1,316,436 99 26,768 0.76 0.14 1,187,448 89 24,145
Customized Controls 681,514 73 56,573 0.76 0.14 614,738 66 51,030
Convert To VAV 429,384 100 0 0.76 0.14 387,312 90 0
Other Customized Equip 2,958,924 500 260,787 0.76 0.14 2,669,002 451 235,234
Other HVAC Technologies 1,063,685 216 53,534 0.76 0.14 959,463 195 48,289
Advanced Performance Options Program Tofal 11,466,005 2,692 487,174 0.76 0.14 10,342,540 2,429 439,440
Total 13,659,972 3,538 489,681 0.73 0.14 11,865,436 3,071 441,701
*The NTG adjustment presented here is weighted by gross kWh.
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Exhibit 4-14 cont’d
Commercial HVAC Impact Summary
By Technology Group

Program and Technology Group Gross Program impact NTG Adjustment® Net Program Impact
kwh kw Therm (1-FR) _ Spillover kwh kw Therm

REALIZATION RATES

Retrofit Central A/C 0.74 0.76 - - - 0.56 0.58 -
Express Adjustable Speed Drives 233 - - - - 2.22 - -
Package Terminal A/C 0.99 0.86 - - - 1.33 1.16 -
Set-Back Thermostat 0.67 - - - - 0.61 - -
Reflective Window Film 119 1.23 - - - 0.56 0.58 -
Water Chillers 0.76 1.00 - - - 0.89 117 -
Other HVAC Technologies 1.19 1.03 - - - 0.22 0.19 -
Retrofit Express Program Total 1.24 1.20 - - - 1.02 0.99 -
REO Adjustable Speed Drives 0.82 14.38 - - - 0.80 14.05 -
Water Chillers 0.32 0.99 - - - 0.38 1.19 .
Cooling Towers 0.32 119 - - - 0.39 1.43 -
High Efficiency Gas Boilers - - 1.00 - - - - 1.20
Retrofit Efficiency Options Program Total 0.44 1.24 1.00 - X 0.48 1.42 1.20
APO Water Chillers 0.56 LN 1.00 - - 0.68 1.33 1.20
Customized EMS 0.51 0.77 0.25 - - 0.62 0.93 0.30
Customized Controls 1.08 24.40 0.90 - - 1.30 29.35 1.08
Convert To VAV 0.76 115 - - - 0.91 1.38 -
Other Customized Equip 0.77 1.02 1.00 - - 0.93 1.22 1.20
Other HVAC Technologies 0.80 1.00 1.00 - - 0.96 1.20 1.20
Advanced Performance Options Program Total 0.64 1.09 0.85 - - 0.77 1.31 1.02
Total 0.66 1.12 0.85 - - 0.76 1.29 1.02

*The NTG adjustment presented here is weighted by gross kWh.
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Attachment 1
Custom HVAC Analysis




Customized Space Conditioning (Site 164)

Program

Advanced Performance Options Program

Measure

Space Conditioning (Customized)

Site Description

Office

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Additional Notes

Impact Results

Replace chiller, boiler, fan coil units, and controls; convert from 3-pipe to
4-pipe water return system; install variable frequency drives (VFD’s) on
all new air handlers.

Impacts were developed using DOE2.1E simulation program based on
climate zone, building type, and all HVAC plant and system
characteristics.

The correct climate zone and building characteristics were used in the
application.

The evaluation process consisted of reviewing the application form and
supporting documentation. An on-site survey was attempted on
September 29, 1999 in San Jose (Climate Zone 4). The contact was unable
to provide access to any of the retrofit equipment. Future attempts at
rescheduling the on-site were unsuccessful. Due to the difficulties
associated with this site, a thorough review of the application was
conducted. Ex ante impact estimates are accepted as accurate.

KW " KWh Therm
MDSS 117 1,377,912.44 77,029
Adjusted 117 1,377,912.44 77,029
Engineering
Engineering 1.00 1.00 1.00
Realization Rate




Customized Space Conditioning (Site 166)

Program

Advanced Performance Options Program

Measure

Space Conditioning (Customized)

Site Description

Community Service

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Additional Notes

Impact Results

Replace chiller and cooling tower; convert mixing boxes from double-
duct to VAV; install variable frequency drives (VFD’s) on supply and
return fans.

Impacts were developed using DOEZ2.1E simulation program based on
climate zone, building type, and all HVAC plant and system
characteristics.

The correct climate zone and building characteristics were used in the
application.

The evaluation process consisted of reviewing the application form and
supporting documentation. An on-site survey was attempted on
September 29, 1999 in San Jose (Climate Zone 4). The contact was unable
to provide access to any of the retrofit equipment. Future attempts at
rescheduling the on-site were unsuccessful. Due to the difficulties
associated with this site, a thorough review of the application was
conducted. Ex ante impact estimates are accepted as accurate.

KW KWh Therm
MDSS 542 2,976,298.27 89,512
Adjusted 542 2,976,298.27 89,512
Engineering
Engineering 1.00 1.00 1.00
Realization Rate




Customized Space Conditioning (Site 245)

Program

Advanced Performance Options Program

Measure

Space Conditioning (Customized)

Site Description

Community Service

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Additional Notes

Impact Results

Replace pumps and motors for chilled water supply, hot water and
boiler feed water; replace motors on two supply and return fans; replace
all controls to DDC; install variable frequency drives (VFD's) on large
motors, chiller, and cooling tower; replace mixing boxes from constant
volume to variable air volume.

Impacts were developed using DOE2.1E simulation program based on
climate zone, building type, and all HVAC plant and system
characteristics.

The correct climate zone and building characteristics were used in the
application.

The evaluation process consisted of reviewing the application form and
supporting documentation. An on-site survey was attempted on
September 29, 1999 in San Jose (Climate Zone 4). The contact was unable
to provide access to any of the retrofit equipment. Future attempts at
rescheduling the on-site were unsuccessful. Due to the difficulties
associated with this site, a thorough review of the application was
conducted. Ex ante impact estimates are accepted as accurate.

KW : KWh Therm
MDSS 216 1,098,003.16 53,534
Adjusted 216 1,098,003.16 53,534
Engineering
Engineering 1.00 1.00 1.00
Realization Rate




Convert HVAC System to VAV (Site 257)

Program

Advanced Performance Options Program

Measure

Convert HVAC system from CV to VAV

Site Description

Personal Service

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Additional Notes

Impact Results

Convert HVAC system from constant volume (CV) to variable air
volume (VAV) by installing variable frequency drives (VFD’s) on new,
smaller supply fan motors.

Impacts were developed using DOE2.1E simulation program based on
climate zone, building type, and all HVAC plant and system
characteristics.

The correct climate zone and building characteristics were used in the
application.

The evaluation process consisted of reviewing the application form and
supporting documentation. Due to security restrictions at this site, a
thorough review of the application was conducted in lieu of an on-site
audit. Ex ante impact estimates are accepted as accurate.

KW KWh Therm
MDSS 99 1,529,262.17 0
Adjusted 99 1,529,262.17 0
Engineering
Engineering 1.00 1.00 N/A
Realization Rate




Cooling Tower Replacement (Site 1278)

Program

Retrofit Efficiency Options Program

Measure

Oversized Evaporative Cooling Tower

Site Description

Health Care/Hospital

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Additional Notes

Impact Results

Replace Cooling tower with an oversized cooling tower.

Tables of standard values were developed using the HBSSM simulation
program based on climate zone, chiller size, building type, chiller
efficiency, and condenser water temperature. Values from these tables
are used to calculate the rebate and associated impacts.

The correct climate zone, approach temperature, fan horsepower per
evaporator ton, and building type were used in the application.

The evaluation process consisted of reviewing the application form and
supporting documentation and conducting an on-site survey.

The on-site survey was conducted on September 15, 1999. Information
on the retrofit equipment and operating conditions were collected
through an inspection of the cooling tower and through an interview
with the Chief Engineer. The on-site survey revealed that the site is in
the middle of a chiller retrofit. The original 650-ton chiller, which was
used in the rebate calculations, is no longer in place. The interview
revealed that the old chiller operated very closely to the application
claims, and the new chiller would operate very closely to that of the old
chiller. Therefore, impacts claimed in the application are deemed
reasonable and accepted as accurate.

KW KwWh Therm
MDSS 31.56 105,219.28 0
Adjusted 31.56 105,219.28 0
Engineering
Engineering 1.0 1.0 N/A
Realization Rate




Chiller Replacement & VFD Installation (Site 1314)

Program

Retrofit Express Program

Measure

High Efficiency Air-Cooled Chiller and
Variable Speed Drives

Site Description

Community Service

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Additional Notes

Impact Results

Replace existing chillers with two 50-ton high-efficiency air-cooled
chillers and install two variable frequency drives (VFD’s) on hvac fans.

Impact calculations were performed separately for the chillers and the
VEDs. For the water chiller, coincident demand savings is calculated by
multiplying the measure demand savings by the coincident diversity
factor. Annual energy impacts are calculated by multiplying the
measure demand savings by the equivalent full load cooling hours. For
the VFDs, energy impacts were calculated using an assumed 30 hp motor
size to calculate a per-horsepower impact that is applied to all VFD’s on
motors 50 hp and less.

The application calculations used the correct chiller size, fan horsepower,
and building characteristics.

The evaluation process consists of a review of the application form and
supporting documentation. After a thorough review of the application
and rebate calculations, ex ante estimates are accepted as accurate:

KwW KwWh Therm
MDSS 14.25 22,804.18 0
Adjusted 14.25 22,804.18 0
Engineering
Engineering 1.00 1.00 N/A
Realization Rate




Evaporative Cooling (Site 1327)

Program Advanced Performance Options Program
Measure Install Evaporative Cooler
Site Description Retail

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Additional Notes

Install a packaged evaporative cooler to provide cooling.

Impacts were developed using DOE2.1E simulation program based on
climate zone, building type, and all HVAC plant and system
characteristics.

The correct climate zone, plant characteristics and building were used in
the application. The baseline equipment modeled was an air-cooled
packaged unit with a capacity of 1169 kBtu/h, while the installed water-
cooled unit has a capacity of 1390 kBtu/h.

The evaluation process consisted of reviewing the application form and
supporting documentation and conducting an on-site survey. The on-
site survey was conducted on September 9, 1999 in San Francisco
(Climate Zone 3). Information on the retrofit equipment and operating
conditions were collected through an inspection of the plant and through
an interview with the Chief Engineer. The Chief Engineer does not work
on-site on a regular basis, and there is no means of tracking equipment
usage.

Due to the fact that evaporative cooling is generally not specified for this
climate zone, there is a lack of quality information regarding the
performance in this area. DOE2 input files obtained from the consulting
firm that prepared the documentation were verified for accuracy and
executed again. Using inputs and outputs from the DOE2 files, the
Equivalent Full Load Cooling Hours (EFLCH) and area served per ton of
cooling were calculated. Results indicate that the baseline air-cooled unit
is supplying approximately four times the EFLCH than estimated for
standard packaged air-cooled AC units in the same climate zone.
Without any documentation of equipment usage, the DOE2 results
obtained from executing the input files is accepted as the ex post impact
results, which are slightly higher than ex ante impact results for energy
and much higher than ex ante for demand. Results from these
calculations are summarized below and documented in the attached
workbook.




Impact Results

Kw KWh Therm
MDSS 22 33,789.19 0
Adjusted 34.81 35,742 0
Engineering
Engineering 1.58 1.06 N/A
Realization Rate




Site 1327

Results Energy Demand
MDSS 33,789 22
QC 35,742 35
Realization Rate 1.06 1.58
Baseline Air-| New Evap.
Parameters Cooled Unit Unit Impact Units Source
Building Area 37400.00 | 37400.00 sq. ft. Application
Area/Ton 383.92 322.88 sq. ft./ton { = Building Area (sq. ft.) / (Total Capacity (kBtuh) / 12 Btuh/ton)
Total Capacity 1169.00 1390.00 kBtuh DOE2 Input
Total Capacity 97.42 115.83 Tons = Total Capacity / 12
Sensible Capacity 858.00 1020.00 kBtuh DOE2 Input
EER 8.20 12.90 kBtuh/kW DOE2 Input
Efficiency 1.46 0.93 kwW/ton =12 kBtuh/ton / EER (kBtuh/kW)
Peak kW 142.56 107.75 34.81 kw = Total Capacity (kBtuh) * Efficiency (kW/ton) / 12 kBtuh/ton
Total Electrical Cooling Input 129702.00 | 93960.00 | 35742.00 kwh DOE2 Qutput 146242 and 108852 from application output
EFLCH 909.80 872.00 Hours = Total Electrical Cooling Input / Peak kW
MDSS Demand Impact 22.00 kW
MDSS Energy Impact 33789.19 kWh
Demand Realization Rate for Cooling Only 1.58 kw = Peak kW Impact/ MDSS Demand Impact
Energy Realization Rate for Cooling Only 1.06 kWh




Valve Replacement (Site 1407)

Program

Advanced Performance Options Program

Measure

Three-way Chilled Water Control Valves

Site Description

Office

Measure Description

Summary of Ex Ante -

Impact Calculations
Comments on PG&E
Calculations

Evaluation Process

Additional Notes

Impact Results

Install three-way chilled water control valves in all seven air handler
cooling coils and install pneumatic control system to operate the three-
way valves.

Impacts were developed using DOE2.1E simulation program based on
climate zone, building type, and all HVAC plant and system
characteristics.

The correct climate zone, chiller characteristics and building were used
in the application.

The evaluation process consisted of reviewing the application form and
supporting documentation and conducting an on-site survey. The on-
site survey was conducted on September 17, 1999 in San Francisco
(Climate Zone 3). Information on the retrofit equipment and operating
conditions were collected through an inspection of the plant and through
an interview with the Mechanical Contractor that maintains the
equipment.

The valves are installed in air handlers throughout the building, making
it infeasible to visually inspect them. There is not an on-site building
engineer or any other facilities person, so day-to-day operating
characteristics were not available. Because of the lack of quality
information available and the thorough review of the project in the
application, impacts claimed in the application are deemed reasonable.

KwW KWh Therm
MDSS 3 39,345.21 11,399
Adjusted 3 39,345.21 11,399
Engineering
Engineering 1.0 1.0 1.0
Realization Rate




Chiller Replacement (Site 1463)

Program Advanced Performance Options Program
Measure High Efficiency Water-Cooled Chiller

Site Description

Office

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Replace one of two existing chillers with a high-efficiency water-cooled
chiller.

Impacts were developed using DOE2.1E simulation program based on
climate zone, building type, and all HVAC plant & system
characteristics.

The correct climate zone, chiller size category and building
characteristics were used in the application calculations. However, the
calibration to customer billing records appears to have vastly over-
estimated the chiller contribution to those bills, resulting in a
considerable over-estimation of impact. The most likely source of error
is the hours of operation for the chillers.

The evaluation process consists of a review of the application form and
supporting documentation, conducting an on-site survey and then
computing impacts using the on-site data.

The on-site survey was conducted on July 27, 1999 in San Francisco
(Climate Zone 3). Information on the retrofit equipment and operating
conditions were collected through an inspection of the chiller and
through an interview with the Chief Engineer.

Discussions provided data for development of a relationship between
chiller loading and outdoor dry bulb. The chiller is available from 6:00
am to 4:20 pm on weekdays only. The chiller is manually controlled
using operator discretion. The Chiller is generally brought on line at 65
degrees outside air temperature. The Chief Engineer estimated that the
chiller reaches 100% loading at approximately 90 degrees outside air
temperature. The secondary chiller operates only once per month for
exercise.

Models are calibrated with actual weather, observed chiller run hours
since the installation, the chiller lock-out temperature, chiller loading
under extreme outdoor temperature conditions, chilled water
temperature, and condenser water temperature. Energy impacts are
based on typical weather data. A Title 24 baseline, nominal efficiency,
and typical year bin weather data for the applicable climate zone are
used in the bin analysis. To compute the impacts, the following
assumptions were used.:

* A linear loading strategy was used for the analysis of both the
baseline and rebated chillers, which assumed initial loading at 65
degrees and 100% loading at 90 Degrees F.




e Based on a water-cooled chiller greater than 300 tons, a baseline Title

24 efficiency of 0.748 KW /ton was used.

Chiller efficiencies at various temperatures were calculated from
updated default performance coefficients provided in a memo to the
California Energy Commission titled “1995 Proposed Changes to the
ACM Manual Central Plant Cooling Equipment” by Mark Hydeman.
These coefficients were used to develop a chiller efficiency curve for the
Rebate case and a Title 24 base case. Both evaluation-based demand and
energy impacts were lower than Ex Ante estimates. Results from these
calculations are summarized below and documented in the attached

workbook.
Additional Notes
Impact Results
KW KWh Therm
MDSS 131 571,332.67 0
Adjusted 123.26 36,857.71 0
Engineering
Engineering 0.94 0.06 N/A
Realization Rate




Site 1463: Results

Post-Retrofit Chiller

Impact Savings
Energy Demand Energy Demand
MDSS 571,333 131
QC 36,857 123 36,993 144.28
Realization Rate 0.06 0.94
Title 24 Baseline Chiller
Nom. Eff 0.748
Nom. Tons 603
nom kw 451.095
Outdoor DB Ssz:(;% Tons Output Efficiency | Annual Energy | Peak Demand
Temperature (F) year (TMY) (kW/Ton) | Use (kWhfyear) (kW)
92 0.71 603 0.58 25131 351.84
87 19.52 503 0.57 5,609.77 287.33
82 39.52 402 0.57 9,057.74 229.17
77 113,57 302 0.59 20,116.12 177.12
72 252.38 201 0.65 33,049.40 130.95
67 410.48 101 0.90 37,117.97 90.43
Totals 836.19 0.00 105,202.31 351.84

Nom. Eff 0.486
Nom. Tons 603
nom kw 293.058
. Annual . Annual Energy
QOutdoor DB Sgs::t:z Tons Output Efficiency Energy Use | Peak Demand Hoouie;a;:r;iar Use
Temperature (F) year (TMY) (kW/Ton) (kWhiyear), (kw) (Actual) (kWh/year),
(TMY) (Actual)
92 0.71 603 0.38 163.27 228.57 4.33 990.48
87 19.52 503 037 3,644.43 186.67 35.67 6,657.76
82 39.52 402 0.37 5,884.44 148.88 71.33 10,620.35
77 113,57 302 0.38 13,068.61 115.07 105.00 12,082.30
72° 252.38 201 0.42 21,470.83 85.07 162.00 13,781.84
67 410.48 101 0.58 24,1140 58.75 348.00 20,443.76
Totals 836.19 0.00 68,345.60 228.57 726.33 64,576.49
Pre-Retrofit Chiller
Nom. Eff 0813
Nom. Tons 588
nom kw 478.044
Outdoor DB gsﬁ::‘:;gr Tons Output Efficiency En)::‘yu:}se Peak Demand
Temperature (F) vear (Actual) (kW/Ton) (kWhiyear) (kw)
92 4.33 588 0.63 1,615.70 372.85
87 35.67 490 0.62 10,860.31 304.49
82 71.33 392 0.62 17,324.19 242.86
77 105.00 294 0.64 19,708.97 187.70
72 162.00 196 on 22,481.31 138.77
67 348.00 98 0.98 33,348.40 95.83
Totals 726.33 0.00 105,338.89 372.85




Site 1463: Inputs to Model

Parameter Value Reported |  Units of Parameter Notes
City San Francisco
Climate Zone 3
Pre-Retrofit Nominal Chiller Capacity 588 Tons Application
Pre-Retrofit Nominal Chiller Efficiency 0.813 kW/ton Application
Post-Retrofit Nominal Chiller Capacity 620 Tons Application
Post-Retrofit Nominal Chiller Efficiency 0.486 kWi/ton From Chiller Rating Sheet
Post-Retrofit Chiller Full Load Amps 441 FLA From York Manual
Post-Retrofit Chiller Max kW 302 kW From York Manual
Baseline Chiller Efficiency 0.748 kW/ton Title 24 Nominal Efficiency for Chiller > 300 Tons
Chiller AM Lockout 6:00 AM Contact provided schedule; Chiller is on Manual Operation
Chiller PM Lockout 16:20 PM Contact provided schedule; Chiller is on Manual Operation
Chiller Startup OSA Temperature 65 F Contact provided estimate
Chiller Max Load OSA Temperature 90 F Contact provided estimate
Chilled Water Supply Temperature Setpoint 48 F Contact provided setpoints; Chiller is on Manual Operation
Condenser Water Temperature 70 F Contact provided setpoints; Chiller is on Manual Operation
Date of Chiller Installation 6/30/98 Contact provided estimate
Date at Run Hour Reading 7/23/99 Chiller Log
Number of Days Chiller Operated 267 days (M-F Only) = {(Read Date - Install Date) * 5/7) - 10 Holidays
Run Hours for New Chiller 745 hours Documented from Chiller Log
Average Hours per Year of Chiller Operation 727.07 Hours/Year (M-F Only) | = (Run Hours for New Chiller / Number of Days Chiller Operated) * 365 Days/Year * 5/7
Predicted Run Hours Since Install Using Actual Weather & Setpoints 837.00 hours Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details
Predicted Hours per Year Using Actual Weather Data & Setpoints 730.33 Hours/Year (M-F Only) Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details




Site 1463: Post-Retrofit Chiller

Outdoor
D8
Temperatu
re
92
87
82
77
72
67

Centrifugal Chiller (Water-Source) a b c d e .
Capacity Correction (Tout, Tin) -0.29861976 | 0.02996076 | -0.00080125 | 0.01736268 -0.00032606 |  0.00063139
Part Load Efficiency (PLR) 0.17149273] 0.58820208] 023737257 : d :
Temp Efficiency (Tout, Tin) "T0.51777196 ""'-"0':00400363{ 0.6660"262'8J""" "0.00636793]  0.00008290  -0.00015467
Nom. Eff 0.486
Nom. Tons 603
nom kw 293.058
Current Data Calculated Values Efficiency
Part Load Ambient
P
Tons Output Co?::‘nser Supply temp Cc:r;i?t a';talt_ioad Adjustment  Adjustment EIR corp kW/Ton
P pacity ° to EIR to EIR
603 73 48 625 1.000 1.00 0.78 0.1078 9.28 0.379
503 72 48 624 0.833 0.83 0.77 0.1057 9.46 0.371
402 71 48 624 0.667 0.67 0.76 0.1053 9.49 0.370
302 | 70 48 623 0.500 0.52 0.75 0.1085 9.21 0.382
201 69 48 621 0.333 0.39 0.74 0.1204 8.31 0.423
101 68 48 619 0.167 0.28 0.73 0.1663 6.01 0.585

EIR = ElRrated x EIR-FT x EIR-FPLR/ PLR.

Chiller Plant Coefficients

CAPFT
G

-0.29861976

0.02996076

-0.00080125|

0.01736268

-0.00032606

051777196

-0.00400363|

o.oooozoze]

0.00698793

0.00008290

EIRFPLR

0.17149273

0.58820208

0.23737257]

EIR-FPLR = A + (B x PLR) + {C x PLR x PLR)

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature {CWS, or Tin).

This describes the change in EiR as a function of part load conditions (PLR, the part load ratio).

| EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
1 This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992

-- Electric Water Cooled Chillers (source Mark Hydeman Oclober 2,1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)




Site 1463: Baseline Chitler

Outdoor
DB
Temperatu
re
92
87
82
77
72
67

Centrifugal Chiller (Water-Source} a b d

Capacity Correction (Tout, Tin) 029861976 | 002996076 | -0.00080125 | 0.01736268 -0.00032606 |  0.00063139

Part Load Efficiency (PLR) 0.17149273  0.58520208] 0.23737257 ]

Temp Efficiency (Tout, Tin) T0.51777196] -0.00400363]  0.00002028]  0.00698793] 0.00008250

Nom, Eff 0.748

Nom. Tons 603

nom kw 451.095319

Current Data Calculated Values tfficiency
Part Load Ambient
Tons Output Co?drer:lnser Supply temp CCurre:t Pa;t |t_ioad Adjustment  Adjustment EIR corp kW/Ton
emp apacily atio to EIR to EIR

603 73 48 625 1.000 1.00 0.78 0.1660 6.03 0.583
503 72 48 624 0.833 0.83 0.77 0.1626 6.15 0.572
402 71 48 624 0.667 0.67 0.76 0.1621 6.17 0.570
302 70 48 623 0.500 0.52 0.75 0.1671 598 0.587
201 69 48 621 0.333 0.39 0.74 0.1853 5.40 0.651
101 68 48 619 0.167 0.28 0.73 0.2559 39 0.900

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chilter Plant Coefficients --

CAPFT

0.02996076

-0.00080125

~0.00032606

-0.29861976) 0.01736268] 0.00063139
EIRFT 0.51777196]  -0.00400363 0.00002028]  0.00698793 0.00008290[  -0.00015467
EIRFPLR 017149373]  0.56820208 0.23737257]

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EiR-FPLR =

A + (B x PLR) + (C x PLR x PLR)

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual -

November 1992.

Electric Water- Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)




Site 1463: Pre-Retrofit Chiller

Outdoor

DB

Temperatu

re

Chiller Plant Coefficients -- Electric Water-Cool

92
87
82
77
72
67

Centrifugal Chiller (Water-Source) a b d e
Capacity Correction (Tout, Tin)  { -0.29861976 ; 0.02996076 | -0.00080125 | 0.01736268 | -0.00032606 | 0.00063139
Part Load Efficiency (PLR) | 017149273} 0.58820208 0.23737257, - - -
Temp Efficiency (Tout, Tin) [ 0.51777196] 2000400363 0.00002028] " 0.00698793 " 0.00008230 00015467
Nom. Eff 0.813
Nom. Tons 588
nom kw 478.044
Current Data Calculated Values Efficiency
Part Load Ambient
P
Tons Output c°$d";"ser Supply temp Ccau:i?t a’;‘;;ad Adjustment  Adjustment | EIR COP  kW/Ton
€ pacity to EIR to EIR
588 73 48 609 1.000 1.00 0.78 0.1804 5.54 0.634
490 72 48 609 0.833 0.83 0.77 0.1767 5.66 0.621
392 71 48 608 0.667 0.67 0.76 0.1762 5.68 0.620
294 70 48 607 0.500 0.52 0.75 0.1816 5.51 0.638
196 69 48 606 0.333 0.39 0.74 0.2014 4.97 0.708
98 68 48 604 0.167 0.28 0.73 0.2781 3.60 0.978

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

aaE urvel
CAPFT

-0.29861976)

0.02996076

-0.00080125

&

0.00063139

0.01736268
[0 T70.517771960  -0.00400363 0.00002028]  0.00698793  0.00008290]  -0.00015467]
EIRFPLR 0.17149273]  0.58820208,  0.23737257

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions {PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.




Site 1463: Weather Data
TMY temperature data for climate zone 3

Temp 0:00] 1:00{ 2:00 3:00{ 4:00) 5:00 6:00] 7.00] 8:00f 9:00 10:00{ 11:00] 12:00{ 13:00] 14:00] 15:00] 16:00] 17:00] 18:00] 19:00] 20:00] 21:00] 22:00] 23:00[[On Hours
32 0 0 1 4 1 [ 1 0 0 [ 0 0 0 0 0 0 0 0 0 0 0 Q 0 0
37 6 9] 13| 13| 16| 15| 18 2 1 Q 0 Y] 0 0 0 0 0 4 0 0 0 3 5 6
42| 28| 3t( 34| 46] 45| 44| 38| 28] 12 5 1 0 0 1 1 1 1 2 5 6 7 16 21 26
47| 721 771 79| B4| 71| 66| 70| e5f 43| 31 12 8 6 3 2 2 2 6 21 32 44 43 48 54
52j| 120 125f 125] 116] 127| 122| 104} 85| 79] e8] 60| 4a3] 26| 20 17] 21 36] 53 68] 78] 93| 107] 124] 127
57]| 116] 105 100 90] 95| 106] 112] 120] 104] 89 83 79 68 70 80 79 95( 108] 115] 129| 129] 137 127 125
e 21 171 121 N 9] N 191 58| 98| 102 91 77 77 a3 79 84 9t 111 109 99 83 55 35 25
67 2 0 1 1 1 1 3 5] 20| s6 74 77 72 78 84 78 83 60 38 19 9 4 5 2 574.67
72 0 1 0 0 o] 0 0 2 7 9 32 51 64 61 58 57 37 19 9 2 0 0 0 0 353.33
77 0 0 0 0 0 0 [ 0 1 5 10 21 N 30 28 28 15 6 Y] 0 0 [ 0 0 159.00
82 0 0 0 0 0 0 0 0 Q 0 2 8 13 11 1 9 4 0 0 0 0 0 0 0 55.33
87 0 0 4] 0 Q 0 0 0 0 0 0 1 8 7 5 6 7 0 4] 0 Q0 4] 0 0 27.33
92 0 0 0 0 0 0 0 0 0 [ [ [ ] 1 0 0 [ 0 0 0 0 0 0 0 1
97 o] of of o] of o] of of o o 0 [] 0 0 0 0 ] 0 [} 0 0 0 0 0) 0
On Hours 3 7] 28] 70| 118| 158{ 88| 188} 186f 178{46.67 836.19|
Note: Total "On Hours" value has been scaled by 5/7 to account for M-F operation only
Actual temperature data for climate zone 3 for 7/24/98 to 7/23/99, M-F only
Temp 0:001 1:00 2:00} 3:00 4:00( 5:00 6:00] 7:00{ 8:00} 9:00| 10:00] 11:00] 12:00] 13:00( 14:00]15:00] 16:00] 17:00] 18:00] 19:00] 20:00] 21:00{ 22:00] 23:00[|On Hours
32 1 1 2 2 4 4 4 4]. . . . . 1 3
37| 7 9 8 9 10 9] 13] 10 5]. . . . . 1 2 3 3 4 3
421l 2t| 24 29| 32| 33| 33| 28{ 17 8 9 5 1 1. . . 1 3 4 6 8 12 16 19
47)] 46| 46| 46] 43| 45| 44] 40{ 42] 38] 25 17} 14] 10 1 8 7 9 15 19] 28§ 37| 37{ 33] 44
52 771 77| 74| 771 77| 74| 61| 56| 55| 50 43 37 26 24 25 31 41 53 67 72 75 81 79 78|
57(f 66] 66| 71| 69| 66| 70! 75| 70| 64] 63 63 56 57 59 63 62 69 74 81 80 78 74 7t 64
62f 38| 34| 27} 25| 22f 23} 29| 39| 52| 58 55 63 67 58 60 69 59 58 52 45 44 40 43 44
67 3 3 3 4 4 4 7{ 15| 22| 28 41 42 43 48 47 42 39 24 20 18 12 12 7 5 348
72 2 1 1]. 4 6] 11 17 14 20 24 ‘25 19 16 18 19 12 8 3 2 1 1 162
77 2 4 7 15 17 14 13 16 13 12 11 3 2 11. 105
82{l. 2 4 6 5 10 13 14 14 10 2 2. 71.33
87|\ 2 6 7 8 7 5 2 2. 35.67
92| 1 ) 1 1 71 4.33
97| . . - . - 1 1 1 1. . 4
On Hours 1] 23] 39] 56 78 90| 100] 109} 105 92[27.33 730.33
Actual temperature data for climate zone 3 for 6/30/98 to 7/23/99, M-F only
Temp 0:00{1:00{2:00] 3:00] 4:00{5:00] 6:00] 7:00] 8:00] 9:00] 10:00[ 11:00] 12:00] 13:00{ 14:00{15:00] 16:00] 17:00] 18:00] 19:00] 20:00] 21:00] 22:00] 23:00}{On Hours
32 1 1 2 2 4 4 4 41, . . . . 1 3
37| 7 9 8 9{ 10 91 13| 10 5]. . . . 1 2 3 3 4 3
421 21 24] 29f 32{ 33] 33] 28] 7| 8] 9 5 1 1|. . . 1 3 4 6 8] 12 16 19
471l 46| 46| 46| 43] 45| 44] 40| 42 38| 25 17 14 10 11 8 7 9 15 19 28 37 37 39 44
52| 774 77| 74 771 77| 74} 61| 56| 55| S0 43 37 26 24 25 31 41 53 67 72 75 81 79 78"
57)| 79} 82y 87| 85| 81| 85| 88| BI| 71{ 67 65 57 57 59 63 62 69 75 85 86 89 86 83 77][
62|l 42| 36| 29| 27| 25 26| 32| 43| 59| 64 61 67 70 60 62 72 63 66 61 55 50 45 48 48
67 4 3 3 4 4 4 8| 16; 23| 33 46 50 52 57 57 51 47 29 23 19 13 13 8 6 408.67|
72 2 1 1]. 5 8] 12| 17 16 22 25 27 20 18 21 21 13 9 3 2 1 1 177.00
77). 2 6 9 16 17 16 15 19 15 14 12 4 2 1) 119.67
82 2 5 8 6 12 15 15 15 10 3 2. 81.33
87|. 2 8 ? 8 7 5 3 2. 38.00
92|. 2 2 2 2 1] 8.33
97| . . . . 1 1 1 1]. 4.,00]
—
On Hours 13| 26[ 43| 64 88{ 103! 115] 125 120 107 32 8§37.00|




Chiller and Cooling Tower Replacement (Site 1841)

Program Advanced Performance Options Program

Measure High Efficiency Water-Cooled Chiller and
Oversized Cooling Tower

Site Description Office

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Replace existing 390-ton chiller with a 260-ton high-efficiency water-
cooled chiller and replace cooling tower with an oversized cooling tower.

Impacts were developed using DOE2.1E simulation program based on
climate zone, building type, chiller and cooling tower characteristics.

The correct climate zone, chiller size category and building
characteristics were used in the application calculations. However, the
impact estimate provided in the MDSS is based on pre-retrofit conditions
as opposed to baseline conditions. The condenser water temperature
also appears to have been misrepresented.

The evaluation process consists of a review of the application form and
supporting documentation, conducting an on-site survey and then
computing impacts using the on-site data.

The on-site survey was conducted on July 19, 1999. Information on the
retrofit equipment and operating conditions were collected through an
on-site inspection of the chiller and cooling tower and through a
telephone interview with the Control Systems company that is
contracted to maintain the Energy Management System that is in place at
the site. Trend logs for the HVAC system were also obtained.

Discussions provided data for development of a relationship between
chiller loading and outdoor dry bulb. The HVAC system is available
from 7:45 am to 8:00 pm every day. The chiller is controlled by an EMS,
and is brought on line when the outside air temperature reaches 65
degrees F and any zone temperature is above 72 degrees F. 100%
loading occurs at approximately 95 degrees outside air temperature.

Models are calibrated with actual weather, observed compressor run
hours since the installation, the chiller lock-out hours and temperature,
chiller loading under extreme outdoor temperature conditions, chilled
water temperature, condenser water temperature, cooling tower
approach temperature, and observations from HVAC trend logs. Energy
impacts are based on typical weather data. A Title 24 baseline, nominal
efficiency, typical year bin weather data for the applicable climate zone,
and a chiller efficiency improvement of 0.01 kW /ton per degree of
approach temperature reduction are used in the bin analysis. To
compute the impacts, the following assumptions were used:

¢ A linear loading strategy was used for the analysis of both the
bascline and rebated chillers, which assumed initial loading at 65
degrees and 100% loading at 95 Degrees F.




Additional Notes

Impact Results

e  For the baseline chiller case a Title 24 baseline efficiency of 0.837
KW /ton is used, based on a water-cooled chiller between 150 and
300 tons.

*  An assumed chiller improvement of 0.01 KW /ton per degree
reduction of approach temperature is used to quantify the impacts
associated with the retrofit cooling tower.

Chiller efficiencies at various temperatures were calculated from
updated default performance coefficients provided in a memo to the
California Energy Commission titled “1995 Proposed Changes to the
ACM Manual Central Plant Cooling Equipment” by Mark Hydeman.
These coefficients were used to develop a chiller efficiency curve for the
Rebate case and a Title 24 base case. Evaluation-based demand impacts
were higher and energy impacts were lower than Ex Ante estimates.
Results from these calculations are summarized below and documented
in the attached workbook.

KW KWh Therm
MDSS 98 268,829.25 0
Adjusted 75.10 48,041.05 0
Engineering :
Engineering 0.77 0.18 N/A
Realization Rate




Site 1841: Results for Chiller and Cooling Tower Retrofit

Impact Savings
Energy Demand Energy Dermand
MDSS 268,829.25 98.00
QC 48,041.05 75.10 68,174.62 168.88
Reatization Rate 0.18 0.77

Title 24 Baseline Chiller

Post-Retrofit Chiller

Nom. Eff. 0.837142857
Nom. Tons 260
nom kw 217.66
Qutdoor DB gz::‘:: Tons Output Efficiency  Annual Energy Peak Demand

Temperature (F) vear (TMY) (kw/Ton)  Use (kwhsyear) (kw)

97 0.00 260 0.69 0.00 179.08

92 1.00 223 0.68 151.84 151.84

87 28.00 186 0.69 358307 127.97

82 58.00 149 0.72 6233.84 107.48

77 175.00 11 0.81 15814.02 90.37

72 406.50 74 1.03 3114915 76.63

67 740.25 37 1.78 49053.02 66.27

Totals 1408.75 105985.04 179.08

Nom, Eff 0.496

Nom. Tons 260

nom kw 128.96

Qutdoor DB Operating Efficiency  Annual Energy Peak Demand Operating  Actual Annua|
Temperature (F) Hours per year Tons Output wrTon)  Use (kWhiyear) kW) Hours per Year  Energy Use
(TMY) (Actual) (kWhtyear)
97 0.00 260 0.40 0.00 103.98 4.00 41593
92 1.00 223 0.40 88.15 88.15 5.00 440.73
87 28.00 186 0.39 2046.54 73.09 34.00 2485.08
82 58.00 149 0.41 3564.06 61.45 78.00 4793.04
77 175.00 th 0.46 8917.15 50.96 126.50 6445,83
72 406.50 74 0.58 17634.18 43.38 203.25 8817.09
67 740.25 7 1.00 27518.56 37.17 420.75 15641.25
Totals 1408.75 59768.63 103.98 867.5 39038.95

Pre-Retrofit Chiller

Nom, Eff 0.85

Nom. Tons 390

nom kw 331.5

Qutdoor DB Operating Efficiency Actual Annual Peak Demand
Temperature (F) Hours per year Tons Output kW/Ton) Energy Use kW]
{Actual) (kWhiyear)
97 4.00 390 0.70 1091.45 272.86
92 5.00 334 0.69 1156.78 231.36
87 34.00 279 0.70 6629.62 194,99
82 78.00 223 0.73 12773.64 163.76
77 126.50 167 0.82 17416.76 137.68
72 203.25 m 1.05 23727.62 116.74
67 420.75 56 1.81 42471.32 100.94
Totals 867.5 105267.19 272.86




Site 1841: Results for Chiller Retrofit Only ‘

Post-Retrofit Chiller
Nom. Eff 0.496 ‘
Nom. Tons 260 ‘
nom kw 128.96 |
|
Qutdoor DB Hooufse;::r;ia’ Tons Qutput Efficiency  Annual Energy Peak Demand (HJSE:‘:E A;:’::g:::’:' 3
Temperature (F) TMY) (kW/Ton)  Use. (kWh/year) (kW) Year (Actual)  (kWhiyean |
97 0.00 260 0.42 0.00 109.18 4.00 436.73 !
Impact Savings 92 1.00 223 0.42 92.60 92.60 5.00 463.01 |
Energy Demand Energy Demand 87 28.00 186 0.41 2150.54 76.80 34.00 2611.37
MDSS 268,829.25 98.00 82 58.00 149 0.43 3736.40 64.42 78.00 5024.82
QC | 46,216.41 75.10 66877.03 171.48 77 175.00 11 0.48 9307.15 53.18 126.50 6727.74
Realization Rate 0.17 0.77 72 406.50 74 0.60 18238.12 44.87 203.25 9119.06
67 740.25 37 1.02 28068.46 37.92 420.75 15953.80
Totals 1408.75 61593.27 109.18 867.5 40336.53
Title 24 Baseline Chiller Pre-Retrofit Chiller
Nom. Eff 0.837142857 Nom. Eff 0.85
Nom. Tons 260 Nom. Tons 390
nom kw 217.66 nom kw 3315
Temperature (F) year (TMY) (kW/Ton)  Use (kWh/year) (kw) Temperature (F) (Actual) (kW/Ton) (kWhiyear] (kW)
97 0.00 260 0.71 0.00 184.28 97 4.00 390 0.72 1122.65 280.66
92 1.00 223 0.70 156.29 156.29 92 5.00 334 0.71 1190.20 238.04
87 28.00 186 0.71 3687.17 131.68 87 34.00 279 0.72 6819.05 200.56
82 58.00 149 0.74 6406.18 110.45 82 78.00 223 0.75 13121.29 168.22
77 175.00 11 0.83 16204.02 92.59. 77 126.50 167 0.84 17839.63 141.02
72 406.50 74 1.05 31753.09 78.11 72 203.25 m 1.07 24180.58 118.97
67 740.25 37 1.80 49602.92 67.01 67 420.75 56 1.83 42940.15 102.06
Totals 1408.75 107809.68 184.28 Totals 867.5 107213.57 280.66




Site 1841: inputs to Model

Parameter Value Units Source
Building Location San Francisco
Climate Zone 3
Pre-Retrofit Nominal Chiller Capacity 390 Tons From Application
Pre-Retrofit Nominal Chiller Efficiency 0.85 kWi/ton From Application
Pre-Retrofit Cooling Tower Approach Temperature 12 F From Application
Post-Retrofit Nominal Chiller Tons 260 tons From Application
Post-Retrofit Nominal Chiller Efficiency 0.496 kW/ton Norman Wright Mechanical Equipment Corp
Title 24 Chiller Efficiency 0.837142857 kW/ton From Chiller Perfformance Curves
Post-Retrofit Cooling Tower Approach Temperature 10 F From Application
Chiller AM Lockout 7:45 AM EMS Contractor
Chiller PM Lockout 8:00 PM EMS Contractor
Chiller Startup OSA Temperature 64 F EMS Contractor
Chiller Max Load OSA Temperature 95 F Contact provided estimate
Chilled Water Supply Temperature Setpoint 44 F Chiller Display
Condenser Water Temperature Setpoint 75 F Norman Wright Mechanical Equipment Corp
Date of Chiller Installation 5/15/97 Comm-Air
Date at Run Hour Reading 7/19/99
Number of Days Chiller Operated 795 Days Calculated
Run Hours for New Chiller 2119 Hours Chiller Display
Average Hours per Year of Chiller Operation 972.87 Hours/Year Calculated from Observed Operating Conditions
Run Hours Since Install Using Actual Weather & Setpoints 2487.00 Hours Based on schedule and setpoints provided in interview and actual weather data
Hours per Year from Actual Weather Data 871.50 Hours/Year Based on schedule and setpoints provided in interview and actual weather data




Site 1841: Post-Retrofit Chilier

Outdoor

DB

Temperatu
re

97

92

87

82

77

72

67

Screw Chiller (Water-Source) a b e -
Capacity Correction (Tout, Tin) 0 58531422 0.01539593 0.00007296 -0.00212462 -0.00000715 | -0.00004597
Part Load Efficiency (PLR) 70.33018833] 0.23554291 0.46070828 : :
Temp Efficiency (Tout, Tin) 0.66625403 0.00068584 0.000284981 -0.00341677 0.00025484i -0.00048195)
Nom. Eff 0.496
Nom. Tons 260
nom kw 128.96
Current Data Calculated Values Efficiency
Part Load Ambient
Tons Output Condenser Supply temp Cu"e?t Part Lpad Adjustment  Adjustment EIR* coe kW/Ton
Temp Capacity Ratio
y toEIR to EIR
260 75 45 279 1.000 [ 1.026 0.825 0.1194 8.37 0.420
223 75 45 279 0.857 0.87 0.82 0.1182 8.46 0.416
186 74 45 280 0.714 0.73 0.81 0.1176 8.50 0.414
149 74 45 280 0.571 0.62 0.81 0.1233 8.11 0.434
11 73 45 281 0.429 0.52 0.80 0.1357 7.37 0.477
74 73 45 281 0.286 0.44 0.80 0.1718 5.82 0.604
37 72 45 283 0.143 0.37 0.79 0.2903 3.44 1.021

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR

Chiller Plant Coefficients -- Electric Water- Cooled Chlllers {source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

0.58531422

-0. 0004597

CAPFT 0.01539593 0.00007296 - 00212462 -0.00000715
EIRFT 0.66625 0.00069| D.OOOZBI -0.00342 0.00025; -0.00048
EIRFPLR 0.33019 0.23554 0.46071]

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)

This describes the change in EiR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.




Site 1841: Baseline Chiller

Screw Chiller (Water-Source) a b c d e f

Capacity Correction (Tout, Tin) 0.58531422 0.01539593 |  0.00007296 -0.00212462 | -0.00000715 |  -0.00004597

Part Load Efficiency (PLR) 0.33018833]  0.23554291 0.46070828 : ]

Temp Efficiency (Tout, Tin) 0.66625403]  0.00068584 000028498 -0.00341677]  0.00025484]  -0.0004B195

Nom. Eff 0.837

Nom. Tons 260

nom kw 217.66

Current Data Calculated Values Efficiency
Qutdoor Part Load Ambient
Tem?):ra(u Tons Output Co;:;nser Supply temp é:aur:z?: Pa';tatic;ad Adjustment  Adjustment EIR* corp kW/Ton
e P pactly to EIR 0 EIR

97 260 75 45 279 1.000 1.026 0.825 0.2016 4.96 0.709
92 223 75 45 279 0.857 0.87 0.82 0.1995 5.01 0.701
87 186 75 45 279 0.714 0.73 0.82 0.2017 4.96 0.709
82 149 75 45 279 0.571 0.62 0.82 0.2114 4.73 0.743
77 111 75 45 279 0.429 0.52 0.82 0.2363 4.23 0.831
72 74 75 45 279 0.286 0.44 0.82 0.2991 3.34 1.052
67 37 75 45 279 0.143 0.37 0.82 0.5131 1.95 1.804

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

CAPFT 0.58531422 0.01539593 0.000072%6 -0.00212462 -0.00000715 -0.00004597

EIRFT 0.66625 0.00069 0.00028’ -0.00342 0.00025, -0.00048]
EIRFPLR 0.33019 0.23554 0.46071' I

CAP-FT = A + (B x CHWS) + {C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992,




Site 1841: Pre-Retrofit Chiller

|
Screw Chiller (Water-Source) a e f |
Capacity Correction (Tout, Tin) 0.58531422 -0.00212462 -0.00000715 | -0.00004597
Part Load Efficiency (PLR) R et . e |
Temp Efficiency (Tout, Tin) 0.66625403]  0.00068584 0.00028498]  -0.00341677 0.00025484]  -0.00048195 ‘
Nom. Eff 0.85 i
Nom. Tons 390 |
norn kw 331.5 ‘
Current Data Calculated Values Efficiency
Qutdoor Part Load Ambient
Temtp’;Zralu Tons Output Co;::]r:er Supply temp CCaL:):i?t; Pa’;talt.ic;ad Adjustment  Adjustment EIR* cor kW/Ton
e to EIR to EIR
97 390 75 45 418 1.000 1.026 0.825 0.2047 4.89 0.720
92 334 75 45 418 0.857 0.87 0.82 0.2025 4.94 0.712
87 279 75 45 418 0.714 0.73 0.82 0.2048 4.88 0.720
82 223 75 45 418 0.571 0.62 0.82 0.2147 4.66 0.755
77 167 75 45 418 0.429 0.52 0.82 0.2400 4.17 0.844
72 1 75 45 418 0.286 0.44 0.82 0.3037 3.29 1.068
67 56 75 45 418 0.143 0.37 0.82 0.5210 1.92 1.832

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman Oc!ober 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

:CAPFT 0.58531422 0.01539593 0. 0007296 -0.002 1 2462 -0.00000715 -0. 00004597
{EIRFT 0.66625 0.00069 0.00028] -0.00342 0.00025 -0.00048

EEIRFPLR 0.33019, 0.23554 0.4607][ g

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature [CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions {PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.




Site 1841: Weather Data
TMY temperature data

Temp 0:00§ 1:00| 2:00§ 3:00| 4:00{5:00( 6:00] 7:00{ 8:00] 9:00{ 10:00] 11:00 12:00[ 13:00] 14:00] 15:00] 16:00]17:00] 18:00]19:00] 20:00] 21:00] 22:00 23:06_"0n Hours
32 0 0 1 4 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [ 0 i
37 6 9| 13} 13] 16| 15{ 18 2 1 0 0 0 0 0 0 0 0 0 0 Y 0 3 5 6|
42| 28| 31| 34f 46] 45] 44 38| 28| 12 5 1 0 0 1 1 1 1 2 5 6 7 16 21 26,
47t 721 77| 79| 84} 71| 66| 70| 65] 43| 31 12 8 ] 3 2 2 2 6 21 32 44 43 48 54
52f 120] 125| 125] 116] 127| 122]| 104] 85| 79| 68 60 43 26 20 17 21 36 53 68 78 93] 107| 124} 127
57] 116f 105] 100] 90] 95} 106} 112] 120] 104] B89} 83| 73] e8] 70] 80 79 95] 108] 115] 129] 129] 137 127] 125
62 21 7] 121N 9| 11} 19] 58| 98f 102 91 77 77 83 79 84 93 13 109 99 83 55 35 251
67 2 4] 1 1 1 1 3 5| 20} 56 74 77 72 78 84 78 83 60 38 19 9 4 5 2 740.25
72 0 1 0 0 0 0 0 1 7 9 32 51 64 61 58 57 37 19 9 2 [ 0 Q 0 406.5
77 0 0 0 0 0 0 0 0 1 S 10 Yl 3 30 28 28 15 6 0 0 0 0 0 0 175
82 0 0 0 0 0 Q 0 0 0 ] 2 8 13 11 11 9 4 0 0 0 0 4 0 0| 58
87 0 0 0 0 0 ] 0 0 0 0 0 1 8 7 3 6 1 0 0 0 [1] 0 0 0 28,
92 0 0 0 0 0 0 0 Q 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1
97 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
On Hours 1.75] 28] 70 18] 158] 188 188 186] 178] "140] 85] a7 21 1408.75
Actual temperature by hour from 07/20/98 to 07/19/99
Temp 0:001:00{2:00] 3:00] 4:00{5:00| 6:00] 7:00] 8:00] 9:00{ 10:00] 11:00] 12:00] 13:00| 14:00] 15:00] 16:00]17:00] 18:00] 15:00]20:00] 21:00] 22:00 23:00][On Hours
32 0 0 1 1 2 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3
37 6 8 7 8| 10 9] 13] 10 3 0 0 0 0 0 0 0 0 0 1 2 k] 3 2 1
42| 21{ 24| 29] 32{ 33| 33| 28| 17 8 8 4 1 1 0 0 0 1 3 3 4 6 10 16 19
47|l 45] 45| 45] 43| 44| 43{ 40| 42| 38[ 24 16 12 9 10 7 6 8 13 18 28 37 37 39 44|
52f 77\ 77| 74} 75| 76| 73| 53| 54| 54{ 50 43 37 25 23 24 30 39 52 66 71 74 80 78 77|
57 63] 64| 69| 68] 63| 69] 75| 70| 61| 62 62 55 56 58 62 61 68 73 80 78 76 72 70 63)
62] 40 35| 28 26| 23| 24| 29| 39| 54] 55 54 62 67 57 59 68 57 57 52 46 45 M 43 43
67 3 3 3 3 3 3 7] 15| 22] 30 41 42 42 47 47 42 41 25 20 18 11 11 6 5| 420.75
72 1 0 0 0 0 0 3 5{ 11y 17 14 20 24 26 19 16 18 19 1 7 3 2 1 1 203.25
77 0 0 0 0 0 0 0 2 4 7 15 17 14 13 16 13 12 10 3 2 1 0 0 0 126.5
82 of o] o] of of o] of of 1] 3 5 5| 10] 3] 18] e 9 2 2 0 0 0 0 0 78|
87 0 0 ¢} 0 0 0 0 0 0 0 2 5 6 7 6 4 2 2 0 0 0 0 0 0 34
92 0 0 0 0 0 0 0 0 0 0 0 Q 1 1 1 1 1 0 0 0 0 0 0 0 5
97 0 0 0 0 0 0 0 0 0 ] 0 Q 1 1 1 1 [ [] 0 0 0 0 0 0 4
On Hours 5.5] 38{ 57| 77] 89 98] 108f 104] 91 83] 58] 3] 27 871.50]
Actual temperature by hour from 05/15/97 to 07/19/99
Temp 0:00§1:00]2:00] 3:00[ 4:005:00] 6:00] 7:00] 8:00{ 9:00] 10:00{ 11:00 12;00{ 13:00 14:00[ 15:00] 16:00] 17:00[ 18:00] 19:00] 20:00] 21:00] 22:00 23:00][On Hours
32 0 0 1 1 2 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3
37 6 9 91 10| 13| 12| 16] 13 3 0 0 0 0 0 0 0 0 0 1 2 3 3 2 1
421 30 35| 40| 47| 52| 49] 44] 25 10 9 4 1 1 0 0 0 1 3 3 4 8 13 19 25,
471 77\ 77{ 80] 77| 76| 77| 76} 71| 61| 30 21 15 1 13 10 8 10 18 27 40 53 60 65 72
52 134{ 142 139] 142{ 142] 145} 116] 103 97| 93 73 58 41 36 37 46 66 90| 113 124] 127] 128] 133] 137
57| 175] 173 178] 178] 175] 168] 159 146] 129] 127] 120 107 99| 100f 11| 109 1271 141| 161 168] 177 184] 173| 172
62 111] 102} 88| 83] 82| 86{ 96| 107] 120] 113] t13] 122] 135] 124] Mm17] 139 1231 137] 120 124} 121 114] 124} 114
67| 16] 13| 16| 13 9| 12] 37] 621 72| 86 89 92 86 90 97 87 87 83 83 66 52 43 1 25 1033.5
72 2 0 0 0 0 0 5] 19] 46| 60 64 66 68 74 66 66 75 61 26 17 7 4 3 2 693.75
77 0 0 0 0 0 0 0 3| 11| 25 47 56 61 55 60 52 37 25 12 5 2 2 0j. 446.75
82 0 Q Y 0 0 0 0 0 2 7 15 21 30 38 33 29 18 10 4 1 1 0 0f. 208,
87 1] 0 4] 0 0 Y] 0 0 0 1 5 13 13 15 14 9 5 2 1 0 0 0 0i. 78
92 9 0 o 0 0 0 0 0 0 0 0 Y 5 5 4 4 2 1 0 0 0 0 0}. 21
97 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2 2 0 0 0 0 0 0 0f. 6|
[On Hours 211 131 179} 220] 248] 264| 278| 276f 249 224) 182] 126 89 2487.00




Chiller Replacement and Heat Exchanger Installation (Site 1909)

Program Advanced Performance Options Program

Measure High Efficiency Water-Cooled Chillers and
Heat Exchanger

Site Description Office

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Replace 2 existing 150-ton chillers and 2 existing 500-ton chillers with
high efficiency units and add a plate-frame heat exchanger to utilize free
cooling when available.

Impacts were developed using DOE2.1E simulation program based on
climate zone, building type, and chiller characteristics.

The correct climate zone, chiller size category and building
characteristics were used in the application calculations. There was not
sufficient documentation to verify the heat exchanger characteristics, but
the results seem to be consistent with the installed equipment. The
application appears to have over-estimated the usage of the post-retrofit
chillers, resulting in a modest over-estimation of impact. The most likely
source of error is the loading and staging strategy for the heat exchanger
and chillers.

The evaluation process consists of a review of the application form and
supporting documentation, conducting an on-site survey and then
computing impacts using the on-site data.

The on-site survey was conducted on June 24, 1999 in San Francisco
(Climate Zone 3). Information on the retrofit equipment and operating
conditions was collected through an inspection of the chillers and heat
exchanger and through an interview with both the Lead Project Engineer
and the Chief Building Engineer.

The trend logs from the EMS provided data for development of a
relationship between chiller loading and outdoor dry bulb. The staging
strategy for the plant provided by the contact varied from the data
provided in the EMS trend logs. Stage 1 consists of the plate-frame heat
exchanger. The trend logs indicate that the heat exchanger operates 24
hours per day on weekends and holidays and from 6:00 pm to 6:00 am
on weekdays. There was no evidence of heat exchanger operation
during business hours. Stage 2 is suppose to bring one 150-ton chiller
online and utilizes the heat exchanger as a pre-cooler. This stage was not
observed from the trend logs. Stage 3 brings both 150-ton chiller online,
and uses the heat exchanger as a pre-cooler when ambient conditions are
appropriate. Stage 4 shuts down the 150-ton chillers and the heat
exchanger and brings one 500-ton chiller online. The contacts claim to
have never passed this point and the EMS trend logs support this claim.

Models are calibrated with actual weather, EMS trend logs supplied by
the contact, observed chiller run hours since the installation, chiller
staging strategy supplied by the contact, chilled water temperatures, and




Additional Notes

Impact Results

condenser water temperatures. Energy impacts are based on typical
weather data. A Title 24 baseline, nominal efficiency, and typical year
bin weather data for the applicable climate zone are used in the bin
analysis. To compute the impacts, the following assumptions were used:

s The baseline for the heat exchanger is a 150-ton Title-24 water-cooled
centrifugal chiller; identical to the two 150-ton chillers modeled.

s A baseline Title 24 efficiency of 0.837 kW /ton was used for the 150-
ton centrifugal chillers and heat exchanger and a baseline Title 24
efficiency of 0.748 KW/ton was used for the 500-ton centrifugal
chillers.

Chiller efficiencies at various temperatures were calculated from
updated default performance coefficients provided in a memo to the
California Energy Commission titled “1995 Proposed Changes to the
ACM Manual Central Plant Cooling Equipment” by Mark Hydeman.
These coefficients were used to develop a chiller efficiency curve for the
Rebate case and a Title 24 base case. Both evaluation-based demand and
energy impacts were lower than Ex Ante estimates. Results from these
calculations are summarized below and documented in the attached
workbook.

KwW KWh Therm
MDSS 80.00 483,304.54 0
Adjusted 46.25 424,813.49 0
Engineering )
Engineering 0.58 0.88 N/A
Realization Rate




Site 1909: Results Summary

Impacts Savings
Energy Demand Energy Demand
MDSS 483,305 80
QC 424,813 46 658,808 147
Realization Rate 0.88 0.58
Chiller 1 Impacts Savings
Energy Demand Energy Demand
MDSS 483,305 80
QC 0 0 0 0
Realization Rate 0.00 0.00
Chiller #2 Impacts Savings
Energy Demand Energy Demand
MDSS 483,305 80
QC - 7,571 46 24,126 147
Realization Rate 0.02 0.58.
Chifler #3 & #4 Impacts Savings
Energy Demand Energy Demand
MDSS 483,305 80
QC 127,595 61 254,088 123
Realization Rate 0.26 0.76
Heat Exchanger Impacts Savings
Energy Demand Energy Demand
MDSS 483,305 80
QC 289,647 67 380,594 88
Realization Rate 0.60 0.83




Site 1909: Inputs to Model

Parameter Value Reported Units of Parameter Notes
City San Francisco
Climate Zone 3
Chiller #1 Pre-Retrofit Nominal Capacity 500 Tons Application
Chiller #1 Pre-Retrofit Nominal Efficiency 1.05 kW/ton Application
Chiller #1 Post-Retrofit Nominal Capacity 500 Tons Application
Chiller #1 Post-Retrofit Nominal Efficiency 0.61 kWi/ton Application
Chiller #1 Baseline Efficiency 0.748 kW/ton Title 24 Nominal Efficiency for Chiller > 300 Tons
Chiller #2 Pre-Retrofit Nominal Capacity 500 Tons Application
Chiller #2 Pre-Retrofit Nominal Efficiency 1.05 kW/ton Application
Chiller #2 Post-Retrofit Nominal Capacity 500 Tons Application
Chiller #2 Post-Retrofit Nominal Efficiency 0.61 kW/ton Application
Chiller #2 Baseline Efficiency 0.748 kW/ton Title 24 Nominal Efficiency for Chiller > 300 Tons
Chiller #3 Pre-Retrofit Nominal Capacity 150 Tons Application
Chiller #3 Pre-Retrofit Nominal Efficiency 1.1 kW/ton Application
Chitler #3 Post-Retrofit Nominal Capacity 150 Tons Application
Chiller #3 Post-Retrofit Nominal Efficiency 0.58 kWiton Application
Chiller #3 Baseline Efficiency 0.837 kW/ton Title 24 Nominal Efficiency for Chiller > 300 Tons
Chiller #4 Pre-Retrofit Nominal Capacity 150 Tons Application
Chitler #4 Pre-Retrofit Nominal Efficiency 1.1 kWi/ton Application
Chiller #4 Post-Retrofit Nominal Capacity 150 Tons Application
Chiller #4 Post-Retrofit Nominal Efficiency 0.58 kWrton Application
Chiller #4 Baseline tfficiency 0.837 kWiton Title 24 Nominal Efficiency for Chiller > 300 Tons
Post-Retrofit Heat Exchanger Capacity 150 Tons Application
Heat Exchanger Pre-Retrofit Chiller Nominal Capacity 150 Tons Application
Heat Exchanger Pre-Retrofit Chiller Nominal Efficiency 1.1 kW/ton Application
Baseline Chiller Efficiency 0.837 kW/ton Title 24 Nominal Efficiency for Chiller > 300 Tons
Chiller AM Lockout 6:00 AM Contact provided schedule; Inverse schedule for Heat Exchanger
Chiller PM Lockout 18:00 PM Contact provided schedule; Inverse schedule for Heat Exchanger
Chiller Startup OSA Temperature 55 F Contact provided estimate
Date of Chiller Installation 7/15/97 Contact provided estimate
Date at Run Hour Reading 6/24/99 Chiller Log
Number of Days Chiller Operated 486 days (M-F Only) = ((Read Date - Install Date) * 5/7) - 20 Holidays
Run Hours for Chiller #1 1531 hours Documented from Chiller Log
Run Hours for Chiller #2 1389 hours Documented from Chiller Log
Run Hours for Chiller #3 7758 hours Documented from Chiller Log
Run Hours for Chiller #4 uTb hours




Site 1909: Results for Chiller 21

Post-Retrofit Chiller #1

Impacts Savings
Energy Demand Energy Demand
MDSS 483,305 80
QC 0 0 0 0
Realization Rate 0.00 0.00
Title 24 Baseline Chiller st
Nom. Eff 0.748
Nom. Tons 500
nom kw 374.043
Qutdoor DB Ho?ierae'rmiar Tons Outout Efficiency | Annual Energy | Peak Demand
Temperature (F) (TAF:\Y)Y utp (kW/Ton) |Use (kWh/year) kw)
102 0.00 400 0.657 0.00 0.00
Totals 0.00 0.00 0.00

Nom. Eff 0.61
Nom. Tons 500
nom kw 305
. Annual Energy . Annual Energy
Outdoor DB 32:’::(:: Tons Output Efficiency Use Peak Demand Hoc:f:;:r;iar Use
Temperature (F) year (TMY) (kW/Ton} (kWhyyear), (kW) (Actwal) (kwhyear),
(TMY) {Actual)
102 0.00 400 0.536 0.00 0.00 0.00 0.00
Totals 0.00 0.00 0.00 0.00 0.00
Pre-Retrofit Chiller #1
Nom. Eff 1.050
Nom. Tons 500
nom kw 525
. Annual Energy . Annual Energy
Qutdoor DB 823::""; Tons Out Efficiency Use Peak Demand Hogzerae!rmiar Use
Temperature (F) p put (kW/Ton) (kWh/year), (kW) Pery (kWh/year),
year (TMY) (T™Y) (Actual) (Actual)
102 0.00 400 0.922 0.00 0.00 0.00 0.00
Totals 0.00 0.00 0.00 0.00 0.00




Site 1909: Results for Chiller 22

Post-Retrofit Chiller 42

Impacts Savings
Energy Demand Energy Demand
MDSS 483,305 80
QC 7,571 46 24,126 147
Realization Rate 0.02 0.58
Title 24 Baseline Chiller #2
Nom. Eff 0.748
Nom. Tons 500
nom kw 374
Outdoor DB Hoou?segz'r”;iar Tons Qutput Efficiency | Annual Energy | Peak Demand
Temperature (F} (TMY) (kW/Ton) [ Use (kWhryear) (kw)
97 0.00 380 0.658 0.00 250.55
92 0.71 361 0.671 172.88 242.03
87 20.00 kL 0.685 4,665.76 233.29
82 41.43 321 0.700 9,292.86 224.31
77 125.00 301 0.716 26,886.58 215.09
Totals 187.14 41,018.08 250.55

Nom. Eff 0.61
Nom. Tons 500
nom kw 305
. Annual Energy . Annual Energy
Outdoor DB 225:1’;% Tons Output Eificiency Use Peak Demand Hoc::)se:)ael:nygear Use
Temperature (F) (kw/Ton} (kWhiyear), (kw) (kWh/year),
year (TMY) (TMY) (Actual) {Actual)
97 0.00 380 0.537 0.00 204.30 0.00 0.00
92 0.71 361 0.547 140.97 197.36 1.00 197.36
87 20.00 n 0.559 3,804.53 190.23 16.00 3,043.63
82 41.43 2 0.571 7,577.54 182.N 66.00 12,071.80
77 125.00 301 0.584 21,923.73 175.3% 168.00 29,465.49
Totals 187.14 33,446.77 204.30 251.00 44,778.28
Pre-Retrofit Chiller #2
Nom., Eff 1.050
Nom. Tons 500
nom kw 525
. Annual Energy . Annual Energy
Outdoor DB ggﬁ:“r;gr Tons Output Efficiency Use Peak Demand Hoou?serzlrmgear Use
Temperature (F) P PUL ewrmon) | (kwihuyear), (kW) PErYeArl ewtvyean),
year (TMY) TMY) (Actual {Actual)
97 0.00 380 0.924 0.00 351.67 0.00 0.00
92 0.71 361 0.942 242.65 339.71 1.00 339.71
87 20.00 I 0.962 6,548.79 327.44 16.00 5,239.03
82 41.43 kY3l 0.982 13,043.30 314.84 66.00 20,779.33
77 125.00 301 1.005 37,737.56 301.90 168.00 50,719.29
Totals 187.14 57,572.31 351.67 251.00 77,077.36




Site 1909: Results for Chiller 53 & #4

Post-Retrofit Chiller 23 & #4

Impacts Savings
Energy Demand Energy Demand
MDSS 483,305 80
QC 127,595 61 254,088 123
Realization Rate 0.26 0.76
Title 24 Baseline Chiller #3 & #4
Nom. Eff 0.837
Nom. Tons 300
nom kw 251.1428571
Qutdoor DB H:zf::;:‘;iar Tons Output Efficiency | Annual Energy | Peak Demand
Temperature (F) (TMY) {kW/Ton) | Use (kWhsiyear) kw)
72 283.57 281 0.709 56,373.31 196.80
67 492.86 261 0.730 93,740.35 190.20
62 692.86 241 0.756 125,932.61 181.76
57 776.43 221 0.788 134,954.88 173.81
Totals 2,245.71 411,001.14 198.80

Nom. Eff 0.58
Nom. Tans 300
nom kw 174
Operating Annual Operating Annual Energy
Outdoor DB Hours per | Tons Output Efficiency Energy Use | Peak Demand Hours per year Use
Temperature (F} year (TMY) (kW/Ton) | (kWh/year), (kw) (Actual) (kwhiyear),
(TMY) {Actual)
72 283.57 281 0.491 39,020.03 137.60 263.00 36,189.35
67 492.86 261 0.506 64,946.18 131.77 883.00 116,357.20
62 692.86 241 0.522 87,020.77 125.60 1,717.00 215,650.02
57 ° 776.43 221 0.540 92,419.11 119.03 2,025.00 241,514.01
Totals 2,245.71 283,406.08 137.60 4,892.00 609,710.57
Pre-Retrofit Chiller #3 & #4
Nom. Eff 0.57
Nom. Tons 300
nom kw 171
. Annual , Annual Energy
Outdoor DB Sss:':;% Tons Output Efficiency Energy Use | Peak Demand Hoc:?serae(rmiar Use
Temperature (F) P (kw/Ton) (kWhyyear), (kw) per v (kwWivyear),
year (TMY) TMY) (Actual) (Actual)
72 283.57 281 0.930 74,003.50 260.97 263.00 68,634.98
67 492.86 261 0.959 123,173.79 249.92 883.00 220,677 .44
62 692.86 241 0.990 165.039.38 238.20 1,717.00 408,991.41
57 776.43 221 1.024 175,277.62 225.75 2,029.00 458,043.81
Totals 2,245.71 537,494.29 260.97 4,892.00 1,156,347.64

Note: The effect of the new cooling tower is a 0.01 kW/ton decrease per degree decrease in approac

h temperature for the post-retrofit case only.




Site 1909. Results for Heat Exchanger

Post-Retrofit Heat Exchanger

Nom, Eff 0
Nom. Tons 150
nom kw 0
. Annual Energy . Annual Energy
QOutdoor DB 323;:';% Tons Output Efficiency Use Peak Demand Ho?f:;‘:';iar Use
Temperature (f) (kw/Ton) (kWh/year), (kW) (kWh/year),
year (TMY) (TMY) (Actual) {Actual)
92 0.29 15 0.000 0.00 0.00 0.29 0.00
87 8.00 115 0.000 0.00 0.00 314
82 16.57 115 0.000 0.00 0.00 10.86
77 50.00 15 0.000 0.00 0.00 28.71
72 125.43 15 0.000 0.00 0.00 69.71
67 280.14 115 0.000 0.00 0.00 227.43 0.00
62 764.14 15 0.000 0.00 0.00 731.00 0.00
57 1,684.57 115 0.000 0.00 0.00 1,713.43 0.00
52 1,506.86 115 0.000 0.00 0.00 1,769.00 0.00
Totals 4,436.00 0.00 0.00 4,553.57 0.00
Pre-Retrofit Chiller
Nom. Eff 1.050
Nom. Tons 150
nom kw 158
. Annual Energy : . Annual Energy
QOutdoor DB Operating Tons O Efficiency Use Peak Demand H Operating Use
Temperature (F) Hours per ons Output (kwW/Ton) tkWhtyear), (kW) Ours per year (kWh/year),
year (TMY) TMY) (Actual) (Actual)
92 0.29 15 0.647 21.27 7443 0.29 21.27
87 8.00 115 0.661 608.10 76.01 3.14 238.90
82 16.57 15 0.675 1,286.35 77.62 10.86 842.78
77 50.00 115 0.689 3,963.10 79.26 28.71 2,275.95
72 125.43 115 0.704 10,149.82 80.92 69.71 5,641.36
67 280.14 115 0.718 23,139.22 82.60 227.43 18,785.13
62 764.14 115 0.733 64,409.05 84.29 731.00 61,615.46
57 1,684.57 15 0.748 144,859.97 85.99 1,713.43 147,341.46
52 1,506.86 15 0.763 132,157.46 87.70 1,769.00 155,148.45
Totals 4,436.00 380,594.34 87.70 4,553.57 391,910.75

Impacts Savings
Energy Demand Energy Demand
MDSS 483,305 80
QC 289,647 67 380,594 - 88
Realization Rate 0.60 0.83
Title 24 Baseline Chiller
Nom. Eff 0.837
Nom. Tons 150
nom kw 126
Qutdoor D8 Hoouf_’:ﬁ;t:ng Tons O Efficiency | Annual Energy | Peak Demand
Temperature (F) per year} Tons Output (kW/Ton) | Use (kWhvyear) (kW)
(TMY)
92 0.29 15 0.493 16.18 56.65
87 8.00 115 0.503 462.79 57.85
82 16.57 15 0.514 978.96 59.08
77 50.00 115 0.525 3,016.07 60.32
72 125.43 115 0.536 7,724.40 61.58
67 280.14 115 0.547 17,609.85 62.86
62 764.14 115 0.558 49,017.80 64.15
57 1,684.57 115 0.569 110,244.08 65.44
52 1,506.86 115 0.580 100,576.98 66.75
Totals 4,436.00 289,647.12 66.75




Site 1909: Post-Retrofit Chiller #1

Centrifugal Chiller (Water-Source) a b c d e f
Capacity Correction (Tout, Tin) 02086200 1 0.029961 | -0.000801 T T6.017363 0.000326 | 0.000631 1‘
Part Load Efficiency (PLR) s e PPTIT C Ei T SR .
Temp Efficiency (Tout, Tin) | 051777196 -0.00400363 0.00002028 0.00696793]  0.00008290(  -0.00015457
Nom. Eff 0.61
Nom. Tons 500
nom kw 305
Current Data Calculated Values Efficiency
Outdoor Part Load  Ambi
rt Loa mbient
DB Condenser Current Part Load a
. . . p
Temperatu Tons Output Temp Supply temp Capacity Ratio Adjustment  Adjustment EIR co kW/Ton
re to EIR to EIR
102 400 81.3 48.0 507 0.790 0.784 0.885 0.1524 6.56 0.536

EIR = EIRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Ele

ctric Water-Cool

ed Chillers (source Mark Hydeman October 2, 1997 Propose

d Changes to the ACM Manual -- Central Plant Cooling Equipment)

- Gz T | PO S -‘
CAPFT -0.29861976, 0.02996076 -0.00080125¢ 0.01736268} -0.00032606 0.00063139
EIRFT 0.51777196 -0.00400363 0.000020281 0.00698793]  0.00008290; -0.00015467
EIRFPLR 0.17149273 0.58820208 0.23737257! y

CAP-FT = A + (B x CHWS) + [C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)

This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR} + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)

This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.



Site 1909: Post-Retrofit Chiller #2

Centrifugal Chiller (Water-Sourcea b d e
Capacity Correction (Tout, Tin) | -0.298620 0029961 "1 0.000801 0017363 | 0000326 | 0000631
Part Load Efficiency (PLR) 0.1714927] " T 0.5882021] 02373726
Temp Efficiency (Tout, Tin) 0.51777196 -0.00400363 0.00002028| 0.00698793{  0.00008290] -0.00015467}
Nom. Eff 0.61
Nom. Tons 500
nom kw 305
Current Data Calculated Values Efficiency
Outdoor b d 0
Loa Ambient
D8 Condenser Current Part Load at
H H L]
Temperatu Tons Qutput Temp Supply temp Capacity Ratio Adjustment Adjustment EIR cop kW/Ton
e to EIR to EIR
97 380 81.3 48.0 507 0.751 0.747 0.885 0.1527 6.55 0.537
92 361 81.3 47.0 504 0.71 0.71 0.90 0.1557 6.42 0.547
87 341 81.3 46.0 501 0.68 0.68 0.91 0.1589 6.29 0.559
82 321 81.3 45.0 497 0.65 0.65 0.93 0.1623 6.16 0.571
77 30 81.3 44.0 492 0.61 0.62 0.94 0.1660 6.02 0.584

EIR = EiRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coeffrcrents -- Electrrc Water Cooled Chrllers (source Mark Hydeman October 2 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

-0. 29861976

0.02996076

0.01736268|

0 00032606

0.00063139

gCAPFT -0.000801 25|
) EEIRFT 0.51777196 -0.00400363 0.000020281 0.00698793) 0.00008290;  -0.00015467,
iEIRFPLR 0.17149273 0.58820208 0.23737257|

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)

This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual -

November 1992.




Site 1909: Post-Retrofit Chiller #3

QOutdoor

DB

Temperatu

re

72
67
62
57

Centrifugal Chiller (Water-Sourcea b d e
Capacity Correction (Tout, Tin) | -0.298620 0.029961 -0.000801 0.017363 -0.000326 0.000631
Part Load Efficiency (PLR) TS T R T R
Temp Efficiency (Tout, Tin) 051777196  -0.00400363] 0.00002028 0.00698793; ~ 0.00008290  -0.00015167
Nam. Eff 0.58
Nom. Tons 150
nom kw 87
Current Data Calculated Values Efficiency
Part Load  Ambient
Tons Output Co;;i:'nser Supply temp é‘u:i?tt Pa;all.ic;))ad Adjustment Adjustment EIR* corp kW/Ton
P pactty to EIR to EIR
140 81.3 50.3 153 0.92 0.91 0.85 0.1394 717 0.490
130 81.3 48.1 152 0.86 0.85 0.88 0.1445 6.92 0.508
120 81.3 459 150 0.80 0.80 0.92 0.1500 6.67 0.527
110 81.3 437 147 0.75 0.75 0.95 0.1557 6.42 0.547

EIR = ElRrated x EtR-FT x EIR-FPLR / PLR.

Chiller Plant Coefflaents -- Electric Water Cooled Ch|IIers (source Mark Hydeman Octaber 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)

-0.29861976

0.02996076

0.00063139

;CAPFT -0.00080125 0.01736268] -0.00032606
PEIRFT 051777196 -0.004003631 0.00002028]  0.00636793]  0.00008290] -0.00015467
[EIRFPLR 017149273  0.58820208 0.23737257]

This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAFE/IES Standard 90.1-1989 User's Manual - November 1992,



Site 1909: Post-Retrofit Chiller #4

Centrifugal Chiller (Water-Sourcea b c d e f
Capacity Correction (Tout, Tin) -0.298620 0.029961 -0.000801 0.017363 -0.000326 0.000631
Part Load Efficiency (PLR) T T R T R
Temp Efficiency (Tout, Tin) 0.51777196) -0.00400363 0.00002028] 0006987937 0.00008290}  -0.00015467,
Nom. Eff 0.58
Nom. Tons ’ 150
nom kw 87
Current Data Calculated Values Efficiency
Outdoor Part Load bi
DB art Loa Ambient
T t Tons Output Condenser Supply temp Currern Part L'oad Adjustment Adjustment EIR* corp kW/Ton
emperatu Temp Capacity Ratio
re to EIR to EIR
72 140 81.3 50.2 153 0.92 0.9 0.85 0.1396 7.16 0.491
67 130 81.3 48.7 152 0.85 0.85 0.88 0.1432 6.98 0.503
62 120 81.3 47.1 151 0.79 0.79 0.90 0.1471 6.80 0.517
57 110 81.3 455 150 0.74 0.73 0.92 0.1513 6.61 0.532

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

Lo I e g

-0.29861976| 0.02996076;

3,
y

& - | E
-0.00032606 0.00063139

:CAPFT -0.000801 23 0.01736268
[EIRFT U T 0m1777196) T 10.00400363] 0.00002028| 0.00698793]  0.00008290|  -0.00015467]
'EIRFPLR 0.17149273 0.58820208 0.23737257)

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin),

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992,




Site 1909:

Outdoor
DB
Temperatu
e
92
87
82
77
72
67
62
57
52

Post-Retrofit Heat Exchanger

Centrifugal Chiller (Water-Sourcea b d e f

Capacity Correction {Tout, Tin) | 0298620 0.029961 -0.000801 0.017363 -0.000326 | 0.000631

Part Load Efficiency (PLR) ST T T RIS, S, S

Temp Efficiency (Tout, Tin) 0.51777196 -0.00400363 0.00002028 0.00698793]  0.00008250; -0.00015467

Nom. Eff 0

Nom. Tons 150

nom kw 0

Current Data Calculated Values Efficiency
Part Load  Ambient
Tons Qutput Condenser Supply temp CurreT\l Part L.oad Adjustment Adjustment EIR~ cop kW/Ton
Temp Capacity Ratio
to EIR to EIR
115 75 64 125 0.92 0.91 0.59 0.0000 #DIV/0! 0.000
115 75 63 129 0.89 0.88 0.61 0.0000 #DIV/0! 0.000
115 75 62 132 0.87 0.86 0.62 0.0000 #DIV/0! 0.000
115 75 61 136 0.85 0.84 0.63 0.0000 #DIV/0! 0.000
115 75 60 139 0.83 0.82 0.64 0.0000 £DIV/0! 0.000
115 75 59 141 0.81 0.81 0.66 0.0000 #DIV/0! 0.000
115 75 58 144 0.80 0.79 0.67 0.0000  #DIv/0! 0.000
15 75 57 146 0.79 0.78 0.68 0.0000 #DIV/0! 0.000
115 75 56 148 0.78 0.77 0.70 0.0000 #DIV/0! 0.000
EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.
ooled Chillers (source Mark Hyd

Chiller Plant Coefficients

-- Electri

L AT

CAPFT

[

-0.29861976)

0.02996076|

a ¥
001736268

sed

-0.000326

06)

Changes to t
g

R
0.00063139

EIRFT

0.51777196!

-0.00400363

0.17149273

0.58820208|

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)

This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR =

A+ (B x PLR) + (C x PLR x PLR)

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)

This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.

he ACM Manual -- Central Plant Cooling Equipment)




Site 1909: Baseline Chiller #1

Centrifugal Chiller (Water-Sourcea b c
Capacity Correction (Tout, Tin) -0 298620 0.029961 -0.000801 0.017363 -0.000326 0.000631 '
Part Load Efficiency (PLR) B T B 2 T I e ER R
Temp Efficiency (Tout, Tin) 0.51777196| -0.00400363] 0.00002028 0.00698793]  0.00008290]  -0.00015267;
Nom. Eff 0.748
Nom. Tons 500
nom kw 374.043
Current Data Calculated Values Efficiency
Outdoor Parttoad  Ambi
D8 C 1 P rtLoad art Loa mbient
T Tons Output Condenser Supply temp urren an Adjustment Adjustment| EIR* cop kW/Ton
emperatu Temp Capacity Ratio
re to EIR to EIR
102 400 81.3 48.0 507 0.790 0.784 0.885 0.1869 5.35 0.657

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR,

Chiller Plant Coef'flaents -- Electric Water-Cooled Ch|IIers (source Mark Hydeman October 2 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

iCAPFT

-0.29861 976

0.02996076

-0.00080125,

o8
0.01736268

-0.00032606|

0.000631 39i

{EIRFT

0.51777196

-0.00400363

0.00002028

0.00698793

0.00008290

-0.00015467

[EIRFPLR

0.17149273

0.58820208l

0.23737257

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)

This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual

- Novernber 1992.



Site 1909: Baseline Chiller #2

Centrifugal Chiller (Water-Sourcea b c d e f
Capacity Correction (Tout, Tin) -0.298620 0.029961 -0.000801 0.017363 i -0.000326 0.000631
Part Load Efficiency (PLR) oo Rt o
Temp Efficiency (Tout, Tin) 051777196]  -0.00400363 0.00002028 0.00698793]  0.00008290  -0.00015467
Nom. Eff 0.748
Nom. Tons 500
nom kw 374.043
Current Data Calculated Values Efficiency
Qutdoor Part Load  Ambi
DB p art Loa mbient
T Tons Output Condenser Supply temp Currelj\t ant Lpad Adjustment Adjustment EIR* corp kW/Ton
emperatu Temp Capacity Ratio
re to EIR to EIR
97 380 81.3 48.0 507 0.751 0.747 0.885 0.1873 534 0.658
92 361 81.3 47.0 504 0.71 0.71 0.90 0.1910 5.24 0.671
87 341 81.3 46.0 501 0.68 0.68 0.91 0.1949 5.13 0.685
82 321 81.3 45.0 497 0.65 0.65 0.93 0.1990 5.02 0.700
77 301 81.3 44.0 492 0.61 0.62 0.94 0.2036 4.9 0.716

EIR = EIRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefﬂc:ents -- Electnc Water Cooled Chlllers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

CAPFT -0.29861976 0.02996076 B -0.000801 25[ 0.01736268{ -0.00032606 0. 000631 39
EIRFT 0.51777196 -0.00400363 0.00002028| 0.00698793|  0.00008290] -0.00015467
EIRFPLR 0.17149273 0.58820208 0.23737257'

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAEAES Standard 90.1-1989 User's Manual - November 1992.



Site 1909: Baseline Chiller #3

Centrifugal Chiller (Water-Sourcea b d e
Capacity Correction (Tout, Tin) | -0.298620 | 0.029961 -0.000801 0.017363 -0.000326 | 0.000631 .
Part Load Efficiency (PLR) e o TR T R
Temp Efficiency (Tout, Tin) 0.51777196 -0.00400363 0.00002028 0.00698793{  0.00008290] -0.00015467;
Nom. Eff 0.837
Nom. Tons 150
nom kw 125.571
Current Data Calculated Values Efficiency
Outdoor Part Load b
DB p art Loa Ambient
T Tons Output Condenser Supply temp c”"ef“ an Lpad Adjustment Adjustment EIR* cop kW/Ton
emperatu Temp Capacity Ratio
re to EIR to EIR
72 137 81.3 503 153 0.89 0.89 0.85 0.2010 497 0.707
67 129 81.3 48.1 152 0.85 0.84 0.88 0.2086 4.79 0.733
62 120 81.3 45.9 150 0.80 0.80 0.92 0.2164 4.62 0.761
57 112 81.3 43.7 147 0.76 0.76 0.95 0.2246 4.45 0.790

EIR = EIRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

b ) e L8 o I

.29861976

Tosi777ige

0. 02996076!

|

-0.00400363]

-0.00080125

0.01736268

-0.00032606,

0.000631 39

0.00002028

0.00698793

0.00008290;

10.00015467!

TEIRFPLR

0.17149273

0.58520208|

0.23737257

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)

This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR}

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAF/IES Standard 90.1-1989 User's Manual - November 1992.




Site 1909: Baseline Chiiler #4

Outdoor
DB
Temperatu
re
72
67
62
57

Centrifugal Chiller (Water-Sourcea b d e f
Capacity Correction (Tout, Tin) -0.298620 0.029961 -0.000801 0.017363 -0.000326 0.000631
Part Load Efficiency (PLR) T ] 1 e R
Temp Efficiency (Tout, Tin) 0.51777196]  -0.00400363 0.00002028 0.00698793]  0.00008290] ~ -0.00015467,
Nom. Eff 0.837
Nom. Tons 150
nom kw 125.571
Current Data Calculated Values Efficiency
PartLoad  Ambient
Tons Output Co;dne:ser Supply temp é:u:eT Pa:atic;ad Adjustment Adjustment EIR* corp kW/Ton
emp apacty to EIR to EIR
149 81.3 50.2 153 0.97 0.97 0.85 0.2021 4.95 0.710
128 81.3 48.7 152 0.84 0.84 0.88 0.2067 4.84 0.727
108 81.3 47.1 151 0.71 0.71 0.90 0.2134 4,69 0.750
87 81.3 455 150 0.58 0.60 0.92 0.2237 4.47 0.787

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)

CAPFT

Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes

@
-0.00080125

to the ACM Manual -- Central Plant Cooling Equipment)

-0.29861976 0.02996076, 0.01736268{ -0.00032606]  0.00063139
BRFT T 051777196  -0.00400363|  0.00002028|  0.00698793]  0.00008290]  -0.00015467
EIRFPLR 0.17149273 0.58820208 0.23737257

This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR} + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature {CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAF/IES Standard 90.1-1989 User's Manual - November 1992,




Site 1909: Baseline Heat Exchanger

b

Centrifugal Chiller (Water-Sourcea d e

Capacity Correction (Tout, Tin) 0.029961 -0.000801 0.017363 -0.000326 0.000631

Part Load Efficiency (PLR) . G e e |

Temp Efficiency (Tout, Tin) 0.51777196 -0.00400363 0.00002028| 0.00698793]  0.00008290] -0.00015467

Nom. Eff 0.837

Nom. Tons 150

nom kw 126

Current Data Calculated Values Eificiency
Outdoor Part Load  Ambient
Tem[’))zraw Tons Output Co:ed:‘nser Supply temp Cu"ef“ Part Lpad Adjustment Adjustment EIR* corp kW/Ton
p Capacity Ratio
re to EIR to EIR

92 115 75 64 125 0.92 0.91 0.59 0.1401 7.14 0.493
87 115 75 63 129 0.89 0.88 0.61 0.1431 6.99 0.503
82 115 75 62 132 0.87 0.86 0.62 0.1461 6.84 0.514
77 115 75 61 136 0.85 0.84 0.63 0.1492 6.70 0.525
72 115 75 60 139 0.83 0.82 0.64 0.1523 6.57 0.536
67 115 75 59 141 0.81 0.81 0.66 0.1555 6.43 0.547
62 115 75 58 144 0.80 0.79 0.67 0.1586 6.30 0.558
57 115 75 57 146 0.79 0.78 0.68 0.1619 6.18 0.569
52 115 75 56 148 0.78 0.77 0.70 0.1651 6.06 0.580

EIR = EIRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hyd

eman October 2, 1997 Proposed

i KCT I A RS
?CAPFT .2986197 0.02996076 -0.00080125 0.01736268] -0.00032606, 0.00063139
gEIRFT 0.51777196 -0.00400363 0.00002028 0.00698793 0.00008290; -0.00015467
B e e L DO DR

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)

This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin} temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.

Changes to the ACM Manual -- Central Plant Cooling Equipment)



Site 1909: Pre-Retrofit Chiller #1

Outdoor
DB
Temperatu
re

102

Centrifugal Chiller (Water-Sourcea b d e
Capacity Correction (Tout, Tin) -o 298620 0.029961 -o oooam 0.01 7363 I .0.000326 0.000631
Part Load Efiiciency (PLR) R T e e s T T7] SR ORI, SEERAT SEMbhet
Temp Efficiency (Tout, Tin) 051777196 -0.00400363 0.00002028 0.00698793]  0.00008290] -0.00015467}
Nom., Eff 1.050
Nom. Tons 500
nom kw 525
Current Data Calculated Values Efficiency
Part Load  Ambient
t Part Load
Tons Output Co]rjdenser Supply temp CCur:z? a: ﬁc;a Adjustment Adjustment EIR* cop kW/Ton
emp apacity 2 to EIR to ER
400 81.3 48.0 507 0.790 0.784 0.885 0.2623 3.81 O.§22

EIR = EiRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coeffucnents -- Electric Water-Cooled Chillers (source Mark Hydeman October 2 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

-0.29861976

0.02996076

-0.00032606

~ 0. 000631394

EIRFT

0.51772196

-0.00400363

o.oooozozsl

0.00698793é 0.00008290

0. 000154571

EIRFPLR

0.17149273

0.58820208

0.237372571

7

By

i

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR =

A + (B x PLR) + (C x PLR x PLR)

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAF/IES Standard 90.1-1989 User's Manual -

November 1992.



Site 1909: Pre-Retrofit Chiller #2

Outdoor
DB
Temperatu
re
97
92
87
82
77

f

Centrifugal Chiller (Water-Sourcea b d e
Capacity Correction (Tout, Tin) | -0.298620 0.029961 -0.000801 0.017363 | -0.000326 | 0.000631 |
Part Load Efficiency (PLR) o a] AR P T T e O SRR
Temp Efficiency (Tout, Tin) 0.51777196 -0.00400363 0.00002028 0.00698793{  0.00008290 -0.00015467
Nom, Eff 1.050
Nom. Tons 500
nom kw 525.000
Current Data Calculated Values Efficiency.
Part Load  Ambient
P
Tons Output Co;:;nser Supply temp Ciur;f:?tl a;a:i(:)ad Adjustment Adjustment EIR* corp kW/Ton
P pactly to EIR to EIR
380 81.3 48.0 507 0.751 0.747 0.885 0.2629 3.80 0.924
361 81.3 47.0 504 0.71 0.71 0.90 0.2680 3.73 0.942
341 81.3 46.0 501 0.68 0.68 0.9 0.2735 3.66 0.962
3 81.3 45.0 497 0.65 0.65 0.93 0.2794 3.58 0.982
301 §1.3 44.0 492 0.61 0.62 0.94 0.2857 3.50 1.005
EIR = EIRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Electric Water-Coole

-1

d Chillers (

source

Mark Hydeman October 2, 1997 Propos

ed Changes to

] 4]

g Gunvell a- : My o .

CAPFT -0.29861976 0.02996076, -0.00080125 0.01736268{ -0.00032606| 0.00063139
EIRFT 0.51777196 -0.00400363 0.00002028 0.00698793 0.00008290; -0.00015467
EIRFPLR 0.17149273 0.58820208 0.23737257 .

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR =

A + (B x PLR) + (C x PLR x PLR)

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.

the ACM Manual -- Central Plant Cooling Equipment)




Site 1909:

Outdoor
DB
Temperatu
re
72
67
62
57

Pre-Retrofit Chiller #3

Centrifugal Chiller (Water-Sourcea

b c

d e
Capacity Correction {Tout, Tin) | -0.298620 0.029961 [ -0000801 |7 0017363 -0.000326 0.000631
Part Load Efficiency (PLR) R T M T B s MR
Temp Efficiency (Tout, Tin) 0.51777196) -0.00400363] 0.00002028 0.00698793;  0.00008290] -0.00015467
Nom. Eff 1.1
Nom. Tons 150
nom kw 165
Current Data Calculated Values Efficiency
Part Load Ambient
P
Tons Output Condenser Supply temp Curref\t an LF)ad Adjustment Adjustment| EIR* cor kW/Ton
Temp Capacity Ratio
to EIR to EIR

140 813 50.3 153 0.92 0. 0.85 0.2643 3.78 0.929

130 81.3 48.1 152 0.86 0.85 0.88 0.2741 3.65 0.964

120 813 45.9 150 0.80 0.80 0.92 0.2844 3.52 1.000

110 81.3 43.7 147 0.75 0.75 0.95 0.2953 3.39 1.038

EIR = EIRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coeffncnents -- Electnc Water Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)

CAPFT

0.01 736268

0.29861976 0.02996076 -0.00080125 -0.00032606|  0.00063139
371 R 051777196 -0.00400363 0.00002028 0.00698793| 0.00008290] ~ -0.00015467
EIRFPLR 0.17149273 0.58820208 0.23737257

This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR =

A + (B x PLR) + (C x PLR x PLR)

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EiR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual

- November 1992.




Site 1909: Pre-Retrofit Chiller £4

Outdoor
DB
Temperatu
re
72
67
62
57

Centrifugal Chiller (Water-Sourcea b d e
Capacity Correction (Tout, Tin) | -0.298620 0. 029—9'67' 20.000801 0.017363 I -0.000326 | 0.000631
part Load Efficiency (PLR) e e ,'
Temp Efficiency (Tout, Tin) 0.51777196) -0.00400363 0.00002028 0.00698793;  0.00008290 -0.00015467
Nom. Eff 1.1
Nom. Tons 150
nom kw 165
Current Data Calculated Values Efficiency
Part Load  Ambient
P
Tons Qutput Co1r_1denser Supply temp CCurrer\tt alr;talt.i(())ad Adjustment Adjustment EiR* cor kW/Ton
emp apactly to EIR to EIR
140 81.3 50.2 153 0.92 0.91 0.85 0.2648 3.78 0.931
130 81.3 48.7 152 0.85 0.85 0.88 0.2716 3.68 0.955
120 81.3 47.1 151 0.79 0.79 0.90 0.2789 3.59 0.981
110 81.3 45.5 150 0.74 0.73 0.92 0.2869 3.49 1.009

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coeffrcrents - Electnc Water-CooIed Chrllers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

[CAPFT

. -0.29861976

0.02996076 -0.000801 25' 0.0 736268 -0. 00032606 0.00063139j
FERFT T TTTT051777196]-0.00400363 o.oooozoza{ 0.00698793]  0.00008290] -0.00015467}
‘EIRFPLR 0.17149273 0.58820208 0.23737257 5

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR =

A + (B x PLR) + (C x PLR x PLR)

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (Cx CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.



Site 1909: Pre-Retrofit Heat Exchanger

Outdoor
DB
Temperatu
re
92
87
82
77
72
67
62
57
52

Centrifugal Chiller (Water-Sourcea b d e

Capacity Correction (Tout, Tin) [ 0.298620 0.029961 0.017363 -0.000326 |  0.000631

Part Load Efficiency (PLR) REATTIE saweai S AN DA

Temp Efficiency (Tout, Tin) 0.51777196]  -0.00400363 00698793  0.00008290; -0.00015467

Nom. Eff 1.10

Nom. Tons 150

nom kw 165

Current Data Calculated Values Efficiency
Part Load  Ambient
Tons Output Condenser Supply temp Curref\t Part Lpad Adjustment Adjustment EIR* cor kW/Ton
Temp Capacity Ratio
to EIR to EIR

115 75 64 125 0.92 0.91 0.59 0.1841 5.43 0.647
115 75 63 129 0.89 0.88 0.61 0.1880 5.32 0.661
115 75 62 132 0.87 0.86 0.62 0.1920 5.21 0.675
115 75 61 136 0.85 0.84 0.63 0.1960 5.10 0.689
115 75 60 139 0.83 0.82 0.64 0.2001 5.00 0.704
115 75 59 141 0.81 0.81 0.66 0.2043 4.90 0.718
115 75 58 144 0.80 0.79 0.67 0.2085 4.80 0.733
115 75 57 146 0.79 0.78 0.68 0.2127 4.70 0.748
115 75 56 148 0.78 0.77 0.70 0.2169 4.61 0.763

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant CoefflClents -- Electric Water-Cooled Chillers (source Mark Hydeman October 2,1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

CAPFT

-0.29861976

0.02996076

-0.00080! 25[

0.01736268

-0.00032606

0.00063139

EIRFT

0.51777196

-0.00400363

0.00002028

EIRFPLR

0.17149273

0.58820208]

0.23737257]

0.00698793

0.00008290;

-0.00015467

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)

This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR

=A + (B x PLR) + (C x PLR x PLR)

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)

This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual -

November 1992.



Site 1909: Weather Data for Chiller 22
TMY temperature data for climate zone 3

FTemp 0:00] 1:00{2:00] 3:00{ 4:00{5:00] 6:00] 7:00} 8:00] 9:00] 10:00{ 11:00] 12:00] 13:00] 14:00]15:00] 16:00] 17:00] 18:00] 19:00] 20:00] 21:00] 22:00 23:0(ﬁlan Hours
32 0 0 1 4 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
37 6 9] 131 13] 16| 15| 18 2 1 0 0 0 0 0 0 0 0 0 0 0 0 3 5 6|
42ft 28 31| 34] 46] 45 44| 38| 28] 12 5 1 0 0 1 1 1 1 2 5 6 7 16 21 26
47( 72 77] 79| B84] 7iy 66| 70} 65f 43| 31 12 8 6 3 2 2 2 6 21 32 44 43 48 54
52 120f 125]) 125] 116{ 127 t22] 104] 85| 79| 68 60 43 26 20 17 21 36 53 68 78 93| 107} 124 127
57]f 116f 105] 100 90| 95| 106] 112 120 104]| 89 83 79 68 70 80 79 95| 108 115[ 129] 129| 137} 127] 125
62 21 17] 121 11 9{ 11 19] 58] 98| 102 91 77 77 83 79 84 91 111] 109 99 83 55 35 25
67 2 0 1 1 1 i 3 5] 20} 56 74 77 72 78 84 78 83 60 38 19 9 4 5 2
72 0 1 0 0 0 0 0 2 7 9 32 51 64 61 58 57 37 19 9 2 0 0 0 0
77 0 0 0 0 0 0 0 0 1 5 10 21 31 30 28 28 15 6 [ 0 0 0 0 0 125
82 0 0 0 0 0 0 0 [} 0 0 2 8 13 11 11 9 4 0 0 0 0 0 0 0 41.42857
871 of o of of of o] of o o] o 0 1 8 7 5 6 1 0 0 0 0 0 0 0, 20
92 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0f 0.714286
97 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
On Hours 0 0 1 5 12 30 52 49 44 43 20 6 187.14
Note: Total *On Hours" vatue has been scaled by 5/7 to account for M-F operation only
Actual temperature by hour from 09/01/98 to 08/31/99
Temp 0:00]1:00 2:00] 3:00{ 4:00{5:00} 6:00] 7:00{ 8:00] 9:00] 10:00] t1:00] 12:00] t3:00] 14:00] 15:00] 16:00] 17:00] 1 8:00] 19:00] 20:00] 21:00] 22:00[ 23:00][On Hours
321 . . . . . . . . . . .
37 4 3 3 7 5 7 9 7 5 2. . . . . . . . . . . 2 2
42| 24f 23} 311 27| 34) 33| 34| 30] 15[ 19 19 8 4 3 2 3 3 5 8 13 12 15 20 19
47| 114 124] 122] 137] 135] 134] 123] 105] 97| 60 50 43 30 26 20 16 25 34 42 59 78 81 82| 102
521 221 228| 226] 229] 228] 214] 193] 162] 147 148] 119 114 97 92 81 91| 116] 152] 184] 1197 212| 223| 234| 233
57| 196 188]| 190] 189] 176} 189] 183| 194] 186] 163| 158] 145{ 149} 142} 156] t70] 189] 194] 220 224 207] 205 197] 194
62|| 56| 49| 45] 32| 4if 38| 70| 94] 122] 149{ 150 155] 151 163f 181} 173{ 157] 146] 117 90 80 78 72 63
67 6 6 4 6 2 6 8| 25] 43| 69 92 99] 115| 108 99 98 74 53 23 22 29 19 14 6
72|[. 1 4 6} 10 27 36 37 34 34 26 25 23 25 16 3|
77|l 1 6 17 23 29 28 28 25 1 2|. 168]
82||. 2 13 13 16 12 7 3] 66
a7 2 2 4 4 4f. 16|
92¢. 1. 1
97|. . . - . . - . . . . . 0.00]
On Hours 0 0 0 1 6 21 38 47 48 44 32 14 251.00
Actual temperature by hour from 07/15/97 to 06/24/99
Temp 0:00{ 1:00) 2:00§ 3:00} 4:00]5:00] 6:00| 7:00} 8:00| 9:00] 10:00| 11:00] 12:00] 13:00] 14:00] 15:00] 16:00] 17:00] 1 8:00} 19:00] 20:00] 21:00] 22:00 23:06F0n Hours
32f. . . . . . . . . . .
37| 4 3 3 7 5 7 9 7 5 2 . . . . . . . . . . . 2 2
42 24f 23| 31] 30| 39] 44} 41| 33} 15[ 19 19 8 4 3 2 3 3 5 8 13 12 15 20 19
47]1 160{ 182} 189 200| 203] 198] 184| 165 142| 86 63 54 36 28 24 18 27 42 53 77 99| 106| 116] 141
52f 352] 368| 355| 367] 374 365 330 283] 262] 256] 225{ 207] 167] 146] 130 141] 187] 231 290 309| 329| 348 364| 364
571 435]| 400| 407} 399] 389] 394 399{ 391] 340] 328] 294| 272] 289 283] 293] 318| 345] 379] 405 422] 428] 431| 431] 446
62] 166[ 171] 165] 150] 145] 147} 156f 188] 247 277[ 286] 282| 264 281] 303] 308 297] 267] 251 220{ 194] 201 185] 159
67 26 22] 21f 18] 1e6] 16| 49| 95} 128f 142] 159 188] 194] 192] 193] 177| 163] 159 107] 102] 101 65 48 37
72 2 2} 3 9 30} se6[ 110] 102 13| 133 2] 17 81 51 44 23 6 2 2 3
77 2]. 2 5 1 41 55 66 53 49 40 26 12 5 2 3 31 348
82. 4 15 26 25 37 27 23 9 1. 166
87| 2 5 9 10 10 3 2]. 41
92]|. 5 5 3 2{. 15
97]|. . . . . . - . . . 0.00]
On Hours 0 0 2 5 15 58 86| 105} 105 89 68 37 570.00




Site 1909: Weather Data for Chillers #3&4
TMY temperature data for climate zone 3

Temp 0:00{1:00{ 2:00] 3:00] 4:00§ 5:00] 6:00{ 7:00{ 8:00( 9:00] 10:00{ 11:00] 1 2:00] 13:00] 14:00] 15:00] 16:00] 17:00] 18:00] 19:00[ 20:00[ 21:00] 22:00 23:09]10n Hours
32 o of 1 4 ] of 1] of of of of o o o o] 0 o o of o o o o 0
37 6 9f 13§ 13] 16| 15| 18 2 1 0 0 ] 0 0 0 0 0 0 0 0 0 3 5 6
42| 28] 31| 34] 46] 45| 44| 38| 28] 12 5 1 0 [Y 1 1 1 1 2 5 6 7 16 21 26|
47) 721 77| 79| 84| 71] 66| 70} 65| 43| 3 12 8 6 3 2 2 2 6 21 32 44 43 48 54
5201 120] 125( 125[ t16] 1271 122] 104} 85| 79| 68 60 43 26 20 17 21 36 53 68 78 93| 107| 124 127
S7|[ 116] 105{ 100] 90 95[ 106] 112] 120] 104] 89| 83[ 79| e8] 7o] 80[ 79[ 95] o8] 115[ 129] 129] 137] 127] 125 776.4286)
62 21} 174 12] N 9| 11§ 191 58] 98| 102 91 77 77 83 79 B4 9t] 11t] 109 99 83 55 35 25) 692.8571
67 2 0 1 1 1 1 3 5] 20 56 74 77 72 78 84 78 83 60 38 19 9 4 5 2|| 492.8571
72 0 1 0 0 0 0 0 2 7 9 32 51 64 61 58 57 37 19 9 2 Q [ 0 0jf 283.5714
77 0 0 0 0 0 0 0 0 1 5 10 21 31 30 28 28 15 6 0 0 0 0 [ 0)
82 0 0 0 0 0 0 0 0 0 0 2 8 13 11 11 9 4 0 0 0 0 0 0 0
87 0 0 0 0 0 0 0 0 0 0 0 1 8 7 5 6 1 0 0 0 Q 0 ] 0
92 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
97 0 0 0 0 Q 0 0 0 0 4 0 0 0 0 ] 0 0 0 0 [ 0 0 Y 0
On Hours 134] 185] 229| 256 280] 284| 281] 292] 301] 298] 306] 298 2245.71
Note: Total *On Hours" value has been scaled by 5/7 to account for M-F operation only
Actual temperature by hour from 09/01/98 1o 08/31/99
r_Ternp 0:00{1:00{ 2:00] 3:00{4:005:00] 6:00{7:00{ 8:00] 9:00] 10:00] 11:00] 12:00] 13:00{ 14:00] 15:00] 16:00] 17:00] 18:00] 19:00] 20:00] 21:00] 22:00] 23:00][On Hours
324, . . . . . . . . . . .
37 4 3 3 7 5 7 9 7 5 2. . . . . . . . . . . . 2 2
42) 24 23| 31} 27| 34| 33| 34{ 30| 15] 19 19 8 4 3 2 3 3 5 8 13 12 15 20 19,
4711 V14f 124] 122) 131 135] 134] 123] 105} 97| 60 50 43 30 26 20 16 25 34 42 59 78 81 82] 102
52| 221 228| 226] 229] 228] 214[ 193] 162] 147] 148] 119] 14 97 92 81 91 116l 152| 184| 197 22| 223] 234 233
57[| 196] 188} 190[ 189] 176[ 189] 183] 194] t86] 163| 158] 145] 149} 142| 156} 170] 189 194] 220] 224| 207] 205] 197 196 2029
62l 56] 49} 45| 32| 41] 38] 7o| 94] 122] 149] 150} 1550 151] 169 181] 173] 157] 48] 117 30 B0 78 72 63 1717
67 6 ] 4 & 2 6 8] 25| 43 &9 92 99f 15| 108 99 98 74 53 23 22 29 19 14 6 883
72§ 1 4 6] 10 27 36 37 34 34 26 25 23 25 16 3. 263
77|l 1 6 17 23 29 28 28 25 11 2].
82| 2 13 13 16 12 7 3.
87|l 2 2 4 4 4],
92]. 11.
On Hours 262] 317] 357| 391 427| 435| 452| 453] 470| 467]| 445{ 416 4892.00
Actual temperature by hour from 07/15/97 to 06/24/99 .
Temp 0:00) 1:00{2:00} 3:00] 4:00] 5:00{ 6:00[7:00| 8:00 9:00] 10:00{ 11:00] 12:00] 13:00] 14:00] 15:00] 16:00] 17:00] 18:00] 19:00] 20:00] 21:00] 22:00] 23:00On Hours
37 4 3 3 7 5 7 9 7 5 2. . . . . . . . . . . . 2 2
42| 24} 23| 311 30] 39| 44] 41| 33 15] 19 19 8 4 3 2 3 3 5 8 13 12 15 20 19
47| 160] 182 189{ 200]| 203] 198] 184| 165 142] 86 63 54 36 28 24 18 27 42 53 77 99{ 106] 116| 141
52 352] 368| 355{ 367] 374| 365] 330] 283] 262§ 256] 225] 207] 167| 146) 130| 141] 187] 23] 290{ 309{ 329] 348] 364| 364
57)) 435] 400| 407| 399] 389] 394] 399] 391| 340 328] 294] 272] 289] 283] 293| 318] 345] 379] 4o05| 422] 428] 431] 431] 44 3931
62] 166] 171 165] 150] 145{ 147] 156[ 188] 247] 277] 286] 282] 264| 281] 303] 308 297[ 267] 251] 220] 194] 201] 185] 159 3156
67l 26) 22\ 21} 18] 16| 16} 49] 95{ 128] 142f 159] 188] 194 192 193] 177] 163] 159] 107] 02 100 65 48 37 1839
72 2 2 3 9] 30| 56] 110{ 102 131] 133 121} 117 81 51 44 23 6 2 2 3 944
77 2. 2 5 11 41 55 66 53 49 40 26 12 5 2 3 3]
82]. 4 15 26 25 37 27 23 9 11].
87|l 2 5 9 10 10 3 2.
92]. 5 5 3 2|.
On Hours 607| 683( 745| 803| 849 B844] §78| 889| 910| 920| 886| 856 9870.00




Site 1909: Weather Data for Heat Exchanger
TMY temperature data for climate zone 3

Temp 0:00{1:00}2:00] 3:00] 4:00] 5:00] 6:00{7:00] 8:00] 9:00] 10:00 11:00] 12:00] 13:00] 14:00] 15:00f 16:00] 1 7:00] 18:00] 19:00{ 20:00| 21:00( 22:00} 23:00[lOn Hours
32 0 0 1 4 1 0 } 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
37| 6 9| 13} 13} 16} 15| 18 2 1 0 0 0 0 0 0 0 0 0 0 0 0 3 5 6
42| 28] 31| 34| 46| 45| 44 38| 28| 12 5 1 0 0 1 1 1 1 2 5 6 7 16 21 26
47\ 72| 77| 79} 84| 71} 66| 70{ 65| 43| N 12 8 6 3 2 2 2 6 21 32 44 43 48 54
52|l 120] 125] 125] 116 127 122f 104 85| 79| 68 60 43 26 20 17 21 36 53 68 78 93{ 107] 124 127‘1{ 1507
57{| 116] 105]| 100| 90| 95| 106] 112|120 104| 89 83 79 68 70 80 79 95| 108f 115} 129] 129{ 137] 127 125" 1685
62)) 21| 17| 12| 1 9] 1] 19] 58] 98| 102 91 77 77 83 79 84 91| 111f 109 99 83 55 35 25| 764
670 2 of 1 1 11 3] 5] 20] 56] 74 771 72§ 78} 84| 78| 83| 60 38 19 9 4 5 2 280
72 0 1 0 [] 0 0 0 2 7 9 32 51 64 6/ 58 57 37 19 9 2 0 0 0 0 125
77 0 0 0 0 0 0 0 0 ] 5 10 21 31 30 28 28 15 6 0 0 0 0 0 0 50
82 0 0 0 0 0 0 0 0 0 0 2 8 13 11 11 9 4 0 0 0 0 0 [ op 17
87 0 0 0 0 '] 0 0 0 0 0 [ 1 8 7 5 6 1 0 0 0 0 0 0 ﬂﬂ 8
92 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0]
97 0 0 [ 0 0 0 [ [ 0 0 0 0 0 0 0 0 0 0 [} 0 0 0 0 0 0
On Hours || 259] 248] 238] 218 232§ 240] 238] 270] 309 329] 352 357 359] 361] 362| 362| 362] 357 339] 327| 314] 303} 291] 279 4436
Actual temperature by hour from 09/01/98 to 08/31/99
r-r'zl:e;p 0:0041:00] 2:00} 3:00| 4:00{ 5:00{ 6:00] 7:00{ 8:00] 9:00{ 10:00| 11:00] 12:00{ 13:00] 14:00{ 15:00] 16:00] 17:00{ 18:00] 19:00{ 20:00] 21:00] 22:00] 23:00On Hours
32)). . . . . . . . . .
37 2 1 1 3 2 3 4 3 2 1. . . . . . . . . . . 1 1
421t 13] 13] 174 151 19] 19] 20| 118 9| 11 i0 4 2 2 1 2 2 3 5 7 7 9 1 1
470t 67| 73] 73] 78] ao| 79| 72| e62f 54| 33 29 24 16 14 11 9 15 21 25 35 46 a7 49 59
52| 129] 132] 130] 133]| 133 124} 113| 93| 88| 88 69 68 59 55 48 54 67 871 105 112] 121 129] 133] 134 1769
571 112{ 108] 110{ 107] 100{ 109] 105| 113| 107| 93 92 85 85 81 91 97V 107) ririf 127) 132 123] 120f 117{ 115 1713
62| 34) 30| 27| 21] 25| 23| 41| 54| 72| 88 88 87 86 98| 104 99 92 85 69 52 45 44 41 36 731
67 3 3 2 3 1 3 51 151 25| 39 53 59 68 62 57 58 44 31 13 13 16 )ALl 8 4 227
72||. 2 3 7 16 21 21 20 20 16 14 13 15 9 2. 7!
77| 3 10 14 17 17 15 14 7 1]. 29
82. 1 8 7 8 7 5 2]. 11
87| 1 i 3 3 3] 3
92|l 1]. 0
On Hours || 278] 273] 269] 264] 259] 259] 264 277| 295] 315] 321 332 342] 344| 348] 349] 343| 336] 330] 318] 307] 304] 299] 289 4554
Actual temperature by hour from 07/15/97 to 06/24/99
rEfemp 0:00{ 1:00] 2:00] 3:00] 4:00{ 5:00} 6:00{ 7:00] 8:00] 9:00) 10:00| 11:00{ t2:00] 13:00] 14:00§ 15:00| v6:00| 17:00] 18:00( 19:00] 20:00{ 21:00] 22:00] 23:00fOn Hours
32)1. . . . . . . . . . .
37 2 1 1 3 2 3 4 3 2 1} . . . . . . . . . . 1 1
4201 13| 33) 17} 17)] 22| 25{ 24} 20 9] 1 10 4 2 2 1 2 2 3 E 7 7 9 11 1
47| 93] 104 111| 117] 119] 17| 107[ 95| 80| 48 36 30 19 15 13 10 16 26 31 45 58 61 69 80
521 203( 212} 203| 210] 214 207] 190( 161 | 153 148] 127]| 119 99 85 75 83| 106 131] 167| 178| 189| 202| 207] 210 2824
571l 252 234| 237| 230} 225| 230| 231|228 194|188 171] 159] 163} 160] 169} 179] 197] 215] 231 242| 245| 248| 251 260f 3529
621 97{ 100] 96| 90| 86| 86] 971{110]146]|163] 169| 160| 151 163| 17¢4| 178] 173] 158] 149] 13 116 116] 106 91“ 1789
67[f 15| 12} 12| 10 9 9] 29| 551 75| 84 90| 11! 117 112| 14| 106 98 94 62 58 57 38 29 22 643
72 1 1]. ! 51 17| 32 66 62 76 80 72 69 46 28 25 13 4 1 1 2 206
77 1}. 1 2 6 23 32 37 30 27 23 16 [] 3 1 2 2. 71
82|. 2 8 15 14 20 16 13 5 1]. 28
87||. 1 3 6 6 5 2 I1]. 7
92|. 3 3 2 1]. 3
On Hours | 569{ 559 548] 540] 534 532] 542| 559] 586] 617] 631} 643] 656 660|] 663] 665] 659 648 641 625 612] 607| 596] 585 9099




Chiller Replacement (Site 1910)

Program

Advanced Performance Options Program

Measure

High Efficiency Water-Cooled Chiller

Site Description

Office

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Replace two of three existing chillers with two high-efficiency water-
cooled chillers, one with a VSD.

Impacts were developed using DOE2.1E simulation program based on
climate zone, building type, and chiller characteristics.

The correct climate zone, chiller size category and building
characteristics were used in the application calculations. However, the
calibration to customer billing records appears to have over-estimated
the chiller contribution to those bills, resulting in an over-estimation of
energy impact.

The evaluation process consists of a review of the application form and
supporting documentation, conducting an on-site survey and then
computing impacts using the on-site data.

The on-site survey was conducted on July 1, 1999 in Oakland (Climate
Zone 3). Information on the retrofit equipment and operating conditions
were collected through an inspection of the chiller and through an
interview with the Chief Engineer. ‘

Discussions provided data for development of a relationship between
chiller loading and outdoor dry bulb. The chiller is available from 6:00
am to 7:00 pm on weekdays only. During the Summer, the 650-ton
chiller is brought on line at approximately 50 degrees outside air
temperature. The Chief Engineer estimated that the 650-ton chiller
reaches 100% loading at approximately 85 degrees outside air
temperature. The 450-ton chiller is started when the 650-ton chiller is
fully loaded. The 450-ton chiller becomes fully loaded at approximately
100 degrees F. There is also a 200-ton chiller that is used for weekend
operation and only on extremely hot days during the week.

Models are calibrated with actual weather, the chiller lock-out
temperature, chiller loading under extreme outdoor temperature
conditions, chilled water temperature, and condenser water temperature.
Energy impacts are based on typical weather data. A Title 24 baseline,
nominal efficiency, and typical year bin weather data for the applicable
climate zone are used in the bin analysis. To compute the impacts, the
following assumptions were used:

e A linear loading strategy was used for the analysis of both the
baseline and rebated chillers, which assumed initial loading for the
650-ton chiller at 50 degrees F and 100% loading at 85 Degrees F.
From 85 to 100 degrees F, the 650-ton chiller is assumed to be fully
loaded. The 450-ton chiller was assumed to have a linear loading




Additional Notes

Impact Results

strategy with initial loading at 85 degrees F and 100% loading at 100

degrees F.

e Based on a water-cooled chiller greater than 300 tons, a baseline Title

24 efficiency of 0.748 KW /ton was used.

Chiller efficiencies at various temperatures were calculated from
updated default performance coefficients provided in a memo to the
California Energy Commission titled “1995 Proposed Changes to the
ACM Manual Central Plant Cooling Equipment” by Mark Hydeman.
These coefficients were used to develop a chiller efficiency curve for the
Rebate case and a Title 24 base case. Evaluation-based energy impacts
were lower than ex ante estimates, and demand impacts were negligibly
lower than ex ante estimates. Results from these calculations are
summarized below and documented in the attached workbook.

KW KWh Therm
MDSS 171.00 412,260.53 0
Adjusted 169.16 255,355.53 0
Engineering
Engineering 0.99 0.62 N/A
Realization Rate




Site 1910: Results Summary

Overall Energy Demand
MDSS 412,261 171
QC 255,356 169
Chiller #1 617 46
Chiller #2 254,738 123
Realization Rate 0.62 0.99




Site 1910: Results for Chiller 31

Post-Retrofit Chiller #1

Impacts
Energy Demand
MDSS 412,261 7
QC 617 46
Realization Rate 0.00 0.27
Title 24 Baseline Chiller #1
Nom. Eff 0.748
Nom. Tons 450
nom kw 336.638
Operating -
Outdoor D8 Hours per year| Tons Output tfficiency | Annual Energy | Peak Demand
Temperature (F) MY (kwW/Ton) | Use (kWh/year} (kw)
102 0.00 450 0.649 0.00 0.00
97 0.00 338 0.650 0.00 0.00
92 0.71 225 0.688 110.65 154.91
87 20.00 113 0.878 1,974.9% 98.75
Totals 20.71 2,085.56 154 91

Nom. Eff 0.526666667
Nom. Tons 450
nom kw 237
. Annual Energy . Annual Energy
Qutdoor DB 825::(;% Tons Output Efficiency Use Peak Demand Hoouf:;)ae(r";'gear Use
Temperature (F) (kw/Ton) (kWh/year), (kW) (kWhiyear),
year (TMY) (T™MY) (Actual) (Actual)
102 0.00 450 0.457 0.00 0.00 0 0.00
97 0.00 338 0.458 0.00 0.00 0 0.00
92 071 225 0.485 77.90 109.06 9 981.51
87 20.00 113 0.618 1,390.38 69.52 31 2,155.09
Totals 201 1,468.28 109.06 40.00 3,136.60




Site 1910: Results for Chiller 22

Impacts
Energy Demand
MDSS 412,261 171
QC 254,738 123
Realization Rate 0.62 0.72

Title 24 Baseline Chiller 42

Post-Retrofit Chiller #2

Nom. Eff 0.748
Nom. Tons 650
nom kw 486
: Annual Energy
Outdoor DB Htgfse;?:r;gear Tons Output Efficiency Use Peak Demand
Temperature (F) TMY) (kW/Ton) (kwhvyear), (kW)
(TMY)

102 0.00 650 0.649 0.00 421.76

97 0.00 650 0.650 0.00 422.45

92 0.7 650 0.651 302.22 423.11

87 20.00 650 0.652 8,474.99 423.75

82 41.43 569 0.619 14,591.16 352.20

77 125.00 488 0.609 37,121.98 296.98

72 290.00 406 0.607 71,549.45 246.72

67 520.00 325 0.619 104,583.07 201.12

62 770.71 244 0.656 123,234.37 159.90

57 858.57 163 0.756 105,439.92 122.81

52 485.71 81 1.103 43,546.33 89.65

Totals 311214 508,843.49 423.75

Nom. Eff 0.52
Nom. Tons 650
nom kw 338
. Annual Energy . Annual Energy
Outdoor DB Szﬁ::megr Tons Output Efficiency Use Peak Demand Ho?fse"::lr";gear Use
Temperature (F) e P (kw/Ton) {kwhiyear), (kW) A P | (kWhtyear),
year (TMY) {TMY) tActual (Actual)
102 0.00 650 0.460 0.00 299.03 0 0.00
97 0.00 650 0.461 0.00 299.52 0 0.00
92 071 650 0.462 214.28 299.99 9 2,699.90
87 20.00 650 0.462 6.008.86 300.44 31 9,313.73
82 41.43 569 0.387 9,128.19 220.34 62 13,660.81
77 125.00 488 0.318 19,352.84 154.82 a8 15,172.63
72 290.00 406 0.306 36,057.59 12434 206 25,613.32
67 520.00 325 0.301 50,887.58 97 .86 441 43,156.58
62 770.71 244 0.319 59,962.84 77.80 744 57,884.43
57 858.57 163 0.368 51,304.50 59.76 835 49,695.97
52 485.71 81 0.537 21,188.58 43.62 555 24,211.07
Totals 3,112.14 254,105.25 300.44 2,981.00 241,608.43




Site 1910: Inputs to Madel

Parameter Value Reported Units of Parameter Notes
City Qakland
Climate Zone 3
Chiller 21 Pre-Retrofit Nominal Capacity 650 Tons Application
Chiller 21 Post-Retrofit Nominal Capacity 450 Tons Application
Chiller #1 Post-Retrofit Nominal Efficiency 0.527 kW/ton Application
Chiller #1 Baseline Efficiency 0.748 kW/ton Title 24 Nominal Efficiency for Chiller > 300 Tons
Chiller 42 Pre-Retrofit Nominal Capacity 650 Tons Application
Chiller #2 Post-Retrofit Nominal Capacity 650 Tons Application
Chiller #2 Post-Retrofit Nominal Efficiency 0.520 kW/ton Application
Chiller #2 Baseline Efficiency 0.748 kWi/ton Title 24 Nominal Efficiency for Chiller > 300 Tons
Chiller AM Lockout 6:00 AM Contact provided schedule; M-F
Chiller PM Lockout 19:00 PM Contact provided schedule; M-F
Chiller Startup OSA Temperature 50 F Contact provided estimate
Chiller #1 Max Load OSA Temperature 100 F
Chiller #2 Max Load OSA Temperature 85 F
Date of Chiller Installation 5/1/98 Contact provided estimate




Site 1910: Post-Retrofit Chiller #1

Centrifugal Chiller (Water-Source) a b c d e f
Capacity Correction (Tout, Tin) -0.298620 0.029961 -0.000801 0.017363 -0.000326 0.000631
Part Load Efficiency (PLR) 01714927 0.5882021 0.2373726 - - -
Temp Efficiency (Tout, Tin) 0.51777196 -0.00400363 0.00002028 0.00698793 0.00008290 | -0.00015467
Nom. Eff 0.527
Nom. Tons 450
nom kw 237
Current Data -Calculated Values Efficiency
Part Load  Ambient
Outdoor DB Tons Output Condenser Supply temp Curreo( Par Load Adjustment  Adjustment EIR* coe kW/Ton
Temperature Temp Capacity Ratio to EIR to EIR
102 450 78 46.0 459 0.980 0.976 0.871 0.1299 7.70 0.457
97 338 77 45.0 458 0.736 0.733 0.872 0.1301 7.68 0.458
92 225 76 440 457 0.492 0518 0.874 0.1379 7.25 0.485
87 113 75 43.0 456 0.247 0331 0.875 0.1758 5.69 0.618

EIR = EIRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to (he ACM Manual -- Central Plant Cooling Equipment)

CAPFT : -0.29861976 . -0. 000501 25 0 01 736268' 0 00032606 0.000631 39
EIRFT 0.51777196 -0.00400363, 0.0000202 8] 0.00698793;  0.00008290] -0.00015467
EIRFPLR H 0.17149273 0.58820208 0.23737257[

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR} + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.




Site 1910: Post-Retrofit Chiller #2

Centrifugal Chiller (Water-Source) a b c d e f

Capacity Correction (Tout, Tin} -0.298620 0.029961 -0.000801 0.017363 -0.000326 [ 0.000631

Part Load Efficiency (PLR) 0.1714927] 0.5882021 0.2373726) p ] ]

Temp Efficiency (Tout, Tin) 0.5177719¢]  -0.00400363, 0.00002028 0.00698793| 0.00008290] -0.00015467|

Nom. Eff 0.52

Nom. Tons 650

nom kw 338

Current Data Calculated Values Efficiency
PartLoad  Ambient
Outdoor DB Tons Output Condenser Supply temp Curref\t Part LF)ad Adjustment Adjustment EIR* corp kW/Ton kw/Ton
Temperature Temp Capacity Ratio to EIR to EIR w/VFD

102 650 78 46.0 663 0.980 0976 0.871 0.1283 7.80 0.451 0.460047
97 650 77 45.0 662 0.982 0.978 0.872 0.1285 7.78 0.452  0.460798
92 650 76 44.0 660 0.984 0.980 0.874 0.1287 7.77 0.452 0.461521
87 650 75 43.0 658 0.988 0.984 0.875 0.1289 7.76 0.453 0.46222
82 569 74 45.0 669 0.85 0.84 0.83 0.1224 8.17 0.430 0.387403
77 488 72 44.5 670 0.73 0.73 0.82 0.1204 8.30 0.423 0.317585
72 406 70 44.0 670 0.61 0.62 0.80 0.1201 8.33 0.422 0.306059
67 325 68 435 669 0.49 0.51 0.78 0.1223 8.17 0.430 0.30111
62 244 66 43.0 667 0.37 0.42 0.77 0.1297 7.71 0.456 0.319186
57 163 64 42.5 663 0.24 0.33 0.75 0.1494 6.69 0.525 0.367727
52 81 62 42.0 659 0.12 0.25 0.73 0.2181 4.58 0.767 0.536905

EIR = EIRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

e L R o d il 6
0.29861976] 0.02996076 -0.00080125 0.01736268] -0.00032606 0.00063139
EIRFT 0.51777196] -0.00400363 0.00002028[ 0.00698793 0.00008290| -0.00015467
EIRFPLR 0.171 49273[ 0.58820208 0.23737257] - B B

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS5) + (F; x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992,

O



Site 1910: Baseline Chiller #1

Centrifugal Chiller (Water-Source) a b c d e f
Capacity Correction (Tout, Tin) -0.298620 0.029961 -0.000801 0017363 | 0000631
Part Load Efficiency (PLR) 01714927 0.5882021 0.2373726 - - .
Temp Efficiency (Tout, Tin) 0.51777196 -0.00400363 0.00002028 0.00698793 | 0.00008290 | -0.00015467
Nom. Eff 0.748
Nom. Tons 450
nom kw 336.638
Current Data Calculated Values Efficiency
PartLoad  Ambient
S;;?::;Ei Tons Output Co:::]r:er Supply temp Ccal;)r::‘t;/ Pa;lalt.ic:)ad Adjustment  Adjustment EIR* coe kW/Ton
to EIR to EIR
102 450 78 46.0 459 0.980 0.976 0.871 0.1845 5.42 0.649
97 338 77 45.0 458 0.736 0.733 0.872 0.1848 5.4 0.650
92 225 76 44.0 457 0.492 0.518 0874 0.1958 5.11 0.688
87 113 75 43.0 456 0.247 0.331 0.875 0.2496 4.01 0.878

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

ater-Cooled Ch

illers (source Mark Hydeman

October 2, 1997 Propo

R 00 N | e & oo e ]
-0.29861976 0.02996076 -0.00080125 0.01736268| -0.00032606 0.00063139]
j
0.51777196| -0.00400363 0.00002028] 0.00698793 0.00008290] -0.0001 5467?
CREIVTFEE T 0-237372571 R ‘I

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)

This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR}

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)

This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.

sed Changes to the ACM Manual -- Central Plant Cooling Equipment)



Site 1910: Baseline Chiller #2

Centrifugal Chiller (Water-Source) a b C d e f

Capacity Correction (Tout, Tin) 0.298620 0.029961 -0.000801 | 0.017363 -0.000326 0.000631 !

Part Load Efficiency (PLR) 0.1714927 0.5882021 0.2373726} - - -

Temp Efficiency (Tout, Tin) 0.51777196]  -0.00400363 0.00002028] 0.00698793]  0.00008290] -0.00015467

Nom. Eff 0.748

Nom. Tons 650

nom kw 486.255

Current Data Calculated Values Efficiency
Part Load  Ambient
1(-Jutdoor DB Tons Output Condenser Supply temp Currer.\l Part Lload Adjustment Adjustment EIR* cor kw/Ton
emperature Temp Capacity Ratio
to EIR to EIR

102 650 78 46.0 663 0.980 0.976 0.871 0.1845 5.42 0.649
97 650 77 45.0 662 0.982 0.978 0.872 0.1848 5.41 0.650
92 650 76 44.0 660 0.984 0.980 0.874 0.1851  5.40 0.651
87 650 75 43.0 658 0.988 0.984 0.875 0.1854 5.39 0.652
82 569 74 45.0 669 0.85 0.84 0.83 0.1761 5.68 0.619
77 488 72 445 670 0.73 0.73 0.82 0.1733 5.77 0.609
72 406 70 44.0 670 0.61 0.62 0.80 0.1727 5.79 0.607
67 325 68 43.5 669 0.49 0.51 0.78 0.1760 5.68 0.619
62 244 66 43.0 667 0.37 0.42 0.77 0.1866 5.36 0.656
57 163 64 425 663 0.24 0.33 0.75 0.2149 4.65 0.756
52 81 62 42.0 659 0.12 0.25 0.73 0.3138 3.19 1.103

EIR = EIRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Electric Waler-CooIed Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

CAPFT v ‘ -0.29861976) 0. 02996076 -0. 000801 25' 0.01736268) -0.00032606; 0. 00063139

EIRFT 0.5177719§) -0.00400363 0. 00002028! 0.00638793)  0.00008290] -0.00015467
EIRFPLR 0.17149273 0.58820208; 0.23737257)

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.




Site 1910: Weather Data
TMY temperature data for climate zone 3

Temp 0:00] 1:00§2:00] 3:00]4:00] 5:00] 6:00] 7:00] 8:00] 9:06] 70:00]11:00] 12:00] v3:00] 1 4:00] 15:00] 1 6:00] 17:00] 18:00] 19:00] 20:00] 21:00] 22:00] 23:00][Cn Rours
32 0 0 1 4 1 [4] 1 0 0 0 0 [ 0 [+] 0 0 o 4] o 0 0 [ 0 0.
37 6 9t 13) 13| 16| 15| 18 2 1 0 0 0 0 0 0 0 0 0 0 0 0 3 5 6,
42| 28] 31{ 34{ 46f 45| 44| 38| 28] 12 5 1 0 0 1 1 1 1 2 5 6 7 16 21 26,
a7l 72| 77| 79| 84} 7% 66| 70| 651 43| 3 12 8 6 3 2 2 2 6 21 32 44 43 48 54
5241120} 125] 125{ 116] 127] 122] 104 E‘ 79] 68 60 43 26 20 17 21 36 53 68, 78 93| 107{ 124] 127 485.71
57|| 116] 105] 100] 90| 95| 106] 112] 120[ 104y 89| 83 79[ 68 70| 80/ 79| 95| 108] 115] 129 129] 137 127] 125 858.57
e2f) 21{ 17| 12| 11 9] 11| 19| 58] 98] 102 91 77 7? 83 79 84 91| 11| 109 99 a3 55 35 25 770.71
67 2 0 1 1 1 1 3 5] 20} 56 74 77 72 78 84 78 83 60 38 19 9 4 5 2 520.00
72 0 1 0 0 0 0 0 2 7 9 32 51 64 61 58 57 37 19 9 2 0 0 4 0 290.00
77| [+ 0 0 0 [ Q [ 0 1 5 10 21 31 30 28 28 15 6 0 0 0 0 0 Q 125.00
82 0 0 0 0 0 0 0 0 0 0 2 8 13 n 11 9 4 1] 0 0 0 0 c 0| 41.43
87 0 0 0 0 0 0 0 0 [] 0 0 1 8 7 5 6 1 0 0 0 0 0 0 0| 20.00
92 0 0 0 0 0 0 0 0 [ 0 [ 0 0 1 0 [ 0 0 0 0 0 0 0 [+ 0.71
97 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [ 0 0 0 0 0 0 [ 0.00]
102 0f ¢ o of o] of of of o o 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0.00
On Hours 238| 270) 309 329] 352| 357| 359] 361[ 362| 362 362| 357 339 3112.14
Note: Total *On Hours" value has been scaled by 5/7 to account for M-F operation only
Actua! temperature by hour from 11/01/98 to 10/31/99
Temp 0:00{1:00} 2:00{ 3:00] 4:00] 5:00(6:00] 7:00| 8:00] 9:00{ 10:00{11:00]12:00} 13:00| 14:00] 15:00( 1 6:00] 17:00] 18:00] 19:00] 20:00} 21:00] 22:00 23:00}{On Hours
32|} . 1 1 2 2 2 2]. . . . 1 3
37 6 B 7 8 10 9 13; 10 3. . . . 1 2 3 3 2 1
42)l 23y 24f 29| 32 33| 33 28] 17 8 8 4 1 14, . . 1 3 3 4 6 10 16 19|
470 45p 44y 44| 43| 44) 43| 39| 42| 38] 24 16 12 9 10 7 6 8 13 18] 28| 377 37| 39| 44
S2){ 74| 73] 70| 70| 71| e8] 57 55| 54| 50| 43| 37] 25 23| 24| 30| 39] 52| 66| 70| 73] 79] 78] 75 555
57)| 79| 81| 84| 80 77 79] 83| 73| 63| 58 57 54 55 57 62 61 65 72 75 84 78 79 82 76 835
62}l 26| 22| 18] 19| 16/ 20| 28] 39| 59| 63 64 61 63 54 57 62 62 67 65 44 42 37 33 34 744
67, 5 4 3 3 3 2 4| 11| 16| 30 41 45 50 55 53 53 48 23 12 16 12 9 6 3 441
72{. 2 6 9] 14 17 27 27 27 24 19 10 13 1" 7 5 2 1 1 206
77| 1 6 6 7 9 13 12 10 9 13 8 4 1]. 98
82y|. 3 5 6 6 9 11 10 6 5 1}. 62
871 2 4 5 & 6 5 3]. 31
921|. 2 3 2 1 1]. 9
971]. 0|
102i]. . . . . . . . . . . 0]
On Hours 174| 185] 207] 224] 236| 243| 246| 246] 249] 250] 247| 240; 234 2981.00
Actual temperature by hour from 05/01/98 to 10/31/99
Temp 0:00{ 1:00[2:00] 3:00{4:00( 5:00| 6:00| 7:00| B:00] 9:00] 10:00{ 11:00] 12:00] 13:00] 14:00]15:00§16:00| 17:00} 18:00] 19:00| 20:00} 21:00] 22:00] 23:00||On Hours
32| . 1 1 2 2 F3 2]. . . . . 1 3
37 6 8 7 8 10 9| 13| 10 31. . . . . 1 2 3 3 2 1
42)| 21] 24| 29} 32) 33| 33| 28| 17 8 8 4 1 1]. . . 1 3 3 4 6 10 16 19|
47|l 45] 45] 45 44| 45| 44| 40} 42| 38| 24 16 12 9 10 7 6 8 13 18] 28 37 37] 39 44
52)| 83] 93 90{ 93{ 94| 9| 70] 59| 57{ 51 45 39 27 75 25 32 41 53 68 73 77 85 86 88 592
57| 151] 155] 1631 1587 155] 157] 162| 135] 96] 80 72 62 62 o4 66 63 71 91| 110] 130 140] 149] 153 147 1134
62)) €3] 53| 44| 43] 41 44] 55| 83] 119] 112 103] 98] 92 77 86[ 101] 106 118 124] 104 93 79] 72f N 1274
67 8 6 5 5 4 4] 10| 24| 35] 64 81 86 89 95 95 94 85 52 32 27 19 17 12 9 842
72 1/. 4| 10} 18y 27 30 44 49 53 43 35 30 n 17 13 7 3 3 2 391
774 2 9] 13 19 23 25 22 24 21 22 13 8 3 2 1]. 201
82 1 5 11 10 16 2 21 20 13 8 3. 129
87 3 9] 10 1 12 8 5 2]. 60|
92 3 3 4 3 2}, B 17
971|. 1 1 1 1]. 4
102]). . . . . . . . . . . . . . . 0
On Hours 301§ 313] 335{ 352] 364 371{ 374] 374] 377| 378] 375] 368] 362 4644@




HVAC Controls (Site 1911)

Program Advanced Performance Options Program
Measure HVAC Controls
Site Description Office

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Install four Variable Air Volume (VAV) air handlers with Variable
Frequency Drives (VFD’s), new motors, and four sets of outside and
return air ducting, dampers, and actuators.

Impacts were developed using DOE2.1E simulation program based on
climate zone, building type, and all HVAC plant and system
characteristics.

The correct climate zone, HVAC plant, and building characteristics were
used in the application. However, the model appears to have over-
estimated the impact of the retrofit. For example, the model results
indicate that heating energy is reduced to only 35 therms for an entire
year, which is highly unlikely for the area.

The evaluation process consisted of reviewing the application form and
supporting documentation and conducting an on-site survey.

The on-site survey was conducted on September 21, 1999 in Walnut
Creek (Climate Zone 12). Information on the retrofit equipment and
operating conditions were collected through an inspection of the plant
and through an interview with the Mechanical Contractor that maintains
the equipment.

A printout was provided that listed the setpoints from the buildings
Energy Management System (EMS). Also provided were trend logs over
a two day period. Due to the.complexity of the retrofit, only partial
estimates were obtained. The systems that were modeled included the
fans, chiller, cooling tower, and boiler. Using the outputs from the
DOE2.1E mode], realization rates for each system were calculated. These
realization rates were leveraged to the entire building to obtain overall
energy, demand, and therm impacts.

Discussions provided data for development of a relationship between
chiller loading and outdoor dry bulb. The chiller is available from 7:00
am to 7:00 pm on weekdays. Space conditioning is available on
weekends by request in two-hour blocks. The Chiller is generally
brought on line at 50 degrees outside air temperature. The Mechanical
Contractor estimated that the chiller reaches 100% loading at
approximately 100 degrees outside air temperature.

To compute the impacts, the following assumptions were used:

* A linear loading strategy was used for the analysis of both the
baseline and rebated chillers, which assumed initial loading at 50




Additional Notes

Impact Results

degrees and 100% loading at 100 Degrees F.

The cooling tower was modeled using fan horsepower and operating
hours. The model was calibrated using ex ante pre-retrofit energy usage
and fan horsepower.

The boiler was modeled such that the pre-retrofit scenario allowed the
boiler to operate continuously and the post-retrofit scenario shut the
boiler down at 80 degrees F outside air temperature. This was calibrated
to the pre-retrofit boiler usage claimed in the model using actual weather
data and duty cycle.

Fans were modeled using horsepower and operating hours. Again, the
model was calibrated using ex ante pre-retrofit energy usage.

Evaluation-based energy and therm impacts were all lower than ex ante
estimates. Although no demand impacts were claimed, it appears that
the demand actually increased due to the fact that 3 three horsepower
motors were replaced with 3 five horsepower motors. Results from these
calculations are summarized below and documented in the attached
workbook.

KW KWh Therm
MDSS 0 94,618.33 11,721
Adjusted 0 36,703.29 6,710
Engineering
Engineering N/A : 0.39 0.57
Realization Rate '




Site 1911: Overall Results

| Ex Post Ex Ante

l kw kWh Therms kw kwWh Therms

TFan Pre-Retrofit 10.444 55018.992 0 53826
Post-Retrofit 14.92| 38024.87328 0 38289
Impact -4.476] 16994.11872 0 0 15537 0
Realization Rate [|N/A 1.094|N/A

Chiller Pre-Retrofit 62.11 132,543.94 0 166105
Post-Retrofit 62.11 119,483.83 0 97399
Impact 0] 13060.10987 0 0 68706 0
Realization Rate [|[N/A 0.190[N/A

{Cooling Tower Pre-Retrofit 1.3055 6877.374 0 6831
Post-Retrofit 1.3055 4564.028 0 5370
Impact 0 2313.346 0 0 1461 0
Realization Rate |IN/A 1.583|N/A

Boiler Pre-Retrofit 4770 11,727 4770 11756
Post-Retrofit 2040.520338 5,017 13 35
Impact 2729.479662 6710.4 0 4757 11721
Realization Rate ||N/A "~ 0.574 0.573 )

Total Impact -4.476] 35097.05425 6710.4 0 90461 11721
Realization Rate [|N/A 0.388 0.573

[Total Impact With All End Uses I

-4.5

36703.3

6710.4

0 94601

11721




Site 1911: Fan and Cooling Tower Results

Annual Annual VFD Adjusted
Operating | Energy Use |Average %| Annual Energy
Fans hp quantity | total hp kW Hours (kwh) loaded Use (kWh)
Pre-Retrofit 3 3 9 6.714 5268] 35369.352 1 35369.352
Pre-Retrofit 5 1 5 3.73 5268 19649.64 1 19649.64
Pre-Retrofit Totals 14 10.444 5268{ 55018.992 1 55018.992
Post-Retrofit 5 4 20 14.92 3496] 52160.32 0.9] 38024.87328
Post-Retrofit Totals 20 14.92 3496] 52160.32 0.9] 38024.87328
Impact (kWh) 16994.11872
Annual Annual
Cooling Tower hp quantity [total hp  [kW Operating |Energy Use
Pre-Retrofit 1.75 1 1.75 1.3055 5268.00f 6877.374
Post-Retrofit 1.75 1 1.75 1.3055] 3496.00] 4564.028
Impact (kWh) 2313.346




Site 1911: Fan and Cooling Tower Pre-Retrofit Hours

Site 1911: Fan and Cooling Tower Post-Retrofit Hours

Temp Sun Mon Tue Wed Thu Fri Sat Total
22 0 0 0 0 0 0 0 0
27 0 0 4] 0 0 0 0 0
32 0 0 0 0 1 3 1 5
37 2 18 12 8 3 11 4 58
42 8 50 25 36 29 37 8 193
47 28 103 94 66 74 57 25 447
52 94 141 135 143 155 149 81 898
57 78 151 133 141 130 133 71 837
62 56 86 88 127 117 123 57 654
67 61 88 77 76 88 80 51 521
72 45 79 69 78 79 66 50 466
77 41 64 61 51 57 57 26 357
82 26 49 58 40 30 41 25 269
87 27 31 31 36 27 41 27 220
92 24 28 17 17 11 16 23 136
97 18 33 16 9 18 13 12 119
102 10 12 9 20 13 5 6 75
107 2 3 7 0 0 0 1 13
112 0 0 0 0 0 0 0 0

On Hours 520 936 832 848 832 832 468 5268.00

Temp Sun Maon Tue Wed Thu Fri Sat Total
22 0 0 0 4] 4] 0 4] 0
27 0 0 0 0 0 0 0 0
32 0 0 0 0 1 1 1 3
37 0 5 5 3 1 4 4 22
42 0 17 12 16 10 17 6 78
47 0 54 57 42 47 41 21 262
52 0 92 93 96 106 100 70 562
57 0 90 93 107 90 88 51 519
62 0 60 63 88 86 96 45 438
67 0 50 63 64 71 68 43 359
72 0 60 52 64 70 56 34 336
77 0 55 53 44 52 46 23 273
82 0 44 55 37 27 34 21 218
87 0 25 28 32 23 39 22 169
92 0 25 14 14 9 16 12 90
97 0 32 15 9 18 13 8 95
102 0 12 9 20 13 3 3 62
t07 0 3 7 0 0 0 0 10
112 0 0 0 0 0 0 0 0

On Hours 0 624 624 636 624 624 364 3496.00




Site 1911: Chiller Results

Post-Retrofit Chiller

Nom. Eff
Nom. Tons
nom kw

0.88
80
70.4

Pre-Retrofit

Outdoor DB Operating Hours | Operating Hours Efficiency Peak TMY Annual | Actual Annual
Temperature (F) | per year (TMY) | per year (Actual) Tons Qutput (kW/Ton) Demand Energy Use Energy Use
(kw) (kWh/year) (kWhyear)
107 0.00 13.00 80 0.770 0.00 0.00 801.22

102 26.00 75.00 80 0.772 61.80 1,606.73 4,634.81

97 81.00 119.00 80 0.774 61.96 5,018.38 7.372.69

92 165.00 136.00 80 0.776 62.11 10,247.50 8,446.42

87 254.00 220.00 64 0.775 49.57 12,590.72 10,905.35

82 406.00 269.00 64 0.776 49.68 20,169.37 13,363.45

77 423.00 357.00 64 0.778 49.78 21,057.35 17,771.81

72 499.00 466.00 48 0.798 38.31 19,117.86 17,853.56

67 586.00 521.00 48 0.800 38.38 22,492.09 19,997.24

62 722.00 654.00 32 0.876 28.04 20,243.92 18,337.29
Totals 3162.00 2830.00 62.11 132,543.94 119,483.83

Post-Retrofit
Outdoor DB Operating Hours | Operating Hours Efficiency Peak TMY Annual | Actual Annual

Temperature (F) | per year (TMY) | per year (Actual) Tons Output (kw/Ton) Demand Energy Use Energy Use
(kw) (kWh/year) (kWh/year)

107 0.00 10.00 80 0.770 0.00 0.00 616.32

102 26.00 64.00 64 0.769 49.21 1,279.45 3,149.43

97 81.00 100.00 48 0.789 37.90 3,069.55 3,789.57

92 165.00 99.00 48 0.791 37.99 6,268.00 3,760.80

87 252.00 175.00 48 0.793 38.08 9,595.06 6,663.24

82 395.00 224.00 48 0.795 38.16 15,072.79 8,547.61

77 387.00 282.00 32 0.871 27.89 10,791.65 7,863.68

72 439.00 346.00 32 0.873 27.94 12,265.53 9,667.14

67 452.00 372.00 32 0.875 27.99 12,651.84 10,412.58

62 533.00 446.00 32 0.876 28.04 14,944.61 12,505.25
Totals 2730.00 2118.00 49.21 85,938.51 66,975.62




Site 1911: Chilter Inputs to Model

Parameter Value Reported Units of Parameter Notes
City Walnut Creek
Climate Zore 12
Pre-Retrofit Nominal Chiller Capacity 80 Tons Application
Pre-Retrofit Nominal Chiller Efficiency 0.88 kWi/ton Dummy Value

Post-Retrofit Nominal Chiller Capacity 80 Tons Application
Post-Retrofit Nominal Chiller Efficiency 0.88 kW/ton From Chiller Rating Sheet
Chiller AM Lockout 7:00 AM Contact provided schedule
Chiller PM Lockout 7:00 PM Contact provided schedule
Chiller Startup OSA Temperature 50 F Contact provided estimate
Chilier Max Load OSA Temperature 100 F Contact provided estimate




Site 1911: Pre-Retrofit Chiller

Centrifugal Chiller (Water-Source) a - b C d e fo
Capacity Correction (Tout, Tin) | -0.298620 0.02996 .0.000801 : 0.017363 0.000326 | 0.000631
Part Load Efficiency (PLR) ! 0.1714927, 0.5882021 0.2373726; . - -
Temp Efficiency (Tout, Tin) L 0.51777196]  -0.00400363 0.00002028]  0.00698793|  0.00008290}  -0.00015467
Nom. Eff 0.88
Nom. Tons 80
nom kw 70.4
Current Data Calculated Values Efficiency
Part Load Ambient
?;::)Z:(Si Tons Output Co:;i:;ser Supply temp Ccal::::?t; Palr;alt.:)ad Adjustment  Adjustment EIR cop kW/Ton
to EIR to EIR
107 80 90 56 78 1.000 1.00 0.88 0.219 4.56 0.770
102 80 89 55 78 1.000 1.00 0.88 0.2197 4.55 0.772
97 80 88 54 79 1.000 1.00 0.88 0.2203 4.54 0.774
92 80 87 53 79 1.000 1.00 0.88 0.2208 4.53 0.776
87 64 86 52 80 0.800 0.79 0.89 0.2203 4.54 0.775
82 64 85 51 80 0.800 0.79 0.89 0.2208 4.53 0.776
77 64 84 50 80 0.800 0.79 0.89 0.2212 4,52 0.778
72 48 83 49 81 0.600 0.61 0.89 0.2270 4.41 0.798
67 48 82 48 81 0.600 0.61 0.89 0.2274 4.40 0.800
62 32 81 47 81 0.400 0.44 0.90 0.2492 4.01 0.876
EiR = EIRrated x EIR-FT x EIR-FPLR / PLR.
Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Chang

es to the ACM Manual -- Central Plant Cooling Equipment)

CA 0.02996076!  -0.00080125}
EIRFT 0.51777196]  -0.00400363 0.00002028| .
EIRFPLR 017149273 0.58820208] 023737257 4 -

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.




Site 1911: Post-Retrofit Chiller

Centrifugal Chiller (Water-Source) a b o d e f

Capacity Cortection (Tout, Tin}) | -0.298620 0.029961 -0.000801 0.017363 -0.000326 : 0.000631 i

Part Load Efficiency (PLR) 0.1714927 0.5882021 0.2373726 - 7

Temp Efficiency (Tout, Tin) 0.51777196]  -0.00400363 0.00002028 0.00696793]  0.00008290]  -0.00015467}

Nom. Eff 0.88

Nom. Tons 80

nom kw 70.4

Current Data Calculated Values Efficiency
Part Load Ambient
Outdoor DB Tons Output Condenser ¢\ temp| CUTeNt  Parload g ment Adjustment|  ER COP  kWfTon
Temperature Temp Capacity Ratio
to EIR to EIR

107 80 90 56 78 1.000 1.00 0.88 0.2191 4.56 0.770
102 64 89 55 78 0.800 0.79 0.88 0.2187 4.57 0.769
97 48 88 54 79 0.600 0.61 0.88 0.2245 4.45 0.789
92 48 87 53 79 0.600 0.61 0.88 0.2251 4.44 0.791
87 48 86 52 80 0.600 0.61 0.89 0.2256 4.43 0.793
82 48 85 51 80 0.600 0.61 0.89 0.2261 4.42 0.795
77 32 84 50 80 0.400 0.44 0.89 0.2478 4.03 0.871
72 32 83 49 81 0.400 0.44 0.89 0.2483 4.03 0.873
67 32 82 48 81 0.400 0.44 0.89 0.2488 4.02 0.875
62 32 81 47 . 81 0.400 0.44 0.90 0.2492 4.01 0.876

EIR = EIRrated x EIR-FT x EIR-FPLR/ PLR.

Chiller Ptant Coefficients -- Electric

Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed

IcAPFT 0.29861976]  0.0299607¢]  -0.00080125]  0.01736268]  -0.00032606]  0.00063139)
ERET e e OS1777196]  0.00400363] 0.00002028)  0.00698793)  0.00008290; _-0.00015467]
[EIRFPLR 0.17149273]  0.58820208]  0.23737257 ]

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature {CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR}
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.




Site 1911; Chiller TMY Weather Data

i
i
\
Temgeram;e2 12:00 AM|  1:00 AM| 2:00 AM %‘EAM 4:00 AM| 5:00 AM| 6:00 AM 7:2;\!4 8:00 AM| 9:00 AM 12:-00 AM] 11:00 AM| 12:00 PM| 1:00 PM]  2:00 PM 3IOO PM 4:_00 PM| 5:00 PM| 6:00PM] 7:00 PM| B8:00 PM] 9:00 PM] 10:00 PM] 11:00 PM|[Pre-Retro | Post-Retro ‘
27]. . . 3 3 3 61, . . . . . . . . . . . . . . . .
32 9 [:] 12 13 14 15 16 ] - - - . . . . 5 . . . . 2 4 7
iz 20 27 3 34 36 37 34 24 16 7] . . . . . 5 . . 4 10 15 15 15
42 54 61 64 62 61 60 59 46 47 31 18 7 4 4 1 2 3 10 21 26 29 31 44 51
47 75 67 70 76 73 62 55 54 a9 37 37 0 19 13 15 17 25 32 40 39 49 58 63 70]
52 72 78 85 85 80 87 53 49 4 52 42 35 31 35 36 3 36 45) 52 62 65 76 72 6;i
57 83 78 67 61 68 60 71 55 4 36 48 51 45 43 41 42 45 5 48 55 5 61 ] as]
62 33 27 22 22 22 31 42 69 4 35 32 35 46 43 46 44 43 k] 50 54 2 72 pl 4q 22 533
67 14 15 12 9 8 8 17 32 64 52 37 36 N 26 27 28 37 4 40) 59 0 29 1 15 586 452
72 5 4 2j. . 2 5 18 3z 57 44 36 k1) 33 34 37 32 32 49) 33 0 17 1 g 499 439
771, . . - . . 1 7 14 36 52 47 34 32 31 25 33 48| 28 21 ¢ 3 20, 423 387
B2]. . . 5 . . . . 8 14 3 46 58 46 43 47 47 N 22 10 1 1. . 406 195
87]. . . . . . . - . 8 15 24 32 40 39 35 28 22 9 2|. . . - 254 252
92]. . - . . . . - . . 7 14 21 25 27 35 22 9 5] . . . . 165 165
97]|. . . . - . . . . . - 4 14 15 19 13 9 6 1]. . . . . 81 81
102]. . . . . - . . . . - . . 4 6 9 5 2. . . . . . 26 26,
107]. . . - . . . . . . . . . . . . . . . . . 5 . - [ 0
112]. - . . . . - . . . - - . . . . . - . . . . . . 0 0.
[On Hours 41 65 12=§ 171 202 220 242 266 270 272 273 256 228 204 179 147 3162 2730,




Site 1911: Chiller Operating Hours

Pre-Retrofit Post-Retrofit

Actual temperature by hour from 11/26/97 to 11/25/98 Actual temperature by hour from 11/26/97 to 11/25/98

Temp Sun | Mon | Tue | Wed| Thu| Fri | Sat |[[On Hours | Temp l[ Sun | Mon | Tue | Wed | Thu | Fri | Sat [[On Hours
22 0 0 0 0 0 0 0 0 22 0 0 0 0 0 0 0 0 |
27 0 0 0 0 0 0 0 0 27 0 0 0 0 0 0 0 0 ‘
32 0 0 0 0 01 0] 0 0 32 0 0 0 0 0 0 0 0 |
37 0 0 0 0 0 0 0 0 37 0 0 0 0 0 0 0 0 |
42 olojoflofJo]Jo]o 0 42 0o Jo]lo]lofloflof]o 0 |
47 ol oJoloJololo 0 47 0o ol ol o[o[o]o 0 |
52 ol o]JololoJo]lo 0 52 0o JolT ol ol olo]o 0 |
57 0 0 0 0 0 0 0 0 57 0 0 0 0 0 0 0 0
62 56 | 86 | 88 | 127 {117]123| 57 654 62 8 60 63 88 86 96 45 446
67 61 88 | 77| 76 | 88 | 80 | 51 521 67 13 50 63 64 71 68 43 372
72 451 79]169] 78 1791] 66| 50 466 72 10 60 52 64 70 56 34 346
77 41 64 | 61 51 57 | 57 | 26 357 77 9 55 53 44 52 46 23 282
82 26| 49 | 58| 40 | 30 | 41 | 25 269 82 6 44 55 37 27 34 21 224
87 27 1 31 | 31| 36 | 27| 41 ] 27 220 87 6 25 28 32 23 39 22 175
92 24 28 [ 17| 17 1 11 { 16 | 23 136 92 9 25 14 14 9 16 12 99
97 18 | 33 16 9 181 13 ] 12 119 97 5 32 15 9 18 13 8 100
102 10 ] 12 9 20 | 13 5 6 75 102 2 12 9 20 13 5 3 64
107 2 3 7 0 0 0 1 13 107 0 3 7 0 0 0 0 10
112 0 0 0 0 0 0 0 0 112 0 0 0 0 0 0 0 0
On Hours 310] 473 | 433|454 1440 442| 278|| 2830.00 " On Hours|| 68 | 366 | 359 | 372 | 369 | 373 | 211 || 2118.00




Site 1911: Boiler Results

Boiler
Nom. Efficiency 0.8
Nom. Output (kBtuh) 720
Nom. Input (kBtuh) 900

Outdoor DB Temperature

Pre-Retrofit

Post-Retrofit

Percent of Hour

Pre-Retrofit

Post-Retrofit

Annual Energy

Operating Hours| Operating Hours O Energy Input | Energy Input Savings
(A Boiler is Firing
per year (Actual}| per year (Actual) (therms) (therms) (Therms/year)
112 0 0 10% 0 0 0
107 13 0 10% 12 0 12
102 75 0 10% 68 0 68
97 119 0 10% 107 0 107
92 136 0] 10% 122 0 122
87 220 0 10% 198 0 f98
82 269 0 10% 242 0 242
77 357 202 10% Ly 182 140
72 466 254 15% 629 343 286
67 521 288 25% 1,172 648 524
62 654 308 30% 1,766 832 934
57 837 375 30% 2,260 1,013 1,247
52 898 417 30% 2,425 1,126 1,299
47 447 182 35% 1,408 573 835
42 193 49 40% 695 176 518
37 58 14 45% 235 57 178
32 14 14 50% 63 63 0
27 1 1 50% 5 5 0
22 L 0 0 50% 0 0 0
Totals I 5,278 2104 11,727 5,017 6,710




Site 1911: Boiler Pre-Retrofit Operating Hours Site 1911: Boiler Post-Retrofit Operating Hours

Actual temperature by hour from 11/26/97 to 11/25/98 Actual temperature by hour from 11/26/97 to 11/25/98
Temp Sun | Mon | Tue |Wed| Thu| Fri | Sat || On Hours Temp Sun | Mon | Tue | Wed | Thu | Fri | Sat On Hours
22 0 0 0 0 0 0 0 0 22 0 0 0 0 0 0 0 0
27 0 0 0 0 0 0 1 1 27 0 0 0 0 0 0 1 1
32 0 0 2 0 1 6 5 14 32 0 0 2 0 1 6 5 14
37 2 18 | 12 8 3 11 4 58 37 1 2 2 1 1 3 4 14
42 8 50 [ 25] 36 | 29| 37 8 193 42 4 11 7 8 5 8 6 49
47 28 | 103} 94| 66 | 74| 57 | 25 447 47 19 30 33 26 24 29 21 182
52 94 | 141 1135|143 [ 155] 149] 81 898 52 66 51 55 57 62 56 70 417
57 78 | 151 [133]141[130] 133] 71 837 57 54 | 54 [ 55 | 61 52 | 48 | 51 375
62 56 | 86 | 881127 |117{123] 57 654 62 41 34 31 52 52 53 45 308
67 61 88 1771 76 | 88| 80| 51 521 67 41 36 41 37 47 43 43 288
72 451 79 | 69| 78 | 79| 66 | 50 466 72 36 32 35 39 40 38 34 254
77 41 64 | 61 | 51 | 57| 57 ] 26 357 77 28 33 32 | 28 29 29 23 202
82 26 | 49 | 58| 40 | 30| 41 | 25 269 82 0 0 0 0 0 0 0 0
87 27 | 31 | 31| 36 | 27+ 41 | 27 220 87 0 0 0 0 0 0 0 0
92 24 | 28 17| 17 11| 16 | 23 136 92 0 0 0 0 0 0 0 0
97 181 33 116 9 18] 13| 12 119 97 0 0 0 0 0 0 0 0
102 10| 12 9 [ 20113 ] 5 6 75 102 0 0 0 0 0 0 0 0
107 2 3 7 0 0 0 1 13 - 107 0 0 0 0 0 0 0 0
112 010 0fojo0foOo]oO0 0 112 0 0 0 0 0 0 0 0
On Hours || 520( 936 | 834 ] 848 | 832] 835| 473|| 5278.00 On Hours |1 290 | 283 | 293 { 309 | 313 | 313 | 303 || 2104.00




EMS System Upgrade (Site 2332)

Program

Advance Performance Options

Measure

Customized Controls

Site Description

Office

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on
Calculations

Evaluation Process

Additional Notes

Install an energy management system (EMS) to reduce the number of
operating hours of equipment.

Impacts were determined using the Trane Trace 600 building energy
simulation model, which models the loading of the heating, cooling and
ventilation systems. Impacts were based on the reduced number of
operating hours of selected systems to correspond to occupancy
schedules. Electricity is saved by reducing the number of operating
hours of the hallway lights, compressors, fans and pumps as well as
reducing the number of hours the building is conditioned by reset
thermostats during unoccupied periods.

Impact calculations were based on the assumption that retrofits occurred
previous to the EMS installation. These retrofits did not occur, resulting
in higher ex post impact estimates. Impact calculations were based on
the reduction of operating hours and a temperature set back for
unoccupied hours. Demand impacts were not included in the
application. Appropriate equipment efficiencies, size, cfm and climate
zone weather data were used.

The evaluation process consisted of reviewing the application form and
supporting documentation, conducting an on-site survey and reviewing
the results from the Trane Trace 600 outputs accompanying the
application. Pre and post retrofit schedules were confirmed through
interviews with the chief engineer. The on-site survey was conducted on
June 22, 1999 with the Energy Project Manager.

The engineering calculations consisted of segmenting the end uses into
separate models for lighting, chillers, motors, and boilers. All end uses
except the boilers were modeled. Due to the lack of usage data for the
boilers, the ex ante therm impacts were accepted as accurate. The
scheduling for the lights provides demand impacts that were not
claimed on the application, therefore, no realization rate can be
calculated. Both energy and demand impacts were higher than ex ante
claims. This is due to the baseline energy usage being somewhat higher
than anticipated, and the EMS providing more efficient use of the
equipment than anticipated.




Impact Results

Kw KWh Therm
MDSS 0.0 231,779.46 28,782
Adjusted 74.68 566,551.68 28,782
Engineering
Engineering N/A 2.44 1.0

Realization Rate




Site 2332: Overall Results

Energy Demand Therms
MDSS 231,779 0 28,782
Lighting 29,481 6 0
Boilers 0 0 28,782
QC Fans 481,288 0 0
Chiller 55,782 69 0
Total 566,552 75 28,782
Realization Rate 2.44 N/A 1.00




Site 2332: Boiler Results

Energy | Demand | Therms
MDSS 0. 0 28,782
QC 0 0 28,782
[Realization Rate N/A N/A 1.00

Note: Assumed accurate from application




Fan Results

L
Site 2332: Fan Results

Energy Demand | Therms

MDSS 231,779 0 28,782

lQC 481,288 0 28,782

[Realization Rate 2.08 N/A 1.00

Fans - kWh PG&E Qc

Total

Base 3,233,760 | 3,233,760 T __‘

New 3,002,023 | 2,752,472

Impact 275,449 481,288

Realization Rate 1.76

Note: From calculations below

PG&E Estimate Hours kWh

HP kW/HP LF kW Saved Saved

Pump-CWP1 30 0.746 0.58 12.98 547.5 7106.77

Pump-CWP2 30 0.746 0.58 12.98 547.5 7108.77

Pump-CHWP1 30 0.746 0.58 12.98 547.5 7106.77

Pump-CHWP2 30 0.746 0.58 12.98 547.5 7106.77

Pump-HWP1 75 0.746 0.58 3.25 0 0.00

Pump-HWP2 75 0.746 0.58 3.25 0 0.00

Pump-HWP3 75 0.746 0.58 3.25 0 0.00

Pump-HWP4 7.5 0.746 0.58 3.25 0 0.00

Pump-HWP5 | 7.5 0.746 0.58 3.25 0 0.00

Pump-HWP6 75 0.746 0.58 3.25 0 0.00

AHU-1S 200 0.746 0.63 94.00 . 1095 102925.62

AHU-1R 40 0.746 0.63 18.80 1095 20585.12

AHU-2S 200 0.746 0.63 94.00 1095 102925.62

AHU-2R 40 0.746 0.63 18.80 1095 20585.12

AC-1S 15 0.746 0.63 7.05 0 0.00

AC-2S 15 0.746 0.63 7.05 0 0.00

275,448.56
QC Estimate Hours kWh
HP kW/HP LF Efficiency kW Saved Saved

Pump-CWP1 30 0.746 0.58 0.86 15.09 730 11018.25

Pump-CWP2 30 0.746 0.58 0.86 15.09 730 11018.25

Pump-CHWP1 30 0.746 0.58 0.86 15.09 730 11018.25

Pump-CHWP2 30 0.746 0.58 0.86 15.09 730 11018.25

Pump-HWP1 7.5 0.746 0.58 0.86 3.77 0 0.00

Pump-HWP2 75 0.746 0.58 0.86 3.77 0 0.00

Pump-HWP3 75 0.746 058 086 377 0 0.00

Pump-HWP4 75 0.746 0.58 0.86 3770, 7o ~0.00]
|Pump-HWP5 75 0.746 0.58 0.86 377 0 0.00|

Pump-HWP6 75 0.746 0.58 0.86 3.77 8030 30300.18

AHU-1S 200 0.746 0.63 0.86 109.30 1460 159574.60

AHU-1R 40|  0.746 0.63 . 0.86 21.86 1460 31914.92

AHU-2S 200 0.746 063 0.86 109.30 1460 159574.60

AHU-2R 40 0.746 0.63 086 2186 1460 31914.92
lAC1s | 15 0746] 063 0.86 8.20 1460 11968.10
|AC-28 15 0.746 063 0.86 8.20 1460 11968.10

481,288.41
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Site 2332: Lighting Results

Ltg Results

(I Energy | Demand | Therms
[MDSS 231,779 0 0
I(_)C 29,481 5.76 [1]
[Realization Rate 0.13 NIA N/A
Lighting - kWh Base Usage PG&E Usage QC Usage PGAE tmpact QC impact

Walls per [ Lamps per| walls per Number of KW per Up KWh per Cp

lamp Fixture Fixture Fixtures Op Hours year Hours year Hours kwh per year Demand (kW) Energy (kwh) Demand (kW) Energy (kWh)

2nd floor Hallway Compact
Flourescents 13 2 32 136 6257 27231 6257 27231 1184 5151 0 0 4.35 22080
2nd floor Lobby 2477 CF's 13 2 32 32 8760 8970 8760 8970 8760 8970 0 0 0.00 0
3rd-6th floor Hallway Compact
Flourescents 13 2 32 44 6257 8810 6257 8810 1001 1409 0 0 1.41 7401
3rd-6th floor Lobby 2477 CF's 13 2 32 15 8760 4205 8760 4205 8760 4205 0 0 0.00 0
ﬁo(al 49216 49216 19735 0 0 5.76 29481

Page 4




Site 2332: Chiller Results

Impacts Savings
Energy Demand Energy Demand
MDSS 231,779 0
QC 55,782 69 56,472 69
Realization Rate 0.24 N/A
Pre-Retrofit Chiller
Nom. Eff 0.7
Nom. Tons 370
nom kw 259
Outdoor DB Temperature| Operating Hours per T fici WIT Annual Energy UsJ P D d (k gperating Annual Energy Use
) year (TMY) ons Output| Efficiency (kW/Ton) (kWhiyear) eak Demand (kW) Hours per (KWhiyear), (Actual)
year (Actual)
97 0.00 370 0.709 0.00 0.00 4.00 1,049.54
92 1.00 338 0.704 237.80 237.80 13.00 3,091.44
87 24.00 305 0.702 5,141.67 214.24 47.00 10,069.11
82 58.00 273 0.702 11,117.82 191.69 98.00 18,785.27
77 165.00 241 0.707 28,075.28 170.15 143.00 24,331.91
72 342.00 208 0.719 51,175.70 149.64 245.00 36,660.95
67 503.00 176 0.740 65,458.65 130.14 493.00 64,157.28
62 432.00 143 0.779 48,234.11 111.65 477.00 53,258.49
57 122.00 111 0.849 11,490.71 94.19 111.00 10,454.66
Totals 1525.00 209,441.02 237.80 1,520.00 211,404.00
Post-Retrofit Chiller
Nom. Eff 0.7
Nom. Tons 370
nom kw 259
Outdoor DB Temperature{ Operating Hours per| . Annual Energy UsJ Operating Annual Energy Use
F) year (TMY) Tons Output| Efficiency (kW/Ton) (KWhiyear), (TMY) Peak Demand (kW)| Hours per (kWhiyear), (Actual)
year (Actual)
97 0.00 370 0.501 0.00 0.00 4.00 741.13
92 1.00 338 0.500 168.88 168.88 13.00 2,195.42
87 24.00 305 0.501 3.673.76 153.07 47.00 7,194.44
82 58.00 273 0.505 7,996.33 137.87 98.00 13,511.03
77 165.00 241 0.513 20,338.53 123.26 143.00 17,626.73
72 342.00 208 0.525 37.,368.12 109.26 245.00 26,769.56
67 503.00 176 0.545 48,221.96 95.87 493.00 47,263.27
62 432.00 143 0.579 35,891.32 83.08 477.00 39,630.00
62 122.00 111 0.639 8,650.44 70.91 111.00 7,870.48
Totals 1,525.00 153,658.89 168.88 1,520.00 154,931.59




Site 2332: Post-Retrofit Chiller

Centrifugal Chiller (Water-Source) a b c d _ e f

Capacity Correction (Tout, Tin) 0298620 0029961 | 0000801 | ooi7363 | -o0om326 | 0000631

Part Load Efficiency (PLR) 0.1714927 0.5882021 02373726 - E E

Temp Efficiency (Tout, Tin) T 051777196, 000400363 0.00002028]  0.00698793]  0.00008290  -0.00015467)

Nom. Eff 0.7

Nom. Tons 370

nom kw 259

Current Data Calculated Values Efficiency
Outdoor ;
Part Load Ambient
T DB Tons Output Condenser Supply temp Currer_1t Part L-oad Adjustment Adjustment| EIR* COP kW/Ton
emperat Temp Capacity Ratio
ure to EIR to EIR

97 370 72 - 52 376 0.984 0.980 0.718 0.1424 7.02 0.501
92 338 71.9 51.8 377 0.90 0.89 0.72 0.1423 7.03 0.500
87 305 71.8 51.5 377 0.81 0.80 0.72 0.1426 7.01 0.501
82 273 716 51.3 378 0.72 0.72 0.72 0.1437 6.96 0.505
77 241 ] 715 51.0 378 0.64 0.64 0.73 0.1458 6.86 0.513
72 208 71.4 50.8 379 0.55 0.57 0.73 0.1493 6.70 0.525
67 176 713 50.5 379 0.46 0.50 0.73 0.1551 6.45 0.545
62 143 711 50.3 380 0.38 0.43 0.73 0.1648 6.07 0.579
57 111 71 50 380 0.29 0.36 0.73 0.1817 5.50 0.639

EIR = ElRrated x EIR-FT x EIR-FPLR/ PLR.

Chiller Plant CoefﬁCIents — Electric Water-Cooled Ch||lers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

-0.00032606! 0.00063139
.00008290; -0.00015467

-0.29861976) 0.02996076; -0.00080125 0.0l736268'
0.51777196 -0.00400363 0.00002028

0.17149273 0.58820208| 0.23737257

CAP-FT =A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR=A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT =A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992,



Site 2332: Pre-Retrofit Chiller

Centrifugal Chiller (Water-Source) a b c d e f

Capacity Correction (Tout, Tin) | 0298620 | 0020961 | -0.000801 | 0017363 .0.000326 0.000631

Part Load Efficiency (PLR) ) 0.1714927 0.5882021 0.7373726 - - -

Temp Efficiency (Tout, Tin) T 051777196 -0.00400363 000002028] 000698793, 000008290  -0.00015467

Nom. Eff 0.7

Nom. Tons 370

nom kw 259

Current Data Calculated Values Efficiency
Outdoor
Part Load Ambient
T DB Tons Output Condenser Supply temp Currept part L.oad Adjustment Adjustment| EIR* COoP kW/Ton
emperat Temp Capacity Ratio
ure to EIR to EIR

97 370 85 43 346 1.068 1.071 1.011 0.2017 4.96 0.709
92 338 85 43 346 0.97 0.97 1.01 0.2003 4.99 0.704
87 305 85 43 346 0.88 0.87 1.01 0.1996 5.01 0.702
82 273 85 43 346 0.79 0.78 1.01 0.1998 5.01 0.702
77 241 85 43 346 0.69 0.69 1.01 0.2012 497 0.707
72 208 85 43 346 0.60 0.61 1.01 0.2045 4.89 0.719
67 176 85 43 346 0.51 0.53 1.01 0.2106 4.75 0.740
62 143 85 43 346 0.41 0.46 1.01 0.22156 4.51 0.779
57 111 85 43 346 0.32 0.38 1.01 0.2413 4.14 - 0.849

EIR = ElIRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients — Electrlc Water-CooIed Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

CAPFI' -0.29861576; 0. 02996076| -0.00080125' 001736268; -0 00032606 000063135,
E[RFF s .o 51777]96 0 00400363' 0.00002028] 0.00658793 0.00008290; -0.00015467
EIRFPLR 0 |7l49273 0. 588202081 0.237372571 - b b

CAP-FT =A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR=A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT =A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.




Site 2332: Weather Data

TMY temperature data for climate zone 03
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Chiller & Cooling Tower Replacement (Site 2386)

Program

Retrofit Efficiency Options Program

Measure

High Efficiency Water-Cooled Chiller and
Oversized Cooling Tower

Site Description

Community Service

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Replace existing water-cooled chiller with a 200-ton high-efficiency
water-cooled chiller and replace cooling tower with an oversized cooling
tower.

Tables of standard values were developed using the HBSSM simulation
program based on climate zone, chiller size, building type, chiller
efficiency, condenser water temperature, wet-bulb temperature, and
cooling tower approach temperature. Values from these tables are used
to calculate the rebate and associated impacts.

The application calculations used the correct climate zone, chiller size,
cooling tower approach temperature, fan horsepower, and building
characteristics.

The evaluation process consists of a review of the application form and
supporting documentation, conducting an on-site survey and then
computing impacts using the on-site data. Models are calibrated with
actual weather, observed chiller run hours since the installation, chiller
loading under extreme outdoor temperature conditions, chilled water
temperature, and condenser water temperature. Energy impacts are
based on typical weather data. A Title 24 baseline, nominal efficiency,
and typical year bin weather data for the applicable climate zone are
used in the bin analysis.

The on-site survey was conducted on July 30, 1999 in Fairfield (Climate
Zone 12). Information on the retrofit equipment and operating
conditions was collected through an inspection of the chillers and
through an interview with the Plant Operator.

Discussions provided data for development of a relationship between
chiller loading and outdoor dry bulb. The chiller is available 24 hours
per day, 7 days per week, including holidays. The contact claims that
the chiller is brought on line at 68 degrees outside air temperature. The
contact is unsure of the outside air temperature required for full loading,
but estimated it at approximately 100 degrees F.

To compute the impacts, the following assumptions were used:

* A linear loading strategy was used for the analysis of both the
baseline, and rebated chillers, which assumed initial loading at 70
degrees and 100% loading at 100 degrees. The initial loading
temperature was adjusted in order to calibrate the model to actual
weather data.




Based on a water-cooled chiller between 150 and 300 tons, a baseline
Title 24 efficiency of 0.837 KW /ton was used.

The post-retrofit cooling tower approach temperature was 4.14

degrees. The baseline for the cooling tower retrofit was assumed to
be the post-retrofit chiller with an approach temperature of 10

degrees.

e The new cooling tower provides energy savings of 0.01 kW /ton for

each degree decrease in approach temperature.

Chiller efficiencies at various temperatures were calculated from
updated default performance coefficients provided in a memo to the
California Energy Commission titled “1995 Proposed Changes to the
ACM Manual Central Plant Cooling Equipment” by Mark Hydeman.
These coefficients were used to develop a chiller efficiency curve for the
Rebate case and a Title 24 base case. Both evaluation-based energy and
demand impacts were lower than Ex Ante estimates. Results from these
calculations are summarized below and documented in the attached

workbook.
Additional Notes
Impact Results
KwW KWh Therm
MDSS 77.56 282,803.31 0
Adjusted 58.73 93,901.31 0
Engineering
Engineering 0.76 0.33 N/A

Realization Rate




Site 2386: Results

Overall Results Energy Demand Chiller Energy Demand Cooling Tower Energy Demand
MDSS 282,803 77.559 MDSS 210,879 67.77 MDSS 71,825 9.789
QcC 93,901 59 QC 79,928 48 QC 13,974 10.548
Realization Rate 0.33 0.76 Realization Rate 0.38 0.71 Realization Rate 0.19 1.08
Pre-Retrofit Chiller Post-Retrofit Chiller
Nom. Eff 0.8 Nom. Eff 0.571
Nom. Tans 200 Nom. Tons 200
nom kw 160 nom kw 114.2
Outdoor DB Operating Hours Tons Output Efficiency Annual Energy | Peak Demand Outdoor DB Operating Hours T Output Efficiency J: e";;';?‘:gy | Peak Demand Hoc::rt;niar
Temperature (F) | per year (Actual)| '° PULE (kwion) | use (kwhiyear) (kW) Temperature (F) | peryear (TMy) | 'ons OUPU | vimon) (TMY)y 0. (kW) A Ac':ua{‘)’
112 0.00 200 0.812 0.00 0.00 112 0.00 200 0.580 0.00 0.00 0.00
107 5.00 180 0.805 724.18 14434 107 5.00 180 0.574 516.88 103.38 5.00
102 30.00 160 0.804 3,861.50 128.72 102 96.00 160 0.574 8,819.67 91.87 30.00
97 78.00 140 0.815 8.896.29 114.05 97 216.00 140 0.581 17,583.86 81.41 78.00
92 176.00 120 0.840 17,749.82 100.85 92 345.00 120 0.600 24,833.99 71.98 176.00
87 335.00 100 0.891 29,850.32 89.11 87 418.00 100 0.636 26,584.38 63.60 335.00
82 433.00 80 0.985 34,128.02 78.82 82 544.00 80 0.703 30,603.30 56.26 433.00
77 537.00 60 1.166 37.583.41 69.99 77 606.00 60 0.833 30,271.97 49.95 §37.00
72 581.00 40 1.565 36,379.79 62.62 72 722.00 40 1.117 32,267.65 44,69 581.00
67 0.00 20 2.835 0.00 0.00 67 0.00 20 2.024 0.00 0.00 0.00
Totals 2175.00 169,173.33 144.84 Totals 2,952.00 171,481.70 103.38 2,175.00
Title 24 Baseline Chiller Post-Retrofit Chiller w/ Cooling Tower
Nom, Eff 0.837 Nom. Eff 0.571
Nom. Tons 200 Nom. Tons 200
nom kw 167.429 nom kw 114.2
Outdoor DB Operating Hours Tons Output Efficiency Annual Energy | Peak Demand Outdoor DB Operating Hours Tons Output Efficiency Jsr;n:kﬁ;‘yz::; Peak Demand Ho(:rsegrl‘nygear
Temperature (F) | per year (TMY) (kWiTon) Use (kWh/year) (kW) Temperature (F) | per year (TMY) (kW/Ton) T™Y) ! (kw) (Actual)
112 0.00 200 0.850 0.00 0.00 112 0.00 200 0.521 0.00 0.00 0.00
107 5.00 180 0.842 757.80 151.56 107 5.00 180 0.516 464.14 92,83 5.00
102 96.00 160 0.842 12,930.51 134.69 102 $6.00 160 0.516 7,919.57 82.50 30.00
97 216.00 140 0.853 25,779.69 119.35 a7 216.00 140 0.523 15,811.80 73.20 78.00
92 345.00 120 0.879 36,409.10 105.53 92 345.00 120 0.541 22,407.95 6495 176.00
87 418.00 100 0.932 38,975.35 93.24 87 418.00 100 0.577 24,134.90 57.74 335.00
82 544,00 80 1.031 44,867.48 82.48 82 544.00 80 0.645 28,053.03 51.57 433.00
77 606.00 60 1.221 44,381.72 73.24 77 606.00 60 0.774 28,141.27 46.44 537.00
72 722,00 40 1.638 47,307.59 65.52 72 722.00 40 1.059 30,575.28 42.35 581.00
67 0.00 20 2.967 0.00 0.00 67 0.00 20 1.965 0.00 0.00 0.00
Totals 2,952.00 251,409.24 151.56 Totals 2.952.00 157,507.94 92.83 2,175.00




Site 2386: Inputs to Model

Parameter Value Reported| Units of Parameter Notes
City Fairfield
Climate Zone 12
Pre-Retrofit Nominal Chiller Capacity 200 Tons Application
Pre-Retrofit Nominal Chiller Efficiency 0.800 kWiton Estimated
Post-Retrofit Nominal Chiller Capacity 200 Tons Application
Post-Retrofit Nominal Chiller Efficiency 0.571 KWiton From Chiller Rating Sheet
Baseline Chiller Efficiency 0.837 kWiton Title 24 Nomina! Efficiency for Chiller >= 150 Tons and < 300 Tons
Pre-Retrofit Cooling Tower Approach Temperature 10.0 F Application
Post-Retrofit Cooling Tower Approach Temperature 4.14 F Appiication
Chiller AM Lockout 0:00 AM Contact provided schedule
Chiller PM Lockout 0:00 PM Contact provided schedule
Chiller Startup OSA Temperature 68 F Contact provided estimate
Chiller Max Load OSA Temperature 100 F Contact provided estimate
Chilled Water Supply Temperature Setpoint 47 F Contact provided setpoints
Condenser Water Temperature Setpoint 87 F Contact provided setpoints
Date of Chiller Installation 7/31/197 Contact provided estimate
Date at Run Hour Reading 10/31/99 Chiller Log
Number of Days Chilter Operated 822 days = ((Read Date - Install Date) * 5/7) - 10 Holidays
Run Hours for Chiller 5366 hours Documented from Chiller Log
Average Hours per Year of Chiller Operation 2382.71 Hours/Year = (Run Hours for New Chiller / Number of Days Chiller Operated) * 365 Days/Year * 5/7
Predicted Run Hours Since Install Using Actual Weather & Setpoints| = 5420.00 hours Based on setpoints and actual weather data; See Weather Data Spreadsheet for Detailg
Predicted Hours per Year Using Actual Weather Data & Setpoints 2175.00 Hours/Year Based on setpoints and actual weather data, See Weather Data Spreadsheet for Detailg|




Site 2386: Post-Retrofit Chiller

Outdoor
DB
Temperat
ure
112
107
102

97
92
87
82
77
72
67

Centrifugal Chiller (Water-Source) a b & B —

Capacity Correction (Tout, Tin) ! o0.58531422 0.01539593 0.00007296 J -0.00212462 0.00004597

Part Load Efficiency (PLR) 0.33018833, 0.23554291 o.4so7oszs[ E R |

Temp Efficiency (Tout, Tin) 0.66625403;! 0.00068584] 0 00028493[ 0.00341677] 0.00025484, -0.00048195]

Post-Retrofit Chiller

Nom. Eff 0.571

Nom. Tons 200

nom kw 114.2

Current Data Calculated Values Efficiency
Condenser Current Part Load Ambient
Tons Qutput Supply temp . Part Load Ratio Adjustmentto Adjustment to EIR CcOoP kW/Ton
Temp Capacity
EIR EIR
200 87 47 209 1.000 1.03 0.99 0.1649 6.07 0.580
180 87 47 209 0.900 0.92 0.99 0.1633 6.12 0.574
160 87 47 209 0.800 0.81 0.99 0.1633 6.12 0.574
140 87 47 209 0.700 0.72 0.99 0.1654 6.05 0.581
120 87 47 209 0.600 0.64 0.99 0.1706 5.86 0.600
100 87 47 209 0.500 0.56 0.99 0.1809 5.53 0.636
80 87 47 209 0.400 0.50 0.99 0.2000 5.00 0.703
60 87 47 209 0.300 0.44 0.99 0.2368 422 0.833
40 87 47 209 0.200 0.40 0.99 0.3178 3.15 1.117
20 87 47 209 0.100 0.36 0.99 0.5755 1.74 2.024
EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.
Chiller Plant Coefficients —- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual — Central Plant Cooling Equipment)

0.58531422 0.01539593 0.00007296] -0.00212462 -0.00000715| -0.00004597|
0.66625403] 0.00068584; 0.00028498, -0.00341677, 0.00025484; -0.00048195]
- 0.33018833]  0.23554291 0.46070828, 1. E -

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR=A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992,




Site 2386: Baseline Chiller

Outdoor

0B

Temperat
ure

112

107

102

97

92

87

82

77

72

67

Centrifugal Chiller (Water-Source) a b c d e

Capacity Correction (Tout, Tin) 0.58531422 001539593 | 0.00007296 |  -0.00212462 -0.00000715 -0.00004597 |

Part Load Efficiency (PLR) 0.3301883) 0.23554291 0.46070828 . 4

Temp Efficiency (Tout, Tin) 0.6662540), 0.00068584 0.00028498 -0,00341677, 0.00025484 -0 00048195!

Post-Retrofit Chiller

Nom. Eff 0.837

Nom. Tons 200.000

nom kw 167.428571

Current Data Calculated Values Efficiency
Condenser Current . Ffart Load Ambient
Tons Output Supply temp| ) Part Load Ratio Adjustment to Adjustment to EIR COP kW/Ton
Temp Capacity
EIR EIR

200 87 47 209 1.000 1.03 0.99 0.2417 4.14 0.850
180 87 47 209 0.900 0.92 0.99 0.2395 4.18 0.842
160 87 47 209 0.800 0.81 0.99 0.2394 4.18 0.842
140 87 47 209 0.700 0.72 0.99 0.2425 4,12 0.853
120 87 47 209 0.600 0.64 0.99 0.2501 4.00 0.879
100 87 47 209 0.500 0.56 0.99 0.2652 3.77 0.932
80 87 47 209 0.400 0.50 0.99 0.2932 3.41 1.031
60 87 47 209 0.300 0.44 0.99 0.3472 2.88 1.221
40 87 47 209 0.200 0.40 0.99 0.4659 215 1.638
20 87 47 209 0.100 0.36 0.99 0.8438 1.19 2.967

EIR = ElRrated x EIR-FT x EIR-FPLR/ PLR.

Chiller Plant Coefﬁcrents - Electnc Water-CooIed Chillers (source Mark Hydeman October 2, 1997 Proposed Chanes to the ACM Manual -

-0.00212462f -0.000007) 5!

-0.00004597,

CAPFT 0.58531422 0.01539593 0.00007296]
EIRFT 0.66625403 0.00068584] 0.00028498; -0.00341677] 0.00025484 -0.00048195
{EIRFPLR - 0.33018833 0.23554291 0.46070828) i E

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR =

A+ (BxPLR) + (C x PLR x PLR)

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manuai -

November 1992.

Central Plant Cooling Equipment)



Site 2386: Pre-Retrofit Chiller

Centrifugal Chiller (Water-Sourcea b ¢ = d e £
Capacity Correction (Tout, Tin) 58531422 | 0.01539593 00000729 | 000212462 -0,00000715 -0.00004597
Part Load Efficiency (PLR) 0.3301883), 0.23554291 o.4607032§[ 4 E :
Temp Efficiency (Tout, Tin) 0.66625403 0.00068584 o.ooozws] -0.00341677] 0.00025484 -0.00048195
Post-Retrofit Chiller
Nom. Eff 0.8
Nom. Tons 200
nom kw 160
Current Data Calculated Values Efficiency
Oul;(g)or Condenser Current Part Load Ambient
Temperat Tons Qutput Temp Supply temp| Capacity Part Load Ratio AdjusEt:r’;ent to Adjusg:r:nt to EIR coP kW/Ton
ure
112 200 87 47 209 1.000 1.03 0.99 0.2310 4.33 0.812
107 180 87 47 209 0.900 0.92 0.99 0.2289 4.37 0.805
102 160 87 47 209 0.800 0.81 0.99 0.2288 4.37 0.804
97 140 87 47 209 0.700 0.72 0.99 0.2317 4.32 0.815
92 120 87 47 209 0.600 0.64 0.99 0.2390 4.18 0.840
87 100 87 47 209 0.500 0.56 0.99 0.2534 3.95 0.891
82 80 87 47 209 0.400 0.50 0.99 0.2802 3.57 0.985
77 60 87 47 209 0.300 0.44 0.99 0.3318 3.01 1.166
72 40 87 47 209 0.200 0.40 0.99 0.4452 2.25 1.565
67 20 87 47 209 0.100 0.36 0.99 0.8063 1.24 2.835

EIR = EIRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients — Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Pro|

0.01539593

0.00007296]

-0.00212462;

osed Changes to the ACM Manual --

{CAPFT 0.58531422 -0.00000715 -0.00004597,
‘EIRFI' 0.66625403: 0.00068584 0.00028498 -0.00341677] 0.00025484) -0.00048195
!E}RFPLR 0.33018833! 0.2355429] 0.46070828| - b

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR=A + (B x PLR) + (C x PLR x PLR)

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A+ (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual -

November 1992.
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Site 2386~ Weather Data
TMY temperature data for climate zone 12
v —— pe—
femp 0.00]1:00]2:00]3.00[4:00]5:00}6:00[7:00]8:00{9:00}10:00{11:00]12:00{13:00]14:00{15.00]16:00]17:00]18:00]1900{20:00{21:00]22:00{23:00JOn Houn

22

27 1 3 3

32) 4 6 10 14| 15] 18] 19 7 2 4 4 4

37| 27| 32| 34| w3732 312 17 6| 1 2 | 5] 71619 17]2

a2l 41 40 36| 4137 42 | 43] | 24| 19| 13| 8 | 3] 3| 3| 3 [ 5 7 108|271 ] 32|32

470 50 | 54 | 64 | 65| 65| 55| 48| 45] 38 ] 24§ 20 15 11 9 [] 8 14 19 28 26 3 42 49 50

52[ 61 61] 61 59| 56| 53| 49] 48| 49 48] 41 | 35 | 25 ] 24 | 21| 23 | 30 | 45 | 41 | 59 | 58 | 60 | 56 | 58

52 43| 42 41| 44| 48| 42| 38| 9] 35| 39| 48 45 42 41 41 39 42 42 49 43 47 37 44 50

62] 35| 4 | 52 [ 63 [ 55| #6390 6| 37| 35| 36 | 37 | 39 | 38 | 43 [ 37 | 1 | | 40 | B | % | 40| 29 ) 33

7] 53| 62| 40| 27| 33 | 47 |48 39 37| 37| 26 | 27 | 36 | 99 | 97 1 36 | 93 ( 32 | 28 | 25 | 22| 28 | 39 | 39 (28]
72| 3] 28] 22| B3] 17| 20| 27| 41| 42| 7| 33 | 33| 26 | 23 | o | 25 | 24 | a1 | 26 | 32| 33 | o7 | 47 | 4z 722
77[15{ 8] 8| 1] 1] 6 |[18]35| 5| 41| 39| 386 | 20 | 30 | 27 | 26 | 25 | 24 [ 32 | 30 | 43 | 42 | 29 | 28 606
52 3 [ 2|13 33[48] & | 36| 39 | 38 | 35 { 35| 30| 35| 28 | 38 | 39 B9 544
87 7] 12[ 1] 38 | 42| 33 | 31 | 77 | 20 | 38 | 27 | 42 | % | 17 | 8 | 1 19|
52 T] 6] 25| 98 | 37 | 39 | 42| 43 | 99 { 37 | 2 | 2| 2 345
97 3 15 31 38 36 n 27 fed 10 216
107 B | 18| 2| % | 19] & [
107 1 1 3 5
112 [}

(On Hours 721 551 430 32 31] 45] 66107 142| 172{ 192| 208 223] 227{ 229] 233] 13| 195[ 174 158] 1431 125! 111| 91.6§ 2952.00

_Actual tem out from 07/31/97 1o 10/31/99

Temp m 3:00]4:00]5:00 Srm 10:00[11:00[12:00{13:00|14:00 |5:Em 17:0018:00]19:00}20:00]21:00]22:00 ZJ:OI}IOH Hours
228 . P I S P B N I S R IS NP P R P P P R A 1
Y] I N EN B N I I I A P P R P R I R e I S I N )
8| 8| 9w 13|55 B[ 7] 5] 1. N 1| 2|6 56
7027 | 6| 42| w48 51|48 37|33 B8] 13| 1] 6 [ 4 | 3] 2 [ 3| 60| 3] 6] 3]2]2
a2J67{70| 80 er| 87| a1 |60 6r(4a| 3] 22 [t | i | 10| &1 o | o] f2] ti [ 18] 30| 40 4158
7] 12¢{ 119 117 126 126] 128 116 100] 89| 84 | 60 | 46 | 31 | 24 | 25 { 25 | 31 | 43 | 65 | 71 | 90 | 100 [ 114 | 121
52§ 138 160] 166|169 [ 173] 170] 158 193] 121( 127 122 | o8 | & | &2 | 71 | 75 | 86 | 102 123 135 | 128 | 18| 130 ] 31
570171 170] 188 181 190] 186] 158] 119] 100 64 | B2 | 111] 118 119 | 117 ] 120 115 107 | &7 | 101 | 105 | 132 | 146 ] 165
62 116]112] 108] 120] 138] 153 117} 103] 76 | 72 | 66 | 74 | 84 | 77 | 78 | 81 | 74 | 103 | 138 [ 147 | 143 137
57 GI | 55| 44 371 67| 104] 142, 122] 95 | 62 | 83 | 60 | 62 | 62 | &4 | 63 | 700 | 712 | 103 | 00| 710 | 98 516
72 = ] 9] @] 751 723] 116 ] 1631 85 | 69 | 61 ] 62 | 79| 87 | 80 | 67 | o1 | 76 | o1 | 4z 1546
77 [12] T B @ @] ] 1] 4] 89 | 76 | 81 [ 74| 82| 83 | 8 | &1 | 3| 25 | o7 1291
52 21 2] 1 [ 1] 1|5 24|43 56 | 90| 92| 90 | 2 | 04 | 81 | 81 | 60 | &4 | 30 | 23 [ 16 | 12 562
&7 . ~ [ 1 | 11| 26| 40 | & | 80 | 94 | ©3 | 93 | 86 | 68 | 38 | 1 | 23 | 11 | & | . 7£J
soh . 1 - 1.1 .1 -1 .[2[¢6]2[34| | 60|65 6a| 64| 4] 27 [20] 6| 2] .| . 0
oy . - - -1 -1.1-1.1-.1115] % [28] 3| ] ]| 39| 242386 | .| | 759
o . 1 -1 .11 -3-1.1.1-1 -1 3]o]| (2|2 [=a]2]3s P 122
ol 111 -1 -1-1-1 1.1 [ -.["[3i{el 7881 31

. . . 0
OnHours | 97| B3| 65t 56| 49] 48] 71} 132]| 220[ 316 390 418] 465 3133 2521 tg97] 155 120 5420@

‘
s
3
N
5
5
&
R
3
g

437

w
o
w

Actual xenFralurcb hour irom 11/01/98 to 10/31/99
0

Temp :00}1:00}2.00]3:00 4:0-0 5:00]6:00]7:00 12:00{13:00(14:00 IS:E) 16:00]17:00[18:00/19:00{20:00|21:00{22:00{23:00]On Hours
2] . . . . . . 1 1 . .
27§ 2 {3 {213 3[ 5| 3] 4] 2 . . . . . . . . . . - . . 2 3
npajat 7| slio]13l14]12] 61 5 1 . . - . . . . . 1 2 8 5 []
37Q 21| 281 A J 35| x| BII0] 5] 24] 4] 12 1t 6 4 3 2 3 [] 10 15 | 1 15 [ 17
4037|3144 4341|230 [43[25] 28| 22] 16 7 [] 8 7 [] (] 10 8 | i 17 | 25 | 27| 35
47060 571 55| 60[ 683 S6|S1 | 5145 41 ] 30 | 27 16 | 13 13 131 15| 21 30 45 | 49 | 57| 57
52056 70{68] 71| 72| 73[61[46] 60) S5]| 49 JL 39 | 35 | 28| N 39 :L 55 | 63 f 60 | 59 | 53 | 57
570 67| 64 [ 80] 77| 82| 80| 76 [ 44| 23 47 | 56 ] 58 | 58 | 60 | 58 | 53 [ S5 | 55 | 49 § 42 } 52 | 58 ! 63
c2f 65| 62 a8y 42| 4| 45|56 83fssj27| 23] 33§ 8| 8 | &1 393 { 41 2] 2 M 48 | 58 | 6a { 67

fraeme ra—— e
67 31| 25] 19| 17| 16| 9 | 16| 41| 67 37 | 18 15|22} 18 77 ] 35 | 50| 55 | 54 | 46| 7 746
e e P e

72010 8 5[ 8] 6| 8] 9[10f3jes] 58] 44 ] 31| 25 18 | 16 | 23 | 38 | 41 43 | 39| 20 | 20 | 14 581

77 5| & 3l 2l 2 [ 41 8 [14]22] 64| 54 ] 49 ] 38 ] 30 ] 38| 34| 36| 43 | 36 | 24 | 13 7 [] 537

B2] 3 | 2 2| 211 1 1 4] 610 22 4a| s8] 42| 461 38 | 42 | 43 | 35 | 17 | 10 [] 5 4 433

8? . - 1 3| 8] w0 [ 2] 38| s0{ 46| 48 | 43 | 30| 18 7 7 4 2 335

92 . . 1 2 7 [) 13] 2] 0| 0] 258 [ 3 7 1 1 176

97 - . 1 4 8 9 2] 18] 14 7 7 1 78|

102 - 1 2 4 [] 7 4 8 1 30

107 - . . 1 1 1 2 - 5

12 . . . . . . . . . . . . . . . . . . - . 0

o ——

On Hours ] 30] 25] 18] 16| 14| 13| 20[ 39| s4] 131] 165] 183] 193] 199§ 199} 200] 194] 186] 165f 131] 103 74.6] 52.4] 17.8] 2175.00]




Boiler Replacement (Site 2387)

Program

Retrofit Efficiency Options Program

Measure

High Efficiency Gas Boiler for Space Heating

Site Description

Community Service

Measure Description

|

|

Summary of Ex Ante
‘ Impact Calculations
|

|

|

\

|

|

|

Comments on PG&E
Calculations

Evaluation Process

Additional Notes

Impact Results

Replace 2 gas boilers with energy efficient gas boilers for space heating.

Tables of standard values were developed using the HBSSM simulation
program based on climate zone, boiler size, building type, and boiler
efficiency. Values from these tables are used to calculate the rebate and
associated impacts.

The correct climate zone, building, and boiler characteristics were used
in the application. The account information, however, is linked to the
animal shelter rather than the detention facility. The monthly billing
data does not add up to the annual total used in the application, but the
error is not proliferated in subsequent calculations.

The evaluation process consisted of reviewing the application form and
supporting documentation and conducting an on-site survey. The on-
site survey was conducted on July 30, 1999. Information on the retrofit
equipment and operating conditions were collected through an
inspection of the boilers and through an interview with the Plant
Operator. '

Because the Plant Operator is responsible for several other sites, there
was limited information regarding the operating schedule for the boilers.
The boilers are available 24 hours per day, 7 days per week to provide
space heating. The setpoint is 170 degrees F. Due to the lack of
scheduling information, the inputs to the rebate calculation were verified
and impacts claimed in the application are deemed reasonable.

KW KWh Therm
MDSS 0 0 2506.76
Adjusted 0 0 2506.76
Engineering
Engineering N/A N/A 1.0
Realization Rate




Heat Exchanger (Site 2404)

Program

Advanced Performance Options Program

Measure

Plate and Frame Heat Exchanger

Site Description

College

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Additional Notes

Impact Results

Install a plate and frame heat exchanger to recharge a thermal energy
storage (TES) system.

A Spreadsheet model was developed which calculates the energy usage
of the TES system both with and without the heat exchanger based on
wet bulb temperatures, tank size, cooling requirements, chiller size and
cooling tower size. Values from this model are used to calculate the
rebate and associated impacts.

The correct wet bulb temperature data, approach temperatures, chiller
size, and operating schedule were used in the application, but the motor
efficiencies, load factors, and chiller efficiencies were slightly different.
In addition, the chilled water temperature is lower than originally
anticipated. The baseline for this project is the pre-retrofit chiller plant.

The evaluation process consisted of reviewing the application form and
supporting documentation and conducting an on-site survey.

The on-site survey was conducted on August 11, 1999 in Fresno (Climate
Zone 13). Information on the retrofit equipment and operating
conditions were collected through an inspection of the cooling tower and
through an interview with the Chief Engineer and Director of Plant
Operations.

The model used for the ex ante rebate calculations was obtained and
examined for discrepancies. After correcting the chilled water
temperature, chiller efficiency, motor efficiency, and load factor, the
model was run again. The ex post energy impact result is slightly higher
than the ex ante estimate.

KwW KWh Therm
MDSS 0 365,434.95 0
Adjusted 0 373,247 .54 0
Engineering
Engineering N/A 1.02 N/A
Realization Rate




Site 2404: Inputs to Model

Tower Approach 3

HX Approach 2 Mech Free |
Free Cool Flow 1500 Primary CW Pumps Running = 1 1
Campus Return 57 Cooling Tower Pumps Running = 1 1
Campus Differential 7 Cooling Tower Fans Running = 1 2
Indoor set point 72 Chillers Running = 1 0
base cool load 330

Mech Cooling kW 628

Free Cooling kW 198

required wbt 45

Min Allowable TES tonhr Capacity 8000

Chiller Temp 39

Chiller Flow 1100

Initial TES tonhrs 7670

Initial Remaining gallons 612976 -

Initial total gallons withdrawn 1024924

Initial TES Temperature 39




Site 2404 Free Cooling
Table 3
Energy Cost Savings for the Free Cooling Project at UC Fresno
ENERGY CONSUMPTION COMPARISON ENERGY COST SAVINGS
Energy Mechanical Free Cost
Month Energy Consumption - Mech. Cooling Energy Consumption - Free Cooling Savings - Free : - ;
. Cooling Cooling Savings
Cooling
Off-Peak  Partial Peak Off-Peak  Partial Peak
(kWhr) (KWhr) Total (kWhr) (KWhr) (KWhr) Total (kWhr)|  Total (kWhr) Total (3) Total ($) Total ($)
Nov 71,087 100,010 171,097 63,754 68,345 132,100 38,998 $8,307 $6,333 $1,974
Dec 77.869 109,017 186,886 34,183 33,647 67.830 119,055 $9,071 $2,974 $6,097
Jan 77,869 108,017 186,886 37,762 50,440 88,202 98,684 $9,071 $4,091 $4,980
Feb 70,333 98,467 168,800 53,369 45,908 99,277 69,523 $8,193 $4,574 $3,619
Mar 67,821 95,695 163,516 54,647 61,882 116,528 46,988 $7,940 $5,537 $2,403
Total 364,980 512,205 877,185 243,715 260,223 503,937 373,248 $42,582 $23,509 $19,073
Assumptions:
Off-Peak TES Charging Only = no
Off & Partial Peak TES Charging = yes
Max WBT for Free Cooling = 45




Site 2404 Free Cooling

Table 2. Daily Winter Cooling Profiles and Energy Consumption

Assumptions:
Free Cooling Mode = , yes Primary CW Pumps Running = 1
Ofi-Peak TES Charging Only = no Cooling Tower Pumps Running = 1
Oft & Partial Peak TES Charging = yas Cooling Tower Fans Running = 2
Max WBT for Free Cooling = 45 Chillers Running = 0
. Campus .
Free Cooling " . TES Off-Paak Partial Poak  Partial Peak
Day Availsbility °°|‘_’""g UF cod ‘;‘°°"1‘"“ Capacity | TEFS Chiller/Aux g"'lp“‘;x:" Chiller/Aux  Fres Cooling Total (kWhr)
(tonhrs) oad Used (tonhrs) o\, oy Temp (F} (kwhy COOling (kWhr) (KWhr) (KWhr)
(tonhrs)
28-Oct
29-Oct
30-Oct
31-Oct .
1-Nov 0 7920 0 12574 39 o 0 0 ] 0
2-Nov 2438 7920 2437 7732 42 488 292 0 0 1480
3-Nov 1750 7920 1749 7735 42 1488 794 3201 1] 5492
4-Nov 3625 7920 3824 7755 44 997 1191 2285 198 4671
5-Nov 2188 7820 2187 8253 45 1745 595 2998 397 5724
6-Nov 5438 7920 5435 7897 48 244 17608 1447 188 3678
7-Nov 3313 7920 N 7782 45 752 1389 2590 0 4731
8-Nov 0 7920 o] 7721 42 2491 0 3491 0 5982
8-Nov . B250 7820 8247 89372 48 250 1786 751 1181 3977
10-Nov 5125 7820 5083 7801 48 769 1388 205 175 2538
11-Nov 0 7920 0 7129 42 2485 0 3489 0 5974
12-Nov 4250 7920 4248 7925 44 748 1389 2192 1988 4528
13-Nov €375 7920 8372 7771 45 701 1389 354 595 3040
14-Nov 5813 7920 5810 7779 45 712 1389 894 595 3591
15-Nov 4825 7820 4823 7785 45 1073 892 1438 784 4298
18-Nov 0 7920 0 7725 42 24903 0 3490 o 5883
17-Nov 438 7920 437 7801 41 2250 198 3503 0 5951
18-Nov 4875 7920 4873 7883 44 498 1588 1884 198 4148
19-Nov 7250 7920 7247 8133 46 147 1766 585 595 3093
20-Nov 7375 7920 7372 8179 48 338 1786 107 397 2628
21-Nov 5875 7920 5873 7903 48 482 1588 881 198 3128
22-Nov 2813 7920 2811 7772 44 747 992 3039 198 4977
23-Nov (] 7920 ] 7715 41 2493 Q 3493 0 5986
24-Nov 0 7920 0 7688 40 2502 ] 3505 0 6008
25-Nov 5000 7920 4998 7958 44 500 1588 1924 198 4210
26-Nov 5375 7920 5373 7776 45 754 1389 1043 397 3583
27-Nov 0 7920 0 7717 41 2492 0 3492 0 5984
28-Nov 1} 7920 1] 7889 40 2502 0 3505 0 8007
29-Nov 3878 7920 3873 7753 43 924 1191 2201 397 4713
30-Nov 0 7920 0 7705 1 2496 0 3497 o 5902
1-Dec 0 7920 4] 76884 40 2504 0 3508 0 8012
2-Dec 4688 7920 4688 7755 44 747 1389 1785 397 4298
3-Dec 1813 7920 1812 8535 43 1745 595 3498 0 5837
4-Dec 17500 7920 13388 14018 44 0 1637 o] 1831 3468
5-Dec 18750 7920 7766 13873 a5 0 830 [+] 1142 1873
8-Dec 13938 7920 8325 14288 44 0 833 [o} 1156 1989
7-Dec 20813 7920 8231 14610 44 0 768 0 1080 1678
8-Dsc 16125 7920 8649 13348 45 0 811 0 1110 1021
9-Dac 15083 7920 7011 12448 48 [} 905 0 1304 2209
10-Dec 15375 7920 8078 13215 45 [+] 1229 o 732 1981
11-Dec 14250 7920 7815 13118 45 0 1274 0 602 1877
12-Dec 15313 7920 8198 13405 45 0 1071 b 1078 2147
13-Dec 7938 7920 3426 8914 45 0 803 0 168 77
14-Dec 8125 7920 8122 9585 48 0 1788 335 892 3113
15-Dac 12125 7920 10580 12238 48 0. 1851 0 864 2814
16-Dec 11000 7920 6803 11129 48 4] 1303 ] 684 1667
17-Dec 8250 7820 5649 8884 47 0 1540 0 188 1728
18-Dac 10125 7920 9328 10282 48 0 1885 0 804 2588
19-Dec 18375 7920 10668 13044 45 0 1441 0 1389 2830
20-Dac 286868 7920 11363 18502 42 0 818 [+] 1058 1875
21-Dec 32813 7820 10832 198427 40 1] a72 0 901 1673
22-Dec 38813 7820 10474 21994 a7 0 577 o] 775 1352
23-Dec 33938 7920 8859 22644 37 0 524 ] 718 1241
24-Dac 31563 7920 8011 23045 38 0 508 0 889 1208
25-Dec 27375 7920 7089 22202 37 o 515 ] 718 1231
26-Dec 25625 7920 6889 21179 a8 0 538 ] 746 1282
27-Dec 23813 7920 6718 19985 39 0 562 ] 783 1348
28-Dec 20083 7920 6268 18387 41 4] 589 0 828 1429
29-Dec 19875 79820 8710 17185 42 o 848 0 894 1542
30-Dec 15250 7820 5950 15202 43 o 701 o 985 1685
31-Dec 5313 7820 2101 0384 44 0 545 ] 161 708
1-Jan 68813 7920 8810 10033 46 284 794 1049 1588 3714
2-Jan 18583 7920 10205 12421 46 0 1597 4] 1250 2847
3-Jan 13125 7920 88768 13187 45 4 915 1] 1242 2157
4-Jan 20938 7920 8935 14213 44 0 881 0 1170 2031
5-Jan 22813 7920 9073 15377 43 [} a01 ] 1091 1692
8-Jan 24875 7920 2048 16514 42 [+] 738 [+] 992 1727
7-Jan 24313 7920 8492 17097 42 [} €98 [+] 964 1663
8-Jan 24875 7920 8450 17837 41 0 878 1] 641 1819
9-Jan 26500 7920 8667 18395 41 0 855 0 €03 1558
10-Jan 27375 7820 8511 18997 40 0 626 [+] 852 1478
11-Jan 24438 7920 7552 18837 40 o 819 0 853 1472
12-Jan 23825 7920 7414 18140 41 1] 830 0 864 1495
13-Jan 20375 7920 6799 17028 42 ] 655 0 003 1559
14-Jan 17438 7920 6753 15869 43 0 693 [} 931 1624
15-Jan 7500 7920 2821 10772 43 0 519 o 303 822
18-Jan 0 7920 4] 7721 42 749 o 2857 0 3707
17-Jan [} 7920 0 7690 40 2501 0 3504 0 6005
18-Jan 0 7920 0 76878 a9 2507 [ 3512 0 8019
19-Jan 0 7920 o 7673 39 2510 (] 3515 0 8025



Site 2404 Fraa Cooling

Table 2. Daily Winter Cooling Profiles and Energy Consumption

Assumplions:
: Free Cooling Mode = yes Primary CW Pumps Running = 1
OH-Peak TES Charging Only = no Cooling Tower Pumps Running= 1
Off & Partial Peak TES Charging = yes Cooling Tower Fans Running = 2
| Max WBT for Free Cooling = 45 Chillers Running = 4]
. Campus " .
Free Cooling " TES Off-Peak Partial Peak  Partial Peak
Day Availability c°f"“° Free C°°r"‘"° Capacity M ~  ChilleriAux :"‘l?“':;;h“ Chiller/Aux Frea Cooling Total (KWhr)
(tenhrs) oad Used (tonhrs) = 1) Teme (F) (kwhp Co0ling (KWhn) (KWhr) (kWhr
(tonhrs}
; 20-Jan 0 7920 0 7871 39 2511 0 3516 [¢] 8027
| 21-Jan 938 7820 837 7849 42 2009 397 3518 0 5923
| 22-Jan 8125 7920 8123 7768 44 741 1389 482 595 3207
| 23-Jan 3500 7920 3499 8088 48 4088 1588 3109 [} 5195
| 24-Jan 12125 7920 10308 11103 47 468 1103 o] 2404 3974
| 25-Jan 21063 7920 10177 13373 45 0 994 o 1315 2308
| 26-Jan 14875 7920 6717 12177 46 0 893 0 1262 2155
‘ 27-Jan 185683 7920 8750 13018 45 0 940 L] 1307 2247
| 28-Jan 18250 7820 8381 13469 45 4] 869 L] 1149 2019
| 29-Jan 14500 7920 7975 13534 45 0o 1188 [+] 800 1988
\ 30-Jan 12125 7620 6634 12255 48 0 880 ] 1208 2088
‘ 31-Jan 6813 7920 4359 8898 a7 [} 1264 [+] 395 1659
| 1-Feb -12938 7920 11085 11857 48 0 1985 0 1013 2997
2-Feb 13688 7920 8095 12042 46 0 1312 0 840 2152
3-Feb 9583 7920 5517 9846 48 0 1328 o] 271 1587
4-Fab 8313 7920 7087 a8o1 47 0 1855 o 391 2348
i 5-Feb 7875 7920 7184 8268 47 0 1985 147 362 2493
8-Fab 4875 7920 4873 7813 46 766 1389 1205 397 3757
7-Feb [+ 7920 0 77368 a2 2483 0 3487 0 5970
8-Fab 4] 7920 0 7897 40 2498 0 3501 [} 5999
9-Fab 8888 7920 8884 12422 44 1753 5985 1253 1788 5388
10-Feb 20563 7920 10825 15341 43 0 1362 ] 1035 2396
11-Feb 18813 7920 7527 14957 44 0 762 [¢] 1047 1809
12-Feb 15438 7820 6464 13509 45 4] 797 [+] 1100 1897
13-Feb 8188 7920 3528 9120 45 0 802 0 253 855
14-Feb 4938 7820 4938 8121 46 247 1588 1281 168 3293
15-Feb 8875 7920 68872 7770 45 524 1389 ] 595 2508
168-Feb 3438 7920 3438 77768 45 1018 1191 2397 168 4804
17-Feb 0 7920 0 7718 42 2493 0 3492 0 5085
18-Feb [\ 7920 [+} 7889 40 2502 0 3505 [¢} 6006
19-Feb 5563 7920 5560 8108 45 747 1389 1384 794 42983
20-Feb 5938 7920 5935 7781 45 752 1389 505 397 3043
21-Feb 9813 7920 9809 10008 48 248 1788 [} 1985 4018
22-Feb 8500 7920 5200 7932 47 486 1071 [+] 306 1883
23-Feb 7375 7920 7372 7970 48 440 1586 [¢] 595 2822
24-Feb 4813 7920 4811 7783 45 744 1389 1478 198 3808
25-Feb 838 7920 937 8005 44 1992 397 3480 o 5880
28-Feb 8750 7920 8747 7779 45 715 1389 [+] 794 2898
27-Feb 40683 7920 4081 7769 44 1003 1191 1924 198 4316
28-Feb 4375 7920 4373 7770 44 746 1389 1850 198 4284
1-Mar o] 7920 0 7715 41 2493 0 3493 0 5988
2-Mar 1875 8311 1874 7727 42 1749 585 3158 198 5701
3-Mar 238 7920 937 7973 42 1999 397 3503 o] 5898
4-Mar 14375 7920 11878 11947 48 1] 1680 [+] 2201 3881
5-Mar 10938 7920 8683 10898 47 [+} 1266 [¢] 872 2138
8-Mar 7688 7920 5378 8514 48 0 1458 288 517 2243
7-Mar 106825 7920 8608 10214 48 0 1801 0 1328 3220
8-Mar 8375 7920 3554 7805 48 751 780 735 218 2482
9-Mar 7875 7820 7872 10468 48 1071 | 992 988 1788 4835
10-Mar 15125 7820 8978 11538 a7 o] 1330 ] 1304 2835
11-Mar 9375 7920 8030 9654 47 [} 1299 0 685 1994
12-Mar 7688 7920 5976 8111 47 300 1537 0 198 2034
13-Mar 5875 8507 5873 8177 46 215 1788 1838 198 4035
14-Mar 5438 7820 5435 7890 46 504 1588 11684 198 3454
15-Mar 8825 7920 8622 8433 47 0 1985 1395 784 4173
16-Mar 4000 7920 3932 7768 47 846 1389 1879 367 4280
17-Mar 4688 7920 48668 7768 45 748 1389 1725 198 4081
18-Mar 1313 7920 1312 7750 43 1743 §95 3259 0 5597
19-Mar 875 7920 875 7922 43 1996 397 3497 0 5890
20-Mar 1750 7920 1749 7841 43 1109 704 3524 0 5427
21-Mar 3825 7920 3824 7748 43 205 1101 2200 [s] 4388
22-Mar 3438 7920 3438 7760 44 098 1191 2424 198 4800
23-Mar 0 7820 0 7709 41 2495 o 3495 o 5990
24-Mar 1938 7920 1937 7726 42 1499 794 3068 0 5359
25-Mar o] 7920 0 7892 40 2500 0 3503 0 6003
26-Mar 0 7920 0 7878 39 2507 0 3511 0 68018
27-Mar 8938 7820 6935 8554 48 502 1588 908 992 3990
28-Mar 0
28-Mar
30-Mar
31-Mar
1-Apr
2-Apr
3-Apr
4-Apr
5-Apr
8-Apr
7-Apr
8-Apr

Total 1,411,875 1,185.218 782,540 1572,971 105223 138,492 179,283 683,080 503,937




Site 2404 Free Cooling

Table 2. Daily Winter Cooling Profiles and Energy Consumption

Assumptions:
Free Cooling Mode » yes Primary CW Pumps Running = 1
Oft-Peak TES Charging Only = no Cooling Tower Pumps Running = 1
Off & Partial Peak TES Charging = yes Cooling Tower Fans Running = 2
Max WBT for Free Cooling = 45 Chillers Running = [1]
Campus .
Free Cacling ) . TES Off-Poak Partal Pesk  Partial Peak
Day Availability C°E’""g Free f“"r"'““ Capacity TEFS ChillarfAux g"f"“':(;:" ChillertAux  Froe Cooling Total (kWhr)
{tonhrs) oad Used (tonhrs) o ey Temp (F) (wny) Cooing (Whe (KWWhr)
(tonhrs)
MONTHLY TOTALS
Nov 96,083 237,800 95,964 241,088 43 38,567 27,188 61,423 6,922 132,100
Dec 536,688 245,520 228,400 447,727 43 4,998 29,187 8,104 24,543 87,830
Jan 436,438 245,520 182,134 394,178 43 14,779 22,983 25,160 25,280 88,202
Feb 203,313 221,760 150879 259,189 45 22,153 31,215 30,056 14,952 99,277
Mar 136,375 214,818 115,164 230,793 45 28,727 27,920 49,8619 12,263 118,528

Total 1411875 1,185218 782,540 1572971 44 105,223 138,492 178,263 83,960 503,037




Site 2404 No Free Cooling

Table 2. Daily Winter Cooling Profiles and Energy Consumption

! Assumptions:
\ Free Cooling Mode = no Primary CW Pumps Running = 1
‘ Off-Peak TES Charging Only = no Cooling Tower Pumps Running = 4
! Off & Partial Peak TES Charging = yes Cooling Tower Fans Running = 1
‘ Max WBT for Free Cooling = 45 Chillers Running = 1
. Campus i "
Frae Cooling " . TES Off-Peak Partial Peak  Partial Peak
Day Availabiity  Cooling Free Cooling oo T TEFS Chiller/Aux g"'f“';x:‘ Chiller/Aux Free Gooling Totel (kWhr)
(tontrs) Load Used (tonhrs) (tonhrs) emp (F) (KWhr) ooling ({ n (KWhry (kWhr)
(tonhrs)
28-Oct
29-Oct
30-Oct
31-Oct
1-Nov [+] 7920 0 12574 39 0 0 0 0 [}
2-Nov 0 7920 0 7870 39 754 o] 1544 0 2297
3-Nov 0 7920 0 7870 38 2512 0 3517 0 6029
4-Nov 0 7920 0 7670 338 2512 0 as17 0 6029
5-Nov 0 7920 0 7670 39 2512 0 3517 0 8028
6-Nov 0 7920 0 7670 39 2512 0 3517 o 40290
7-Nov 1] 7920 o 7670 38 2512 0 3517 0 6029
8-Nov 0 7920 0 76870 39 2512 ] 3517 0 8029
9-Nov 0 7920 0 7870 39 2512 0 3517 [+ 8029
10-Nov 0 7920 0 7870 39 2512 0 3517 0 8029
11-Nov 0 7920 0 7870 39 2512 0 3517 0 8029
12-Nov 1] 7920 0 7870 39 2512 aQ 3517 o} 6020
13-Nov 0 7920 0 7670 39 2512 0 3517 0 6020
14-Nov 0 7920 0 7870 a9 2512 0 3517 Y] 6029
15-Nov 0 7920 0 76870 ag 2512 0 3517 ] 8028
18-Nov o 7920 V] 7870 3g 2512 0 3517 o] 8029
17-Nov 0 7820 0 7870 39 2512 0 3517 0 8026
18-Nov 0 7920 0 7870 39 2512 0 3517 0 6029
18-Nov 0 7920 0 7670 39 2512 [ 3517 0 6029
20-Nov 0 7920 ] 7870 38 2512 0 3517 4] 6029
21-Nov 0 7920 0 7870 39 2512 0 3517 Y] 6029
22-Nov 0 7920 0 7670 39 2512 [} 3517 0 6029
23-Nov o] 7920 0 7670 39 2512 0 3517 o] 6029
24-Nov [} 7920 0 7670 39 2512 0 517 0 6029
25-Nov 0 7920 0 7870 39 2512 0 3517 0 8029
28-Nov 0 7920 0 7670 39 2512 0 3517 0 8029
27-Nov 0 7920 1] 7870 39 2512 0 3517 [ 8020
28-Nov 0 7920 0 7870 39 2512 0 3517 0 6029
28-Nov 0 7920 0 7670 39 2512 0 3517 0 8029
30-Nov 0 7920 0 7870 39 2512 0 3517 [+] 6028
1-Dec 0 7920 0 7870 a9 2512 0 3517 0 6029
2-Dec 4] 7920 0 76870 39 2512 0 3517 [} 8029
3-Dec o 7920 0 7870 39 2512 0 3517 0 8029
4-Dec 0 7920 0 76870 39 2512 0 3517 0 6029
5-Dec o 7920 0 76870 a9 2512 0 3517 [ 6029
8-Dec 0 7920 0 7870 39 2512 0 3517 4] 8029
7-Dec 0 7920 o 7670 38 2512 0 3517 1] 8029
8-Dec 0 7820 0 7670 39 2512 0 3517 o] 8029
9-Dec 0 7920 0 7670 39 2512 0 3517 0 8029
10-Dec 0 7920 0 76870 39 2512 . 0 3517 Q 8029
11-Dec 0 7920 o 7670 39 2512 0 3517 0 8029
12-Dec 0 7920 0 7870 39 2512 0 3517 0 8029
13-Dec 0 7920 0 7670 39 2512 0 3517 0 8029
14-Dec 0 7920 ] 7670 39 2512 0 3517 0 6029
15-Dec 0 7920 0 7870 39 2512 0 517 0 8029
18-Dec 0 7820 [ 7870 39 2512 0 3517 o] 8029
17-Dec ) 7920 0 7670 a9 2512 0 3517 1] 8029
18-Dec o 7920 0 7670 39 2512 0 3517 0 8020
18-Dec o] 7620 0 7870 39 2512 0 3517 0 8029
20-Dec 0 7920 0 7670 38 2512 0 3517 0 8029
21-Dec o] 7920 0 7670 a9 2512 0 3517 1] 8029
22-Dec [+ 7920 0 7670 39 2512 0 3517 0 8029
23-Dec [+ 7920 0 7870 k] 2512 0 3517 0 8029
24-Dec 0 7920 ] 7670 39 2512 0 3517 0 6028
25-Dec o} 7920 0 7670 39 2512 0 3517 0 6029
28-Dec 4] 7020 0 7870 39 2512 [ 3517 0 8029
27-Dec 0 7920 0 7870 39 2512 [} 3517 o 6020
28-Dec 0 7920 0 7670 39 2512 [} 3517 ) 6029
29-Dec 0 7920 [} 7670 39 2512 0 517 0 6029
30-Dec 0 7920 0 76870 39 2512 [\ 3517 0 8029
31-Dec 0 7920 0 7870 39 2512 0 3517 Q 6029
1-Jan 0 7920 0 7870 39 2512 0 3517 1} 6029
2-Jan 0 7920 [} 7870 39 2512 0 3517 0 6029
3-Jan Q 7920 ) 7670 39 2512 0 3517 0 6029
4-Jan 0 7920 0 7670 38 2512 0 3517 [} 68029
5-Jan 0 7920 0 7670 39 2512 0 3517 [+] 8029
6-Jan [} 7920 o] 7870 as 2512 [} 3517 [¢] 6029
7-Jan 0 7920 [¢] 7870 39 2512 0 3517 0 a02e
B-Jan 0 7920 o 7870 39 2512 [} 3517 [} 6029
8-Jan 0 7920 0 7870 39 2512 0 3517 0 6029
10-Jan Q 7920 0 7670 39 2512 0 3517 0 6029
11-Jan 0 7920 0 7870 39 2512 0 3517 0 68029
12-Jan 0 7920 0 76870 39 2512 0 3517 0 8029
13-Jan 0 7920 4] 7870 39 2512 0 3517 0 8029
14-Jan 0 7920 0 7670 39 2512 0 3517 0 6020
15-Jan 0 7920 0 7870 39 2512 0 3517 0 8029
16-Jan 0 7920 o 7670 ki) 2512 0 3517 0 8029
17-Jan Q 7920 0 7870 39 2512 0 3517 ] 6028
18-Jan 0 7920 0 7670 39 2512 0 3517 0 8029
19-Jan 0 7920 0 76870 39 2512 0 3517 [} 8029




Site 2404

No Free Cooling

Table 2. Daily Winter Cooling Profiles and Energy Consumption

Assumptlions:
Free Cooling Mode = no Primary CW Pumps Running = 1
Off-Peak TES Charging Only = no Cooling Towar Pumps Running = 1
Off & Partial Peak TES Charging = yas Cooling Tower Fans Running = 1
Max WBT for Free Caoling = 45 Chiflers Running = 1
" Campus . .
Free Cooling " . TES Off-Paak Partial Peak  Partial Peak
Day Availability c°|‘_’::g J::: 5:::?3 Capacity Tem:st) Chiller/Aux ('gof(f;l;ﬂ;(':d;:; Chiller/Aux  Fres Cooling Total (kWhr)
{tonhrs) (tanhrs) {tonhrs) {(kWhr) (kWhr) (kwhr)
20-Jan Y] 7920 0 7670 39 2512 0 3517 0 8029
21-Jan [¢] 7920 0 7670 39 2512 0 3517 0 8029
22-Jan 0 7920 0 7870 39 2512 0 3517 0 8029
23-Jan 0 7820 ] 7670 39 2512 s} 3517 Q 8029
24-Jan 0 7820 o 7670 39 2512 0 3517 0 6028
25-Jan 0 7920 ] 7870 39 2512 0 3517 0 6029
26-Jan 0 7920 o 7870 38 2512 0 517 Q 6029
27-Jan 0 7920 0 7870 38 2512 0 3517 0 8029
28-Jan o 7920 o 7870 39 2512 [¢] 3517 0 8029
29-Jan 0 7820 [} 7870 39 2512 0 3517 0 8029
30-Jan ] 7920 0 7670 a9 2512 0 3517 0 68029
31-Jan 0 7920 0 7670 39 2512 0 3517 0 60298
1-Feb 0 7920 0 7870 39 2512 0 3517 0 6029
2-Feb [v] 7920 o 7670 39 2512 Q 3517 0 6029
3.Feb 0 7620 0 7670 38 2512 "] 3517 0 6029
4-Fab 0 7920 0 76870 39 2512 0 3517 0 68029
5-Fab 0 7920 [} 7670 39 2512 o] 3517 0 8029
6-Feb 0 7920 0 7670 39 2512 0 3517 0 6029
7-Feb 0 7920 0 7870 39 2512 0 3517 0 8029
8-Feb 0 7820 [+ 7670 39 2512 0 3517 0 6029
9-Feb ] 7920 ] 7670 39 2512 0 3517 0 6029
10-Feb [+ 7920 [} 7670 39 2512 0 3517 0 8029
11-Feb Q 7920 0 7670 39 2512 0 3517 Q 8029
12-Feb o 7920 0 7670 39 2512 0 3517 [} 6020
13-Feb 0 7920 0 7670 a9 2512 0 3517 1] 6029
14-Feb 0 7920 Q 7670 38 2512 0 3517 0 8029
15-Fab 0 7920 0 7670 39 2512 0 3517 0 6029
16-Feb 0 7920 0o 7670 39 2512 [¢] 3517 0 6029
17-Feb 0 7920 0 7670 39 2512 Q 3517 0 680289
18-Feb 0 7920 0 7870 39 2512 [+] 3517 0 8028
19-Feb 0 7920 [+] 7870 39 2512 a 3517 1} 6020
20-Feb ] 7920 0 7670 39 2512 0 3517 0 6029
21-Feb 0 7820 [} 7670 39 2512 0 3517 0 6029
22-Fab 0 7920 (4] 7870 39 2512 [} 3517 0 8029
23-Feb o 7920 0 7670 39 2512 4] 3517 o] - 8029
24-Feb 0 7920 o 7670 39 2512 4] 3517 0 8029
25-Fab 0 7920 0 7670 39 2512 Q 3517 0 6028
26-Feb 0 7920 0 7670 39 2512 0 3517 o 68029
27-Feb [1] 7920 1] 7670 39 2512 [ 3517 0 8029
28-Feb [} 7920 o] 7670 39 2512 ] 3517 [ 8029
1-Mar 0 7920 0 7670 39 2512 0 3517 0 8029
2-Mar 0 8311 Q 7870 39 2512 0 3815 0 6326
3-Mar 0 7920 0 7870 39 2512 0 3517 0 8029
4-Mar o 7920 0 7670 39 2512 [¢] 3517 0 6029
5-Mar 0 7920 0 7870 39 2512 0 3517 ] 8029
6-Mar ] 7920 0 7870 39 2512 Q 3517 Q 8029
7-Mar 0 7820 0 7870 39 2512 0 3517 0 6029
8-Mar Y] 7920 0 7670 39 2512 [} 3517 o 8028
9-Mar 0 7920 0 7870 39 2512 0 3517 0 8029
10-Mar 0 7920 0 7870 39 2512 0 3517 0 6029
11-Mar o 7620 L) 7870 39 2512 0 3517 o] 6029
12-Mar 0 7820 0 7870 39 2512 0 3517 0 6028
13-Mar 0 8507 0 7870 39 2512 0 3683 0 8475
14-Mar 0 7920 0 7670 39 2512 ¢ 3517 0 8029
15-Mar o 7920 o 7870 39 2512 0 3517 o 6029
16-Mar 0 7920 0 7870 a3 2512 0 3517 0 6029
17-Mar 0 7920 0 7870 39 2512 0 3517 0 6029
18-Mar o 7920 b] 76870 39 2512 0 3517 0 8029
19-Mar 1] 7920 0 7670 33 2512 0 3517 1] 6028
20-Mar 0 7920 0 7870 39 2512 0 3517 0 8029
21-Mar 0 7920 0 7670 39 2512 0 3517 0 6029
22-mar 0 7920 0 7870 39 2512 0 3517 0 6020
23-Mar 0 7820 0 7870 39 2512 0 3517 0 8029
24-Mar 0 7920 0 7870 ] 2512 [4] 3547 0 8029
25-Mar 0 7920 0 7670 39 2512 0 3517 o) 6029
26-Mar 0 7920 0 7670 39 2512 0 3517 0 6028
27-Mar ] 7920 1] 7870 38 2512 0 3517 0 8029
28-Mar 0
29-Mar
30-Mar
31-Mar
1-Apr
2-Apr
3-Apr
4-Apr
S5-Apr
8-Apr
7-Apr
8-Apr
Totat 0 1185218 0 1132451 364,980 o 512,205 0 877,185




Site 2404

No Free Cooling

Table 2. Daily Winter Cooling Profiles and Energy Consumption

Assumptions:
Free Cooling Mode = N no Primary CW Pumps Running = 1
Off-Peak TES Charging Only = no Cooling Tower Pumps Running = 1
Off & Partial Peak TES Charging = yes Cooling Tower Fans Running = 1
Max WBT for Free Cooling = 45 Chilters Running = 1
. Campus : : .
Fraa Cooling . TES Off-Peak Partial Peak  Partial Peak
Day Availability C°f""g F"’: c°°:"° Capacity TEFS ChilerfAux é’"‘f’“" Free i iler/Aux Free Cooling Total (KWhr)
(tonhrs) oad Used (tonhrs) 1, ) Temp (F) fwnry Cooling (KWhn) (kWhr) (kKWhn)
{tonhrs)
MONTHLY TOTALS
Nov [} 237,800 0 235,015 39 71,087 Q 100,010 0 171,097
Dec 0 245,520 0 237,782 39 77,889 [¢] 108,017 0 188,886
Jan 0 245,520 0 237,782 39 77,869 [ 109,017 0 188,886
Fab 0 221,760 0 214771 39 70,333 0 98,487 [4] 168,800
Mar 0 214,818 [ 207,101 39 87,821 Q 85,695 0 163,518
Total 0 1,165.218 ¢ 1,132,451 39 364 980 0 512,205 0 877,185



Install Variable Frequency Drives on Chillers (Site 2410)

Program Advanced Performance Options Program
Measure Variable Frequency Drives
Site Description Office

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Additional Notes

Impact Results

Install Variable Frequency Drives (VFD’s) on a 350-ton and a 200-ton
chiller to optimize part load performance.

Impacts were developed by a PG&E representative using a temperature
bin model incorporating pre- and post-retrofit chiller efficiencies at
various operating points.

The correct climate zone and chiller characteristics were used in the
application.

The evaluation process consisted of reviewing the application form and
supporting documentation. The contact requested that the on-site be
coordinated with their account representative. Several attempts were
unsuccessful to contact the representative therefore a thorough review of
the application was conducted. Ex ante impact estimates are accepted as
accurate.

KW KWh Therm
MDSS 65 530,960.27 : 0
Adjusted 65 530,960.27 0
Engineering :
Engineering 1.00 1.00 N/A
Realization Rate




Chiller Replacement (Site 2413)

Program

Advanced Performance Options Program

Measure

High Efficiency Water-Cooled Chiller

Site Description

Office

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Replace two existing chillers with high-efficiency water-cooled chillers.

Impacts were developed using DOE2.1E simulation program based on
climate zone, building type, and chiller characteristics.

The correct climate zone, chiller size category and building
characteristics were used in the application calculations. However, the
calibration to customer billing records appears to have vastly over-
estimated the chiller contribution to those bills, resulting in a
considerable over-estimation of impact. The most likely sources of error
are in the hours of operation for the chillers.

The evaluation process consists of a review of the application form and
supporting documentation, conducting an on-site survey and then
computing impacts using the on-site data.

The on-site survey was conducted on September 15, 1999 in San Mateo
(Climate Zone 3). Information on the retrofit equipment and operating
conditions were collected through an inspection of the chiller and
through an interview with the Chief Engineer. The site consists of two
independent buildings, with one chiller in each building.

Discussions provided data for development of a relationship between
chiller loading and outdoor dry bulb. The chillers are available from 7:00
am to 6:00 pm on weekdays only. Cooling is available for after-hours
and weekends in 2 hour increments. The Chillers are generally brought
on line at 60 degrees outside air temperature. The Chief Engineer
estimated that the chillers reach 70% loading at approximately 100
degrees outside air temperature.

Models are calibrated with actual weather, observed chiller run hours
since the installation, the chiller lock-out temperature, chiller loading
under outdoor temperature conditions, chilled water temperature, and
condenser water temperature. Energy impacts are based on typical
weather data. A Title 24 baseline, nominal efficiency, and typical year
bin weather data for the applicable climate zone are used in the bin
analysis. To compute the impacts, the following assumptions were used:

e A linear loading strategy was used for the analysis of both the
baseline and rebated chillers, which assumed initial loading at 60
degrees F and 70% loading at 100 Degrees F.

e For the baseline chiller case a Title 24 baseline efficiency of
0.748KW /ton was used, based on a water-cooled chiller greater than
300 tons.




Additional Notes

Impact Results

Chiller efficiencies at various temperatures were calculated from
updated default performance coefficients provided in a memo to the
California Energy Commission titled “1995 Proposed Changes to the
ACM Manual Central Plant Cooling Equipment” by Mark Hydeman.
These coefficients were used to develop a chiller efficiency curve for the
Rebate case and a Title 24 base case. The efficiencies for the new chillers
were adjusted to account for the variable speed drives installed on the
motors by utilizing chiller performance curves for both chillers with and
without VSD’s at ARI rating conditions. Evaluation-based energy
impacts were lower than Ex Ante estimates, and demand impacts were
higher. Results from these calculations are summarized below and
documented in the attached workbook.

KwW KWh Therm
MDSS 62 559,083.43 0
Adjusted 98.56 76,911.17 0
Engineering
Engineering 1.59 0.14 N/A
Realization Rate




Site 2413: Overall Results

Bldg 155 Impacts Savings
Energy Demand Energy Demand
MDSS 197,019.00] 36.00
QC 34,184.86 44.02 56,336.52 53.08
Realization Rate 0.17 1.22
Bldg 177 Impacts Savings
Energy Demand Energy Demand
MDSS 361,962.001 33.00
QC 42,726.31 54.54 80,231.10 126.66
Realization Rate 0.12 1.65
Total Impacts Savings
Energy Demand Energy Demand
MDSS 559,083.00] 62.00
QC 76,911.17 98.56 [136,567.62| 179.73
Realization Rate 0.14 1.59




Site 2413: Results, Bldg 177

Post-Retrofit Chiller
Nom. Eff 0.593
Nom. Tons 300
nom kw 177.9
. Annual . Annual Energy
Outdoor DB (ngz:l::j Tons Output Efficiency |.Energy Use | Peak Demand Ho?zeg::r;iar Use
Temperature (F) year (TMY) (kW/Ton) {kWh/year), (kw) (Actual) (kWh/year),
(TMY) {Actual)
Energy Demand 102 0.00 210 0.32 0.00 0.00 1.00 66.29
Savings Impact Savings Impact 97 0.00 187 0.31 0.00 0.00 6.00 343.83
MDSS 361,962 33 92 071 163 0.30 34.92 48.89 20.00 977.74
QC 80,231 42,726 127 55 a7 20.00 140 0.30 828.94 41.45 49.00 2,030.90
Realization Rate 0.12 1.65 82 - 41.43 117 o 1,497.19 36.14 90.00 3,252.51
77 125.00 93 033 3.811.23 30.49 187.00 5,701.61
72 28357 70 0.34 6,824.39 24.07 306.00 7,364.15
67 490.71 47 0.40 9,172.93 18.69 439.00 8,206.24
62 679.29 23 0.60 9,499.94 13.99 306.00 4,279.47
Totals 1,640.71 31,669.54 48.89 1,404.00 32,222.74
Title 24 Baseline Chiller Pre-Retrofit Chiller
Nom. Eff 0.748 Nom., Eff 1
Nom. Tons 300 Nom. Tons 300
nom kw 224.400 nom kw 300
Outdoor DB ggz::(;é Tons Output Efficiency | Annual Energy | Peak Demand Outdoor DB gzzzrg;gr Tons Output Efficiency Enle\?gr;ulese Peak Demand
Temperature (F) year (TMY) (kW/Ton) Use (kWh/year) (kW) Temperature () year (Actual) (kW/Ton) (kWhiyear) (kW)
102 0.00 300 0.44 0.00 0.00 102 1.00 300 0.59 175.54 175.54
97 0.00 267 0.44 0.00 0.00 97 6.00 267 0.5% 939.37 156.56
92 071 233 0.44 73.88 103.43 92 20.00 233 0.59 2,765.53 136.28
87 20.00 200 0.45 1,819.66 90.98 87 49.00 200 0.61 5,960.11 121.63
82 41.43 167 0.47 3,244.76 78.32 82 90.00 167 0.63 9,423.73 104.71
77 125.00 133 0.50 8,344.43 66.76 77 187.00 133 0.67 16,688.86 89.25
72 283.57 100 0.55 15,658.72 55.22 72 306.00 100 0.74 22,589.87 73.82
67 490.71 67 0.67 21,915.74 44.66 67 439.00 67 0.90 26,211.40 59.71
62 679.29 33 1.03 23,338.68 34.36 62 591.00 33 1.38 27,146.23 45.93
Totals 1,640.71 74,395.85 103.43 Totals 1689.00 111,900.65 175.54




Site 2413: Inputs to Model, Bldg 177

Parameter Value Reported Units of Parameter Notes
City San Mateo
Climate Zone 3
Pre-Retrofit Chiller
Nominal Chiller Capacity 300 Tons Application
Nominal Chiller Efficiency 1 kWi/ton DOE Calibration Run
Post-Retrofit Chiller
Nominal Chiller Capacity 300 Tons Application
Nominal Chiller Efficiency 0.593 kW/ton From Chiller Rating Sheet
Full Load Amps 243 FLA From Chiller Display
Max kw 177.9 kw Calculated
Title 24 Nominal Chiller Efficiency 0.748 kWi/ton DOE Baseline Run
Setpoints and Scheduling
Chiller AM Lockout 7:00 AM M-F; Contact provided schedule; After hours and weekend cooling available in 2
Chiller PM Lockout 18:00 PM hour increments by request
Chiller Startup OSA Temperature 60 F Contact provided estimate
Chiller Max Load OSA Temperature n F Contact provided estimate
Chilled Water Supply Temperature Setpoint 50.6 F Contact provided setpoints; Chiller is on Manual Operation
Condenser Water Temperature 65 F Contact provided setpoints; Chiller is on Manual Operation
Date of Chiller Installation 2/28/98 Application
Date at Run Hour Reading 9/15/99 Chiller Log
Number of Days Chiller Operated 403 days (M-F Only) Calculated
Run Hours for New Chiller 2714 hours Chiller Log
Average Hours per Year of Chiller Operation 1756.40 Hours/Year (M-F Only) Calculated from Observed Operating Conditions
Run Hours Since Install Using Actual Weather & Setpoints 2841.00 hours Based on schedule and setpoints provided in interview and actual weather data
Hours per Year from Actual Weather Data 1098.00 Hours/Year (M-F Only) [ Based on schedule and setpoints provided in interview and actual weather data




Site 2413: Post-Retrofit Chiller, Bidg 177

Outdoor

D8

Temperatu
re

102

97

92

87

82

77

72

67

62

Centrifugal Chitler (Water-Source) a b c

Capacity Correction (Tout, Tin) -0.73861976 | 0.02996076 | -0.00080125 | 001736268 ; -0.00032606] 0.00063139

Part Load Efficiency (PLR) 017749273 056820708]  0.23737257] B . 1

Temp Efficiency (Tout, Tin) 0ET7Ise -0.00400363] " 0.00002028]  0.00698793; 0.00008290] -0.00015467

Post-Retrofit Chiller

Nom. Eff 0.593

Nom. Tons 300

nom kw 177.9

Current Data Calculated Values Efficiency VSD Correction
Part Load Ambient ) Corrected
Tons Output Co;::-lnser Supply temp CC”"ef“ Pa; L'oad Adjustment  Adjustment EIR coP kwW/Ton S;all.ng kwWi/ton for
P apacity atio o EIR 10 EIR VY

210 65 57 269 0.700 0.70 0.59 0.0989 10.11 0.348 0.9 0.316
187 64.5 56.2 272 0.622 0.63 0.59 0.1010 9.91 0.355 0.86 0.307
163 64 55.4 275 0.544 0.56 0.60 0.1039 9.63 0.365 0.82 0.299
140 64 54.6 279 0.467 0.50 0.61 0.1090 9.18 0.383 0.77 0.296
117 63.5 53.8 282 0.389 0.44 0.61 0.1155 8.66 0.406 0.76 0.310
93 63.5 53 285 0311 0.38 0.62 0.1269 7.88 0.446 0.73 0.327
70 63 52.2 287 0.233 0.32 0.62 0.1452 6.89 0.511 0.67 0.344
a7 63 51.4 291 0.156 0.27 0.63 0.1847 5.41 0.649 0.62 0.401
23 62.5 50.6 292 0.078 0.22 0.64 0.3028 3.30 1.065 0.56 0.599

EIR = EIRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coeffluenls -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS$) + (E x CWS x CWS) + (F x CHWS x CWS)

-0.29861 976

CAPFT 0.02996076] _ -0.00080125  0.01736268, .0.00032606  0.00063139
EIRFT 051777196 -0.00400363]  0.00002028;  0.00698793]  0.00008290;  -0.00015467
EIRFPLR™ 77 0.17149273| " 0.56820208]  0.23737257 e

This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual

- November 1992.




Site 2413: Baseline Chiller, Bldg 177

Centrifugal Chiller (Water-Source) a b [ d e f

Capacity Correction (Tout, Tin} -0.29861976']  0.02996076 | -0.00080125 | 0.01736268 | -0.00032606] 0.00063139
Part Load Efficiency (PLR) 0.17149273 0.58820208 0.23737257! -; - R
Temp Efficiency (Tout, Tin) 051777196  -0.00400363 0.00002028 0.00698793E 0.00008290 -0.00015467

Post-Retrofit Chiller

Nom. Eff 0.748
Nom. Tons 300
nom kw 224.4
Current Data Calculated Values Efficiency
Qutdaor Part Load Ambient
Teml:;zratu Tons Output Co::;r;ser Supply temp é:a l;::i?r; Paétall.ic:)ad Adjustment  Adjustment EIR cor kW/Ton
re to EIR to EIR
102 300 65 57 269 1.000 1.00 0.59 0.1245 8.03 0.438
97 267 64.5 56.2 272 0.889 0.88 0.59 0.1249 8.01 0.439
92 233 64 55.4 275 0.778 0.77 0.60 0.1261 7.93 0.443
87 200 64 54.6 279 0.667 0.67 0.61 0.1294 7.73 0.455
82 167 63.5 53.8 282 0.556 0.57 0.61 01337 7.48 0.470
77 133 63.5 53 285 0.444 0.48 0.62 0.1424 7.02 0.501
72 100 63 522 287 0.333 0.39 0.62 0.1571 6.37 0.552
67 67 63 51.4 291 0.222 0.31 0.63 0.1905 5.25 0.670
62 33 62.5 50.6 292 0.1 0.24 0.64 0.2932 34 1.031

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

Gne e & JL e L _"a T o
-0.29861976]  0.02996076]  -0.00080125|  0.01736268] -0.00032606]  0.00063139
0.51777196] -0.00400363] ~ 0.00002028]  0.00698793!  0.00008290]  -0.00015467

0.17149273 0.58820208 023737257 i ] .

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chitled water supply temperature (CHWS, or Tout} and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.




Centrifugal Chiller (Water-Source) a b c d e f

Capacity Correction (Tout, Tin) | -0.29861976 | 0.029%6076 ] -0.00080125 ] 0.01736268 -0.00032606 0.00063139
Part Load Efficiency (PLR) | 0.17149273 0.586820208) 0.23737257, - N

Temp Efficiency (Tout, Tin) 0.51777196] -0.00400363 0.00002028 0.00698793 0.00008290;  -0.00015467

Post-Retrofit Chiller

Site 2413: Pre-Retrofit Chiller, Bldg 177
EIR = EfRrated x EIR-FT x EIR-FPLR / PLR. |
|
|
|

)
|
|
|
Nom. Eff 1
Nom. Tons 300
nom kw 300
Current Data Calculated Values Efficiency
Qutdoor Part Load Ambient
Tem[z)gratu Tons Qutput Co;:r:nser Supply temp Cu"ef“ Part L.oad Adjustment  Adjustment EIR corp kW/Ton
p Capacity Ratio
re to EIR to EIR
102 300 65 57 269 1.000 1.00 0.59 0.1664 6.01 0.585
97 267 64.5 56.2 272 0.889 0.88 0.59 0.1670 5.99 0.587
92 233 64 55.4 275 0.778 0.77 0.60 0.1685 5.93 0.593
87 200 64 54.6 279 0.667 0.67 0.61 0.1730 5.78 0.608
82 167 63.5 53.8 282 0.556 0.57 0.61 0.1787 5.60 0.628
77 133 63.5 53 285 0.444 0.48 0.62 0.1904 5.25 0.669
72 100 63 52.2 287 0.333 0.39 0.62 02100 4.76 0.738
67 67 63 51.4 29 0.222 0.31 0.63 0.2547 3.93 0.896
62 33 62.5 50.6 292 g1n 0.24 0.64 0.3919 2.55 1.378
\
|
|
)
|
|

-0.00032606

CAPFT -0.29861976, 0.02996076] -0.00080125' 0.01736268] 0.00063139,
EIRFT 0.51777196}  -0.00400363 0.00002028; 0.00698793 0.00008290] -0.00015467,
EIRFPLR 0.17149273 0.58820208 0.23737257} E E p |

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + {E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature {CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

| souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.




Site 2413: Results, Bldg 155

Post-Retrofit Chiller

Energy Demand
Savings Impact Savings Impact
MDSS 197,019 36
QC 56,337 34,185 53 44
Realization Rate 017 1.22
Title 24 Baseline Chiller
Nom. Eff 0.748
Nom. Tons 350
nom kw 261.800
QOutdoor D8 ng‘:tgg Tons Output Efficiency | Annual Energy | Peak Demand
Temperature (F) year (TMY) (kW/Ton) { Use (kWh/year} (kW)
102 0.00 245 0.53 0.00 130.34
97 0.00 219 0.53 0.00 115.90
92 071 193 0.53 73.12 102.37
87 20.00 166 0.54 1,807.90 90.39
82 41.43 140 0.56 3,251.01 7847
77 125.00 114 0.59 8,356.80 66.85
72 283.57 88 0.65 16,173.67 57.04
67 490.71 61 0.77 23,289.62 47.46
62 679.29 35 1.10 18,946.23 38.61
Totals 1,640.71 71,898.35 130.34

Nom. Eff 0.613
Nom. Tons 350
nom kw 214.55
. Annual . Annual Energy
Outdoor DB SEE:‘;E Tons Output Efficiency |. Energy Use | Peak Demand Hooufse;;?:r;gear Use
Temperature (F) (kW/Ton) (kWh/year), (kw) (kWh/year),
year (TMY) (TMY) tActual) {Actual
102 0.00 245 030 0.00 86.32 1.00 72.32
97 0.00 219 0.29 0.00 79.06 6.00 378.54
92 0.71 193 0.28 38.91 71.90 20.00 1,089.42
87 20.00 166 0.28 929.58 64.85 49.00 2,277.47
82 41.43 140 0.29 1,670.82 57.94 90.00 3,629.72
77 125.00 114 030 4,302.41 51.17 187.00 6,436.41
72 283.57 88 032 7,989.63 44.56 306.00 8,621.56
67 490.71 61 037 11,034.78 38.12 439.00 9,871.87
62 679.29 35 0.49 11,747.35 31.88 306.00 5,291.86
Totals 1,640.71 37,713.49 86.32 1,404.00 37,669.18
Pre-Retrofit Chiller
Nom. Eff 0.8
Nom. Tons 350
nom kw 280
Outdoor D8 Operating Efiiciency Annual Peak Demand
Temperature (F) Hours per | Tons Output «W/Ton) Energy Use (kW)
year (Actual) (kWh/year)
102 1.00 245 0.57 139.40 139.40
97 6.00 219 057 744 .49 124.08
92 20.00 193 0.57 2,193.96 109.70
87 49.00 166 0.58 4,714.66 96.22
82 90.00 140 0.60 7,524.80 83.61
77 187.00 114 0.63 13,434.37 71.84
72 306.00 88 070 18,631.05 60.89
67 439.00 61 0.83 22,262.79 50.71
62 591.00 35 1.18 24,404.50 41.29
Totals 1689.00 94,050.01 139.40




Site 2413: Inputs to Model, Bldg 155

Parameter Value Reported |  Units of Parameter Notes
City San Mateo
Climate Zone 3
Pre-Retrofit Chiller
Nominal Chiller Capacity 350 Tons Application
Nominal Chiller Efficiency 0.8 kW/ton DOE Calibration Run
Post-Retrofit Chiller
Nominal Chiller Capacity 350 Tons Application
Nominal Chiller Efficiency 0.613 kW/ton From Chiller Rating Sheet
Full Load Amps 296 FLA From Chiller Display
Max kw 21455 kW Calculated
Title 24 Nominal Chiller Efficiency 0.748 kWiton DOE Baseline Run
Setpoints and Scheduling
Chiller AM Lockout 7:00 AM M-F; Contact provided schedule; After hours and weekend cooling available in 2
Chiller PM Lockout 18:00 PM hour increments by request
Chiller Startup OSA Temperature 60 F Contact provided estimate
Chiller Max Load OSA Temperature 41 F Contact provided estimate
Chilled Water Supply Temperature Setpoint 50.6 F Contact provided setpoints; Chiller is on Manual Operation
Condenser Water Temperature 65 F Contact provided setpoints; Chiller is on Manual Operation
Date of Chiller installation 2/28/98 Application
Date at Run Hour Reading 9/15/99 Chiller Log
Number of Days Chiller Operated 403 days (M-F Only) Calculated
Run Hours for New Chiller 2714 hours Chiller Log
Average Hours per Year of Chiller Operation 1756.40 Hours/Year (M-F Only) Calculated from Observed Operating Conditions
Run Hours Since Install Using Actual Weather & Setpoints 2841.00 hours Based on schedule and setpoints provided in interview and actual weather data
Hours per Year from Actual Weather Data 1098.00 Hours/Year (M-F Only) [ Based on schedule and setpoints provided in interview and actual weather data




Site 2413: Post-Retrofit Chiller, Bidg 155

Outdoor

DB

Temperatu
re

102

97

92

87

82

77

72

67

62

Chiller Plant Coefficients --

Electric Water-Cooled Chillers {source Mark Hydeman October 2, 1997 Proposed Change:

s to the AC

CAPFT -0.29861976, 0.02996076| -0.000801 25[ 0.01736268| -0.00032606 0.00063139
EIRFT 0.51777196, -0.00400363, 0.0000202 Ei 0.00698793 0.00008290 -0.00015467

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR =

A+ (B x PLR) + (C x PLR x PLR)

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS) :
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992,

Centrifugal Chiller (Water-Source) a b c d e
Capacity Correction (Tout, Tin) 029867976 | 002996076 | 0.00080125 | 0.01736268 ~ -0.00032606 0.00063139
Part Load Efficiency (PLR) 0.17149273 o.saszozoa[ - 3
Temp Efficiency (Tout, Tin) 0.51777196]  -0.00400363] : 0.00698793; 0.00008290]  -0.00015467,
Post-Retrofit Chiller
Nom. Eff 0.613
Nom. Tons 350
nom kw 214,55
Current Data Calculated Values Efficiency V5D Correction
' Part Load Ambient . Corrected
Tons Output CoTrjdenser Supply temp Ccu"ef“ Pa: It'.c:)ad Adjustment to  Adjustment EIR cop kW/Ton S;zlt'.ng kW/ton for
emp apacity an EIR to EIR 0 VSD
245 65 58 306 0.700 0.70 0.58 0.1002 9.98 0.352 0.84 0.295
219 64.6875 57.075 312 0.625 0.63 0.58 0.1028 9.73 0.361 0.80 0.288
193 64.375 56.15 317 0.550 0.57 0.59 0.1062 9.41 0.373 0.76 0.283
166 64.0625 55.225 322 0.475 0.50 0.60 0.1109 9.01 0.390 0.72 0.280
140 63.75 543 327 0.400 0.44 0.61 0.1177 8.50 0.414 0.70 0.288
114 63.4375 53.375 331 0.325 0.39 0.62 0.1279 7.82 0.450 0.67 0.303
88 63.125 52.45 335 0.250 0.33 0.62 0.1448 6.90 0.509 0.63 0.322
61 62.8125 51.525 338 0.175 0.28 0.63 0.1770 5.65 0.622 0.59 0.367
35 62.5 50.6 N 0.100 0.23 0.64 0.2590 3.86 0.911 0.54 0.494
EIR = ElIRrated x EIR-FT x EIR-FPLR / PLR.
M Manual -- Central Plant Cooling Equipment)




Site 2413: Baseline Chiller, Bldg 155

Centrifugal Chiller (Water-Source) a b c d e f

Capacity Correction (Tout, Tin) [ -0.29861976 | 0.029%6076 | -0.00080125 | 0.01736268 | -0.00032606] 0.00063139
Part Load Efficiency (PLR) [ 0.17149273|  0.58820208]  0.23737257, 3 - ]
Temp Efficiency (Tout, Tin) . 051777196] -0.00400363]  0.00002028]  0.00698793'  0.00008290;  -0.00015467

Post-Retrofit Chiller

Nom. Eff 0.748
Nom. Tons 350
nom kw 261.8
Current Data Calculated Values Efficiency
Outdoor Part Load Ambient
Tem?)zraw Tons Output C":::‘"‘e' supply temp|  Current  Partload oy iment  Adjustment | EIR COP  kWiTon
P Capacity Ratio
re to EIR to EIR
102 245 77.5 57 344 0.700 0.70 0.71 0.1513 6.61 0.532
97 219 75.5 56.2 345 0.625 0.63 0.70 0.1507 6.64 0.530
92 193 73.5 55.4 346 0.550 0.57 0.69 0.1513 6.61 0.532
87 166 72 546 347 0.475 0.50 0.68 0.1546 6.47 0.544
82 140 70 538 346 0.400 0.44 0.67 0.1594 6.27 0.561
77 114 67.5 53 344 0.325 0.39 0.66 0.1672 5.98 0.588
72 88 66 52.2 344 0.250 0.33 0.65 0.1854 5.39 0.652
67 61 64 51.4 342 0.175 0.28 0.64 0.2204 4.54 0.775
62 35 62 50.6 339 0.100 0.23 0.63 0.3137 3.19 1.103

EIR = EIRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Etectric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

N N | A
CAPFT 0.29861976]  0.02996076]  -0.00080125]  0.01736268] -0.00032606] _ 0.00063139
EIRFT 0.51777196) -0.00400363 0.00002028 0.00698793 0.00008290| -0.00015467
EIRFPIR 0.17149273] " 0.58820208 0.23737257 N

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EiR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.




Site 2413: Pre-Retrofit Chiller, Bldg 155

Centrifugal Chiller (Water-Source) a b c d e f

Capacity Correction (Tout, Tin) - -0.29861976 ] 002996076 | -0.00080125 | 0.01736268 | -0.00032606] 0.00063139
Part Load Efficiency (PLR) : 0.17149273]  0.58820208 0.23737257] 1 -

Temp Efficiency (Tout, Tin) : 0.51777196]  -0.00400363 0.00002028;  0.00698793]  0.00008290;  -0.00015467

Post-Retrofit Chiller

Nom. Eff 0.8

Nom. Tons 350

nom kw 280

Current Data Calculated Values Eificiency
Qutdoor Part Load Ambient
Tem[zzratu Tons Output Co;:;nser Supply temp é:u"ef“ Part L,oad Adjustment  Adjustment EIR cop kW/Ton
p apacity Ratio
re to EIR to EIR

102 245 77.5 57 344 0.700 0.70 0.71 0.1618 6.18 0.569
97 219 75.6 56.2 345 0.625 0.63 0.70 0.1613 6.20 0.567
92 193 73.6 55.4 346 0.550 0.57 0.69 0.1621 6.17 0.570
87 166 7.7 54.6 346 0.475 0.50 0.68 0.1646 6.08 0.579
82 140 69.8 53.8 346 0.400 0.44 0.67 0.1699 5.89 0.597
77 114 67.8 53.0 345 0.325 0.39 0.66 0.1796 5.57 0.632 ~
72 88 65.9 522 344 0.250 0.33 0.65 0.1979 5.05 0.696
67 61 63.9 51.4 342 0.175 0.28 0.64 0.2355 4.25 0.828
62 35 62 50.6 339 0.100 0.23 0.63 0.3356 2.98 1.180

EIR = EiRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficient:

Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)
- . — o i, ] ;_,

0.29861976]  0.02996076]  -0.00080125]  0.01736268/  -0.00032606]  0.00063139

0.51777196] -0.00400363]  0.00002028]  0.00696793]  0.00008290]  -0.00015467

T 0.585'2"6"2'6'81'""” GEERT T e - ]

BRFPLR

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load canditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS} + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.



Site 2413: Weather Data for Both Buildings
TMY temperature data

Temp 0:00f 1:00] 2:00| 3:00{ 4:00( 5:00{ 6:00{ 7:00] 8:00{ 9:00[ 10:00{ 11:00{ 12:00[ 13:00{ 14:00| 15:00[ 16:00[ 17:00] 18:00] 19:00 20:00] 21:00] 22:00 23:OO"On Hours
32 0 0 1 4 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
37| e} 9] 131 131 16| 15[ 18 2 1 0 0 0 0 0 0 0 0 0 0 0 0 3 5 6
421 28| 311 34| 46| 45| 44| 38| 28] 12 5 1 0 0 1 1 1 1 2 5] 6 7l 16 21 26
470 72y 77| 79| 84| 71{ 66| 70| 65 43 31 12 8 6 3 2 2 2 6 21 32 44 43 48 54
52| 1201 125] 125| 116| 127| 122] 104| 85 79 68 60 43 26 20 17 21 36 53 68 78 93| 107| 124] 127
57)| 116] 105 100| 90| 95| 106{ 112] 120 104 89 83 79 68 70 80 79 951 1087 115] 129 129] 137 127 125
62 21| 17] 121 N 9 11] 19] 58 987 102 91 77 77 83 79 84 911 111} 109 99 83 55 35 25|| 679.2857
67 2 0 1 1 1 1 3 5 20 56 74 77 72 78 84 78 83 60 38 19 9 4 5 2| 490.7143
724 of 1 0f 0o 0o of of 2 7 9] 32| 51 64 61 58 57| 37 19 9 2 0 0 0 Off 283.5714
77 0 0 0 0 0 0 0 0 1 5 10 21 31 30 28 28 15 6 0 0 0 0 0 0 125
82 0 0 0 0 0 0 0 0 0 0 2 8 13 11 11 9 4 0 0 0 0 0 0 O|f 41.42857
87| of o] o of of of of o 0 0 0 1 8 7 5 6 1 0 0 0 0 0 0 0 20
92 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 O} 0.714286
97 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1020 0f of of of o of of o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
On Hours 46.4 90{122.9/149.3}167.9] 189.3| 193.6] 189.3] 1871 165 140 961.43
Note: Total "On Hours" value has been scaled by 5/7 to account for M-F operation only
Actual temperature data by climate zone for 7/20/98 to 7/19/99, M-F only
Temp 0:00{1:0042:00] 3:00] 4:00( 5:00{ 6:00] 7:00] 8:00{ 9:00| 10:00{ 11:00| 12:00{ 13:00[ 14:00[ 15:00[ 16:00] 17:00] 18:00{ 19:00] 20:00] 21:00] 22:00] 23:00|[On Hours
32ft 4f 4 51 5[ 5| 5] 5 5]. . . . 1 2 3
37 2 3 5 5 7 8 8 3 5 1]. . . . . . . 1 1 3 3 3 2 2
424 26| 26| 29| 36| 35| 36] 27| 23 7 5 3 3 1 1 1 1 1 2 6 5 9 13 18 201
47|| 43| 45| 48] 44| 45] 39| 35 30| 28] 21| 13 6 6 5 5 6 9f 1| 18] 33] 37] 39] 42| a5]
52| 72 74] 721 68 74| 67| 63| 49 42 34 33 29 23 19 19 22 33 58 72 73 73 74 70 69
57 711 701 67| 70| 67| 66| 60| 54 51 54 56 48 47 52 56 62 68 70 68 68 64 61 65 66
62{ 33f 32| 30| 28| 24{ 36( 41] 59 62 55 44 53 54 50 57 56 53 48 43 38 46 48 46 43 591
67 5] 5] 5] 4] 4] 18] 25] 40i 49| 54| 43 37| 40 38 44] 41 28] 26| 28] 21 16 14 N 439
72 2. 4 1N 17 27 32 41 44 40 34 24 19 17 16 9 6 6 1 2 306
7718 2 6 10 15 22 27 25 23 23 19 15 7 3 2]. 1]. 187
82f. 3 5 8 7 12 16 14 9 9 7 1 1. 90
87| 3 9 6 9 6 8 6 2 3]. 49
92 4 3 6 4 2 11. 20
97{l. 1 2 1 1 1]. 6
102, . . . 1]. . 1
On Hours 97| 128| 146| 156 175| 184| 184 180 1701 150] 119 1098




EMS System Upgrade (Site 2437)
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Additional Notes

Impact Results

Install time-of-day controls on the water loop heat pumps serving the
first floors of each of three buildings. This will reduce the operating
hours of the heat pumps from nearly continuous operation to operating
only during set hours.

Impacts were developed using DOEZ2.1E simulation program based on
climate zone, building type, and HVAC system characteristics.

Impact calculations were based on the reduction of operating hours. The
baseline model was the pre-retrofit building, which had recently
installed other energy efficiency measures that the impacts are
dependent upon. Equipment efficiencies, size, quantity, and operating
characteristics were not supplied in adequate detail to evaluate the
measure.

The evaluation process consisted of reviewing the application form and
supporting documentation and conducting an on-site survey.

The on-site survey was conducted on September 21, 1999 in Walnut
Creek (Climate Zone 12) with the Chief Engineer. Pre- and post-retrofit
schedules were reconfirmed through interviews with the Chief Engineer.
Visual inspection was not feasible due to multiple tenants in the
building, so a list of quantities and model numbers for heat pumps on
the first floor was obtained from the Chief Engineer’s records. Upon
further review, the list was for the incorrect building. The correct list
was not available, and due to the disruptive nature of an on-site
inspection, the heat pumps were not visually inspected.

The engineering calculations used for the analyses were accepted as an
accurate representation of pre- and post-retrofit conditions and were
adopted as the evaluation-based impact estimates.

KW KWh Therm
MDSS 0.0 ' 147,060.94 1,137
Adjusted 0.0 147 ,060.94 1,137
Engineering
Engineering N/A 1.0 1.0
Realization Rate




EMS System Upgrade (Site 2448)

Program

Advanced Performance Options Program

Measure

Energy Management System

Site Description

Health Care/Hospital

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Additional Notes

Impact Results

Install an Energy Management System (EMS) to control all HVAC
equipment.

Impacts were developed using DOE2.1E simulation program based on
climate zone, building type, HVAC equipment, and scheduling
characteristics.

The application calculations are dependent upon several other energy
conservation measures being implemented including a lighting retrofit,
connection of humidifiers, change in rate structure, and reduction of
outside air to original design values.

The evaluation process consists of a review of the application form and
supporting documentation. The hospital is located in San Rafael
(Climate Zone 2). A telephone interview with a Building Engineer was
conducted on November 11, 1999. The contact stated that the scheduling
for the EMS has not yet been implemented and the HVAC system is
currently operating 24 hours per day, 7 days per week. Although the
scheduling is to be implemented in the future, there are no current
energy or demand impacts due to the retrofit.

KW _ KWh Therm
MDSS 66 355,177.07 79,821
Adjusted 0 0 0
Engineering
Engineering 0.00 0.00 0.00
Realization Rate




Chiller & Cooling Tower Replacement (Site 2462)

Program Retrofit Efficiency Options Program

Measure High Efficiency Water-Cooled Chiller and
Oversized Cooling Tower

Site Description School

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Replace existing water-cooled chiller with a 500-ton high-efficiency
water-cooled chiller and replace cooling tower with an oversized cooling
tower.

Tables of standard values were developed using the HBSSM simulation
program based on climate zone, chiller size, building type, chiller
efficiency, condenser water temperature, wet-bulb temperature, and
cooling tower approach temperature. Values from these tables are used
to calculate the rebate and associated impacts.

The application calculations used the correct climate zone, chiller size,
cooling tower fan horsepower, and building characteristics.

The evaluation process consists of a review of the application form and
supporting documentation, conducting an on-site survey and then
computing impacts using the on-site data.

The on-site survey was conducted on August 10, 1999 in Lemoore
(Climate Zone 13). Information on the retrofit equipment and operating
conditions was collected through an inspection of the chiller and cooling
tower and through an interview with the Plant Engineer.

Discussions provided data for development of a relationship between
chiller loading and outdoor dry bulb. The chiller is available from 7:00
am to 6:00 pm, Monday through Friday, including summer. The chiller
is brought on line at 60 degrees outside air temperature. The contact
stated that the chiller is fully loaded at approximately 112 degrees F.

Models are calibrated with actual weather, observed chiller run hours
since the installation, chiller loading under extreme outdoor temperature
conditions, chilled water temperature, and condenser water temperature.
Energy impacts are based on typical weather data. A Title 24 baseline,
nominal efficiency, and typical year bin weather data for the applicable
climate zone are used in the bin analysis. To compute the impacts, the
following assumptions were used:

e A linear loading strategy was used for the analysis of both the
baseline and rebated chillers, which assumed initial loading at 60
degrees F and 100% loading at 112 degrees F.

* Based on a water-cooled screw chiller greater than 300 tons, a
baseline Title 24 efficiency of 0.748 KW /ton was used.

e The post-retrofit cooling tower approach temperature was 5.7




Additional Notes

Impact Results

degrees F.

e The baseline for the cooling tower retrofit was assumed to be the
post-retrofit chiller with a 10-degree F approach temperature.

e The new cooling tower provides energy savings of 0.01 kW /ton for
each degree F decrease in approach temperature.

Chiller efficiencies at various temperatures were calculated from
updated default performance coefficients provided in a memo to the
California Energy Commission titled “1995 Proposed Changes to the
ACM Manual Central Plant Cooling Equipment” by Mark Hydeman.
These coefficients were used to develop a chiller efficiency curve for the
Rebate case and a Title 24 base case. Evaluation-based energy impacts
were lower and demand impacts were higher than Ex Ante estimates.
Results from these calculations are summarized below and documented
in the attached workbook.

KW KWh Therm
MDSS 82.95 240,055.98 0
Adjusted 117.07 141,639.15 0
Engineering
Engineering 1.41 0.59 N/A
Realization Rate




Site 2462: Results

Chiller & CT Impacts Savings Chiller Only Impacts Savings
Energy Demand Energy Demand Energy Demand Energy Demand
MDSS 240,056 83.055 MDSS 159,529 €86.105 .
Qc 141,639 117 -112,629 22 Q¢ 117,548 96 -134,159 -122
Realization Rate 0.59 1.41 Realization Rate 0.74 1.45
Pre-Retrofit Chiller Post-Retrofit Chiller
Nom. Eff 1 Nom. Eff 0.551
Nom. Tons 150 Nom. Tons 500
nom kw 150 nom kw 2755
. Annual Energy Annual Operating Annual
Outdoor DB Operating Hours Tons Output Efficiency Use Peak Demand QOutdoor DB Operating Hours Tons Output Efficiency | Energy Use | Peak Demand Hours per year Energy Use
Temperature (F) | per year (Actual) (kW/Ton) (kW) Temperature (F) | peryear (TMY) (kW/Ton) | (kWhiyear), (kW) (kWhiyear),
(kWhiyear) (Actual)
(TMY) (Actual)
112 0.00 150 0.970 0.00 145.47 112 0.00 500 0.534 0.00 267.19 0.00 0.00
107 34.00 138 0.960 4,493.67 13217 107 5.00 459 0.529 1.213.73 242.75 34.00 8,253.37
102 96.00 124 0.952 11,346.40 118.19 102 96.00 414 0.525 20,839.56 217.08 96.00 20,839.56
97 176.00 110 0.950 18.471.18 104.95 87 206.00 368 0.524 39,708.17 19278 176.00 33,92543
92 254.50 97 0.955 23,523.37 92.43 92 305.00 323 0.526 51,777.61 169.76 254.50 43,204.60
87 261.50 83 0.969 21,081.98 80.62 87 314.00 277 0.534 46,494.29 148.07 261.50 38,720.57
82 315.00 70 0.999 21,894.81 69.51 82 380.00 232 0.551 48,511.49 127.66 315.00 40,213.47
77 323.00 56 1.057 19,083.49 59.08 77 351.00 186 0.582 38,088.41 108.51 323.00 35,050.02
72 285.00 42 1.167 14,059.63 49.33 72 338.00 141 0.643 30,624.99 90.61 285.00 25,822.85
67 344.00 29 1.405 13,844.62 40.25 87 367.00 95 0.774 27,128.08 73.92 344.00 25,427.95
62 394.50 15 2121 12,550.08 31.81 62 415.00 50 1.168 24,248.11 58.43 394.50 23,050.31
Totals 2483.50 160,348.25 145.47 Totals 2,777.00 328,634.44 267.19 2,483.50 294,508.12
Title 24 Baseline Chiller Post-Retrofit Chiller w/ Coolong Tower
Nom. Eff 0.748 Nom. Eff 0.551
Nom. Tons 500 Nom. Tons 500
nom kw 374.043 nom kw 275.5
Annual Energy Annual Operating Annual
Outdoor DB Operating Hours Tons Output Efficiency Use Peak Demand Outdoor DB Operating Hours Tons Output Efficiency | Energy Use | Peak Demand Hours per year Energy Use
Temperature (F) | per year (TMY) (kw/Ton) (kW) Temperature (F) | per year (TMY) (kW/Ton) | (kWhiyear), (kW) (kWh/year),
{kWhlyear) amMy (Actual) (Actual)
112 0.00 500 0.728 0.00 382.76 112 0.00 500 0.491 0.00 24589 0.00 0.00
107 5.00 459 0.718 1,647.87 329.57 107 5.00 459 0.486 1,115.03 223.01 34.00 7,562.18
102 96.00 414 0.713 28,293.58 284.72 102 96.00 414 0.482 19,132.07 199.28 96.00 19,132.07
97 206.00 368 0.711 53,911.24 261.71 97 206.00 368 0.481 36,446.82 176.93 176.00 31,139.03
92 305.00 323 0.714 70,297.75 230.48 92 305.00 323 0.483 47,545.05 155.89 254 50 39,672.83
87 314.00 277 0.725 63,124.66 201.03 87 314.00 277 0.491 42,750.56 136.15 261.50 35,602.77
82 380.00 232 0.748 65,863.38 173.32 82 380.00 232 0.508 44.723.58 117.89 315.00 37,073.49
77 351.00 186 0.791 51.712.11 147.33 77 351.00 186 0.539 35,275.62 100.50 323.00 32,461.61
72 338.00 141 0.873 41,579.13 123.02 72° 338.00 141 0.600 28,577.02 84.55 285.00 24,096.01
67 367.00 95 1.051 36,831.41 100.36 67 367.00 95 0.731 25621.71 69.81 344.00 24,015.99
62 415.00 50 1.587 32,821.32 78.33 62 415.00 50 1.126 23.355.86 56.28 384.50 22,202.13
Totals 2,777.00 446,182.45 362.76 Totals 2,777.00 0.00 304,543.30 245.69 2,483.50 272,978.11




Site 2462: Inputs to Model

Parameter Value Reported{ Units of Parameter Notes
City Lemoore
Climate Zone 13
Pre-Retrofit Nominal Chiller Capacity 160 Tons Application
Pre-Retrofit Nominal Chiller Efficiency 1 kWiton Assumed Value
Pre-Retrofit Cooling Tower Approach Temperature 10 F Assumed Value
Post-Retrofit Nominal Chilier Capacity 500 Tons Appiication
Post-Retrofit Nominal Chiller Efficiency 0.551 kVy/iton From Chiller Rating Sheet
Post-Retrofit Chilier Max kW 282 kW From York Manual
Post-Retrofit Cooling Tower Approach Temperature 57 F Application
Baseline Chiller Efficiency 0.748 kWiton Title 24 Nominal Efficiency for Chiller > 300 Tons
Chiller AM Lockout 7:00 AM Contact provided schedule; Chiller is on Manual Operation
Chiller PM Lockout 6:00 PM Contact provided schedule; Chiller is on Manual Operation
Chiller Startup OSA Temperature 60 F Contact provided estimate
Chiller Max Load OSA Temperature 112 F Contact provided estimate
Chilled Water Supply Temperature Setpoint 50 F Contact provided setpoints; Chiller is on Manual Operation
Condenser Water Temperature 90 F Contact provided setpoints; Chiller is on Manual Operation
Date of Chiller Installation 8/15/98 Contact provided estimate
Date at Run Hour Reading 8/10/99 Chiller Log
Number of Days Chiller Operated 247 days (M-F Only = ((Read Date - Install Date) * 5/7) - 10 Holidays
Run Hours for New Chiller 2324 hours Documented from Chiller Log
Average Hours per Year of Chiller Operation 2451.62 Hours/Year (M-F Only)| = (Run Hours for New Chiller / Number of Days Chiller Operated) * 365 Days/Year * 5/7|
Predicted Run Hours Since Insfall Using Actual Weather & Setpoints 2442.00 hours Based on setpoints and actual weather data; See Weather Data Spreadsheet for Detailg
Predicted Hours per Year Using Actual Weather Data & Setpoints 2483.50 Hours/Year (M-F Only)| Based on setpoints and actual weather data; See Weather Data Spreadsheet for Detailg|




Site 2462: Post-Retrofit Chiller

Centrifugal Chiller (Water-Source) a b ¢ d e f N
Capacity Correction (Tout, Tin) I 029861976 | 0.02996076 0.00080125 | 001736268 ]  -0.00032606 0.00063139
Part Load Efficiency (PLR) ! 0.17149273 0.58820208 0.23737257] - - N
Temp Efficiency (Tout, Tin) { 051777196 -0.00400363]  0.00002028 0.00698793 0.00008290, -0.00015467
Nom. Eff 0.551
Nom. Tons 500
nom kw 275.5
Current Data Calculated Values Efficiency
Qutdoor
Part Load Ambient
T DB Tons Output Condenser Supply temp) Currer_1t Pan L.oad Adjustment Adjustment EIR CoP kw/Ton
emperat Temp Capacity Ratio
ure to EIR to EIR
112 500 90 50 480 1.000 1.00 0.97 0.1520 6.58 0.534
107 459 89 49.5 483 0.918 0.91 0.97 0.1504 6.65 0.529
102 a14 88 49 486 0.827 0.82 0.96 0.1483 6.70 0.525
97 368 87 48.5 488 0.736 0.73 0.95 0.1489 6.72 0.524
92 323 86 48 491 0.645 0.65 0.95 0.1496 6.68 0.526
87 277 85 47.5 493 0.555 0.57 0.94 0.1519 6.58 0.534
82 232 84 47 495 0.464 0.50 0.94 0.1566 6.38 0.551
77 186 83 46.5 497 0.373 0.42 0.93 0.1656 6.04 0.582
72 141 82 46 499 0.282 0.36 0.92 0.1829 5.47 0.643
67 95 81 455 500 0.191 0.29 0.92 0.2202 4.54 0.774
62 50 80 45 501 0.100 0.23 0.91 0.3324 3.0 1.169

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefﬁcuems - Electnc Water-CooIed Chillers (source Mark Hydeman October 2, 1997 Proosed Changes to the ACM Manual -- Central Plant Cooling Equipment)

1CAPF1' -0.29861976 0.02996076; -0.00080125| 0. 0|7]6268 -0.00032606; 0.0006]l39(

{EIRFT 0.51777196] _ -0.00400363 0.00002028 0.00698793  0.00008290]  -0.00015467;
BIRFPLR oo b O 1T199273] | 0.58820208 023137257 G AURTR P

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR=A + (B x PLR) + (Cx PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.



Site 2462:

Baseline Chiller

Centrifugal Chitler (Water-Source) a b d e f
Capacity Correction (Tout, Tin) | 029861976 | 0.02096076 | -0.00080125 | 001736268 | -0.00032606 | 000063139
Part Load Efficiency (PLR) : 0.17149273 o.sxszozoxf 023737257 -
Temp Efficiency (Tout, Tin) : 0.51777196, _ -0.00400363 0.00002028] 0.00698793 0.00008290 -0.00015467
Nom. Eff 0.748
Nom. Tons 500
nom kw 374.042553
Current Data Calculated Values Efficiency
Outdoor
Part Load Ambient
T DB Tons Output Condenser Supply temp; Curre:tnt Part L.oad Adjustment Adjustment EIR CoP kW/Ton
emperat Temp Capacity Ratio
ure to EIR to EIR
112 500 90 50 480 1.000 1.00 097 0.2063 4.85 0.726
107 459 89 49.5 483 0.918 0.91 097 0.2042 4.90 0.718
102 414 88 49 486 0.827 0.82 0.96 0.2027 4.93 0.713
97 368 87 48.5 488 0.736 073 0.95 0.2022 4.95 0.711
92 323 86 48 491 0.645 0.65 0.95 0.2031 4.92 0.714
87 277 85 47.5 493 0.555 0.57 0.94 0.2062 4.85 0.725
82 232 84 47 495 0.464 0.50 0.94 0.2127 4.70 0.748
77 186 83 46.5 497 0.373 0.42 0.93 0.2248 4.45 0.791
72 141 82 46 499 0.282 0.36 0.92 0.2483 4.03 0.873
67 95 81 455 500 0.191 0.29 0.92 0.2930 3.34 1.051
62 50 80 45 501 0.100 0.23 091 0.4512 2.22 1.587

EIR = EIRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients — Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual - Central Plant Cooling Equipment)

CAPFT |

0.00063139,

-0.29861976) 0.02996076| -0.00080125 001736268, -0.0003 2606!
EIRFT 0.51777196  -0.00400363 000002028 0.00698793 000008290 -0.00015467
EREPLR e b Amasnslossmpozed] ommmas] 4

CAP-FT = A + (B x CHWS} + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations:'ASHRAE/lES Standard 90.1-1989 User's Manual - November 1992.



Site 2462: Pre-Retrofit Chiller

Centrifugal Chiller (Water-Source) a 8. )
Capacity Correction (Tout, Tin) " 020861976 . 80125 017362 -0 00
| Part Load Efficiency (PLR) . 0.17149273) 0.58820208 0.23737257 5 E
‘ Temp Efficiency (Tout, Tin) i 0.51777196;  -0.00400363 0.00002028 0.00698793{ 0.00008290; -0.00015467;
| Nom:. Eff 1
Nom. Tons 150
| nom kw 150
Current Data Calculated Values Efficiency
Qutdoor
Part Load Ambient
! T b8 Tons Output Condenser Supply tempi Currer‘u Part L.oad Adjustment  Adjustment EIR COoP kW/Ton
emperat Temp Capacity Ratio
| ure to EIR to EIR
‘ 112 150 90 50 144 1.000 1.00 0.97 0.2758 3.63 0.970
‘ 107 138 89 49.5 145 0.918 0.91 0.97 0.2729 3.66 0.960
| 102 124 88 49 146 0.827 0.82 0.96 0.2709 3.69 0.952
: 97 110 87 48.5 146 0.736 0.73 0.95 0.2702 3.70 0.950
| 92 97 86 48 147 0.645 0.65 0.95 0.2715 3.68 0.955
; 87 83 85 47.5 148 0.555 0.57 0.94 0.2757 3.63 0.969
| 82 70 84 47 149 0.464 0.50 0.94 0.2843 3.52 0.999
| 77 56 83 46.5 149 0.373 0.42 0.93 0.3006 3.33 1.057
72 42 82 46 150 0.282 0.36 0.92 0.3319 3.01 1.167
67 29 81 455 150 0.191 0.29 0.92 0.3997 2.50 1.405
62 15 80 45 150 0.100 0.23 0.91 0.6032 1.66 2121

)
EIR = EiRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefﬁments - Electric Water—Cooled Chillers source Mark H deman October 2, 1997 Proosed Changes to the ACM Manual - Central Plant Cooling Equipment)

CAPFT -0.29861976: 0.02996076] -0.00080125] 0.01736268) -0.00032606; 0.000631 39J!

ERFT 0.51777196]  -0.00400363 0.00002028 0.00698793|  0.00008290,  -0.00015467,
ERFPLR b oamaeml o osswoes]  ommmsy A4

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR=A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A+ (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manua! - November 1992.



Site 2462: Weather Data

TMY temperature data for climate zone 13
— —
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Chiller Replacement (Site 2463)

Program

Retrofit Efficiency Options Program

Measure

High Efficiency Water-Cooled Chiller

Site Description

Office

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Replace existing water-cooled chiller with a 164-ton high-efficiency
water-cooled chiller.

Tables of standard values were developed using the HBSSM simulation
program based on climate zone, chiller size, building type, chiller
efficiency, and condenser water temperature. Values from these tables
are used to calculate the rebate and associated impacts.

The application calculations used the correct climate zone, chiller size
and building characteristics.

The evaluation process consists of a review of the application form and
supporting documentation, conducting an on-site survey and then
computing impacts using the on-site data.

The on-site survey was conducted on August 9, 1999 in Bakersfield
(Climate Zone 13). Information on the retrofit equipment and operating
conditions was collected through an inspection of the chillers and
through an interview with the Air Conditioning and Plumbing Lead
Worker.

Discussions provided data for development of a relationship between
chiller loading and outdoor dry bulb. The chiller is available from 6:00
am to 10:00 pm, Monday through Friday. The chiller is available on
weekends from 8:00 am to 4:00 pm. The chiller is brought on line at 70
degrees F outside air temperature. The contact stated that the chiller is
fully loaded at approximately 105 degrees F.

Models are calibrated with actual weather, observed chiller run hours
since the installation, chiller loading under extreme outdoor temperature
conditions, chilled water temperature, and condenser water temperature.
Energy impacts are based on typical weather data. A Title 24 baseline,
nominal efficiency, and typical year bin weather data for the applicable
climate zone are used in the bin analysis. To compute the impacts, the
following assumptions were used:
* A linear loading strategy was used for the analysis of both the
baseline and rebated chillers, which assumed initial loading at 70
degrees F and 100% loading at 105 degrees F.

¢ The minimum operating load for the chiller is 25%.

e Based on a water-cooled screw chiller between 150 and 300 tons, a
baseline Title 24 efficiency of 0.837 KW /ton was used.




Additional Notes

Impact Results

Chiller efficiencies at various temperatures were calculated from
updated default performance coefficients provided in a memo to the
California Energy Commission titled “1995 Proposed Changes to the
ACM Manual Central Plant Cooling Equipment” by Mark Hydeman.
These coefficients were used to develop a chiller efficiency curve for the
Rebate case and a Title 24 base case. Evaluation-based energy and
demand impacts were slightly higher than Ex Ante estimates. The
discrepancy is most likely due to the actual operating hours of the
facility. Results from these calculations are summarized below and
documented in the attached workbook.

KW KWh Therm
MDSS 27.13 49,917.75 0
Adjusted 36 59,870 0
Engineering
Engineering 1.33 1.20 N/A
Realization Rate




Site 2463: Results

Post-Retrofit Chiller

Energy Demand
Savings Impact Savings impact
MDSS 49,918 27.132
QcC 41,928 59,870 46 36
Realization Rate 1.20 133
Title 24 Baseline Chiller
Nom. Eff 0.837
Nom. Tons 164
nom kw 137.291
Operating 5
Outdoor DB Hours per | Tons Output Efficiency | Annual Energy| Peak Demand
Temperature (F) year (TMY) (kWrTon)  |Use (kWhiyear) (kW)
107 0.00 164 0.7 0.00 122.36
102 45.00 146 0.74 4,871.44 108.25
97 146.00 129 0.74 13,934.41 95.44
92 294.00 11 0.75 24,667.76 83.90
87 447.00 94 0.79 32,914.10 73.63
82 702.00 76 0.85 45,365.31 64.62
77 697.00 59 0.97 39,638.07 56.87
72 822.00 41 1.23 41,406.47 50.37
Totals 3,153.00 202,797.57 122.36

Nom. Eff 0.5¢
Nom. Tons 164
nom kw 96.76
. Annual . Annual Energy.
Outdoor DB Sgs::t:;gr Tons Output Efficiency | Energy Use | Peak Demand Hogfse;?rmygear Use
Temperature (F) year (TMY) (kW/Ton) | (kWhiyear), (kW) (Actual) {(KkWh/year),
TMY) {Actual)
107 0.00 164 0.53 0.00 86.23 5.00 431.17
102 45.00 146 0.52 3,433.29 76.30 51.00 3,891.06
97 146.00 129 0.52 9,820.67 67.26 93.00 6,255.63
92 294.00 111 0.53 17,385.30 59.13 135.00 7.983.05
87 447.00 94 055 23,197.14 51.90 244.00 12,662.42
82 702.00 76 0.60 31,972.48 4554 326.00 14,847.62
77 697.00 59 0.68 27,936.05 40.08 418.00 16,753.61
72 822.00 41 0.87 29,182.37 35.50 439.00 15,585.23
Totals 3,108.00 142,927.30 86.23 1,711.00 78,409.78
Pre-Retrofit Chiller
Nom. Eff 0.9
Nom. Tons 165
nom kw 148.5
Operating . Annual
Te%u;:;LrDeB(F) Hours per | Tons Qutput (E:\;c;gg Energy Use PeaI}Evs)mand
year (Actual) (kWh/year)
107 5.00 165 0.80 661.72 132.34
102 51.00 147 0.79 5971.70 117.09
97 93.00 130 0.80 9.600.67 103.23
92 135.00 112 0.81 12,251.78 90.75
87 244.00 94 0.84 19,433.33 79.64
82 326.00 77 0.91 22,787.01 69.90
77 418.00 59 1.04 25,712.19 61.51
72 439.00 41 1.32 23,919.05 54.49
Totals 1711.00 120,337.47 132.34




Site 2463: Inputs to Model

Parameter Value Reported| Units of Parameter Notes
City Bakersfield
Climate Zone 12 Beimont
Pre-Retrofit Nomina! Chiller Capacity 165 Tons Contact provided estimate
Pre-Retrofit Nominal Chiller Efficiency 0.9 kW/ton Contact provided estimate
Post-Retrofit Nominal Chiller Capacity 164 Tons Application
Post-Retrofit Nominal Chiller Efficiency 0.59 kWi/ton From Chiller Rating Sheet
Baseline Chiller Efficiency 0.837 kWiton Title 24 Nominal Efficiency for Chiller > 300 Tons
Chiller AM Lockout 6:00 AM M-F
Chiller AM Lockout 8:00 AM Sat, Sun
Chiller PM Lockout 10:00 PM M-F
Chiller PM Lockout 4:00 PM Sat, Sun
Chiller Startup OSA Temperature 70 F Contact provided estimate
Chiller Max Load OSA Temperature 105 F Contact provided estimate
Chilled Water Supply Temperature Setpoint 44 F Contact proviced setpoints
Condenser Water Temperature Setpoint 85 F Contact provided setpoints
Date of Chiller installation 9/10/97 Contact provided estimate
Date at Run Hour Reading 8/9/99 Chiller Log
Number of Days Chiller Operated 698 days = Read Date - Install Date
Run Hours for New Chiller 2823 hours Documented from Chiller Log
Average Hours per Year of Chiller Operation 1476.21 = (Run Hours for New Chiller / Number of Days Chiller Operated) * 365 Days/Year
Predicted Run Hours Since Install Using Actual Weather & Setpoints 3077.00 hours Based on setpoints and actual weather data, See Weather Data Spreadsheet for Detailg
Predicted Hours per Year Using Actual Weather Data & Setpoints 1711.00 Hours/Year Based on setpoints and actual weather data; See Weather Data Spreadsheet for Detailg|




Site 2463; Post-Retrofit Chiller

Outdoor

DB

Temperat
ure

107

102

97

92

87

82

77

72

Screw Chiller (Water-Source) a oo
Capacity Correction (Tout, Tin)

0.58531422

1539593

i

Part Load Efficiency (PLR) L omommn omssasl  osoeem 1 L

Temp Efficiency (Tout, Tin) i 0.66625403 0.00068584 0.00028498 000341677, 0.00025484 -0.00048195|

Nom. Eff 0.59

Nom. Tons 164

nom kw 96.76

Current Data Calculated Values Efficiency
Part Load Ambient
Tons Output Co;::]nser Supply temp CCaur;irilt Pa:alt.ic;ad Adjustment Adjustment EIR COP kW/Ton
P pacly to EIR to EIR

164 85 54.5 196 1.000 1.03 0.87 0.1496 6.69 0.526
146 84 53 192 0.893 0.91 0.87 0.1482 6.75 0.521
129 83 51.5 189 0.786 0.80 0.87 0.1485 6.74 0.522
111 82 50 185 0.679 0.70 0.87 0.1511 6.62 0.531
94 81 48.5 181 0.571 0.62 0.87 0.1575 6.35 0.554
76 80 a7 177 0.464 0.54 0.87 0.1701 5.88 0.598
59 79 45.5 174 0.357 0.47 0.88 0.1946 5.14 0.684
41 78 44 170 0.250 0.42 0.88 0.2463 4.06 0.866

EIR =-ElRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients —

i 0.58531422,

0.01539593,

CAPFT ! 0.00007296 -0.00212462] -0.00004597,
EIRFT 0.66625403 0.00068584) 0.00028498| -0.00341677 0.00025484) -0.00048195
EIRFPLR 0.33018833 0.23554291 0.46070828; - -

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)

This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR=A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)

Electric Water—CooIed Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -

Central Plant Cooling Equipment)

This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual -

November 1992.




Site 2463: Baseline Chiller

Screw Chiller (Water-Source) a b f

Capacity Correction (Tout, Tin) 058531422 001539593 | 000007296 | -0.00212462 | -0.00000715 |  -0.00004597 |

Part Load Efficiency (PLR) 0.33018833 0.23554291 0.46070828) - -

Temp Efficiency (Tout, Tin) 066625403, 000068584 000028498 000341677 000025484  -0.00048195

Nom. Eff 0.837

Nom. Tons 164

nom kw 137.291429

Current Data Calculated Values Efficiency
Outdoor :
Part Load Ambient
bB Tons Output Condenser Supply temp Currer.wt Part L_oad Adjustment Adjustment EIR coP kW/Ton
Temperat Temp Capacity Ratio
ure . to EIR to EIR
107 164 85 54.5 196 1.000 1.03 0.87 0.2122 4.71 0.746
102 146 84 53 192 0.893 0.91 0.87 0.2103 476 0.739

97 129 83 51.5 189 0.786 0.80 0.87 0.2107 475 0.741
92 111 82 50 185 0.679 0.70 0.87 0.2144 4.66 0.754
87 94 81 48.5 181 0.571 0.62 0.87 0.2235 4.47 0.786
82 76 80 47 177 0.464 0.54 0.87 0.2414 4.14 0.849
77 59 79 455 174 0.357 0.47 0.88 0.2762 3.62 0.971
72 41 78 44 170 0.250 0.42 0.88 0.3494 2.86 1.229

EIR = EIRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Piant Coefficients - Electric Water-Cooled Chillers (source Mark Hydeman October 2 1997 Proposed Changes to the ACM Manual - Central Plant Cooling Equipment)

CAPFT 0.58531422 00!539593 0.00007296] 0002]2462 -0 _ -0 597
EIRFT 0.66625403 0.00068584] 0.00028498 -0. 0034lb77 0.00025484; -0.00048195;
EIRFPLR 0.33018833 0.23554291 0.46070828| - E -

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR=A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT =A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

November 1992,

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual -




Site 2463

Outdoor

DB

Temperat
ure

107

102

97

92

87

82

77

72

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Pre-Retrofit Chiller

Screw Chiller (Water-Source) a b d e

Capacity Correction (Tout, Tin) 058531422 | 001539593 | 000007206 | -0.00212462 | -0.000007(5 | -0.00004557

Part Load Efficiency (PLR) 033018833 023554291 046070828 O N

Temp Efficiency (Tout, Tin) 066625403 000068584 0.00028498]  -000341677 000025483  -0.00048155

Nom. Eff 0.9

Nom. Tons 165

nom kw 148.5

Current Data Calculated Values Efficiency
Part Load Ambient
Tons Output Cog:;nser Supply temp CCa urrept Pa’;t lt._oad Adjustment Adjustment EIR COP kW/Ton
P pacity atio to EIR to EIR

165 85 54.5 197 1.000 1.03 0.87 0.2281 4.38 0.802
147 84 53 193 0.893 0.91 0.87 0.2261 4.42 0.795
130 83 515 180 0.786 0.80 0.87 0.2265 442 0.796
112 82 50 186 0.679 0.70 0.87 0.2305 4,34 0.811
94 81 48.5 182 0.571 0.62 0.87 0.2403 4.16 0.845
77 80 47 178 0.464 0.54 0.87 0.2595 3.85 0.912
59 79 455 175 0.357 047 0.88 0.2969 3.37 1.044
41. 78 44 171 0.250 0.42 0.88 0.3757 2.66 1.321

Chiller Plant Coeff cnents — Electnc Water—Cooled Chillers (source Mark H deman October 2, 1997 Proposed Changes to the ACM Manual --

lc_AgFr 0.58531422]  0.01539593 0.00007296 0, 00212462 -0.00000715] —-0.00004597
{EIRFT 066625403  0.00068584 0.00028498 -0.00341677 000025484 -0.00048195
[ERFPLR 033018833 0.23554291 0.46070828 ] ¥ ]

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)

This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.

Central Plant Cooling Equipment)




Site 2463: Weekday Weather Data
TMY temperature data for climate zone 13
Temp 0:00]1:00] 2:00[ 3:00] 4:00] 5:00| 6:00] 7:00] 8:00]| 9:00{ 10:00| 11:00] 12:00] 13:00| 14:00| 15:00] 16:00]17:00]18:00{ 19:00|20:00]21:00{22:00{23:00[{On Hours

‘ 22§ . . . . . . .

27]. . . 3 3 3 6]. . . . . . . . . . . . . . . . .

32 9 8f 12| 13| 14| 15} 6] 11]. . . . . . . . . . . . . 2 4 7
37 20] 27§ 311 34] 36| 37| 34| 24| 16 7]. . . . . . . . . 4 10 15 15 15
42 54] 61| 64 62| 61) 60| 59 46| 47| 31 18 7 4 4 1 2 3 10 21 26 29 N 44 51
47| 75| 67] 70] 76{ 73{ 62 55] 54| 39 37 37 30 19 13 15 17 25 32 40 39 49 58 63 70
52| 72| 78{ 85| 85 80| B7{ 59| 49| 49| 52 42 35 31 35 36 31 36 45 52 62 65 76 (72 67
57t 83| 78| 67| 61 68| 60| 71| 551 43| 36 48 51 45 43 41 42 45 50 48 55 65 61 80 88

62| 33] 27| 22| 22| 22} 31{ 42] 69] 48] 35 32 35 46 49 46 44 43 36 50 54 62 72 56 44 1
67y 14] 15] 12 9 8 8] 17| 32| 64| 52 37 36 31 26 27 28 37 42 40 59 50 29 19 15 !

72 5| 4] 2|. | 2] 5| 18] 37| 57| 44| 36| 30| 33| 34] 37 32 32| 49| 33| 20f 7] 10| ® 514

7z N O O 1| 7| 14| 36] 52| 47| 3a] 32| 31| 25 33| 48] 28| 21| 14| 3| 2|. 426

2 . . | . | . I 8] 14| 33| 46| s8] a6| a3| a7 47| 31| 22| 10 1 il. ) 407 |

a7 1. 1. I I I I I 8] 15| 24| 32| 40| 39| 35 28| 22] 9| 2| . ] ] 254

CF1 | O T O O O O O R B 7| 14| 21| 25| 27| 35 22| 9] 5. 165 |

ol 1. 1. . & . | I~ I [ I a| 14| 15] 19| 13 9 6 1] . . . . B1 |

7] N O O O O O O O A . . 3 6| o 5 2. . ; . ] . 26 |

o 1 I - I & 1 I I I I ] . ; . . . . . . : . ; } 0 ‘
On Hours 6] 25] 59] 115] 151] 171] 189] 195] 169] 201] 176] t50] 114] 66] 35] 21 1337.86) ‘

Actual temperature by hour from 09/10/97 to 08/09/99
rFTemp 0:00} 1:00{2:00}3:00]4:00] 5:006:00] 7:00] 8:00] 9:00] 10:00] 11:00] 12:00] 13:00{ 14:00] 15:00} 16:00]17:00]18:00] 19:00{20:00]21:00]22:00]23:00{[On Hours
22. . . . . . 1 1]. . . . . . . . . . . . . . . . w

27 2 2 2 2 2 3 2 2 2]. . . . . . . . . . - . . 2 3

32 3 5 4 6 8] 10 9 7 2 4 1]. . . . . . . . | 2 4 2 2

37]| 6] 19] 21} 24 24} 25| 22| 20| 16 7 8 8 4 2 2 2 3 4 7 8 8 6 8 11

421l 26] 24| 31} 31| 29} 29| 32| 26] 22} 16 7 2 4 5 3 3 4 5 4 6 13 18 22 29

47)| 42] 391 36] 411 46| 40] 34| 34| 31| 30 24 18 8 9 8 8 10 14 22 25 31 34 41 40

52) 38| 48| 51| 51 49| 52| 42| 31| 39} 38 35 28 29 23 18 19 25 30 36 46 43 41 34 36

57) 62| 60| 58] 53 58| 52| 55{ 37| 19] 25 30 39 44 42 45 45 39 42 41 33 33 44 53 54

62| 28] 28| 28| 26| 18] 23| 32{ 56| 47| 25 23 27 23 26 28 28 30 26 18 32 43 47 45 39

67| 18] 13 9 8 7 6 9 16{ 41| 44 N 13 17 18 20 19 16 15 33 37 34 25 23 20

72 8 8 9 7l 121 13 9 11| 11} 32 41 39 28 22 19 15 21 31 30 25 19 14 9 8 367

77 9 7 5 5 2 2 8] 10 13| 1 27 33 35 31 26 33 28 26 20 16 12 11 9 11 340

82 4 3 2 2 1 1 1 4 9 1 5 21 25 19 31 27 29 21 19 10 8 7 3 258

87]|. . . . . . . 1 3] 11 14 10 16 22 24 23 21 17 7 6 10 4 1. 189

92{l. . . . . . . . 1 2 9 12 9 8 12 12 9 9 8 11]. . . . 102

97} . . . . . . . . . 1 5 11 1 10 " 12 7 4. - . . . 79

102]. . . . . . . . . . . 1 3 7 9 10 7 9|. . . . . . 46

107l . . . . . . - . . . - . 1 1 1 2] . . . . . . 5
On Hours 18] 26] 37 67 971 121 127{ 31| 132} 132 129] 120 95 68 49 37 1386.00

Actual temperature by hour from 09/10/97 1o 08/09/99

% 0:00] 1:00]2:00( 3:00]4:00{5:00} 6:00) 7:00} 8:00] 9:00] 10:00| 11:00[ 12:00] 13:00| 14:00) 15:00} 16:00]17:00]18:00]19:00]20:00]21:00{22:00}23:00[{On Hours

224 . . . . . ! 1}. . . . . . . . . . . . . . . .

27 2 2 2 2 2 3 2 2 2]. . . . . . . . . . - . . 2 3
32 3 5 8] 101 11| 10 9 2 4 14 . . . . . . . 1 2 4 2 2
37 19] 24} 28| 30f 33{ 36] 35| 28] 23 9 8 8 4 2 2 2 3 4 7 8 9 7 12 15
42|t 47| 47| 57| 63} 59| 58] 58] 49} 371 23 12 4 6 5 3 3 4 5 6 10 20 27 29 43
47(| 83] 79| 73] 77| 80f 79| 69| 63| 58| 60 45 34 19 18 17 17 23 30 43 49 58 68 78 83
52)| 84| 10t} 108] 110| 111] 11t} tOO| 82} 79| 83 82 64 60 53 44 48 54 68 81 92 90 85 84 80

57) 120 16| 114] 107| 112} 103] 98| 78| 65| 44 52 77 85 83 85 86 81 75 69 67 73 91| 102] 110
62l 58] 54| 47] 44] 40| 47] 60| 92| 76| 66 55 49 44 53 60 55 54 56 50 68 85 87 79 73

67(| 34} 26| 25{ 24| 17| 12 22| 35| 76| 74 56 39 41 37 38 37 33 35 64 68 59 48 49 38

72)| 174 6] 17f 13| 18| 21| 18] 20] 22| 60 73 64 52 44 39 34 47 58 50 47 38 30 21 17 696
7710 12 11 7 5 2 3] 1} 17{ 24] 21 48 62 62 55 48 58 48 47 38 31 22 20 16 16 612
82 6 4 2 2 1 1 1 8] 13| 20 14 36 47 53 32 46 50 38 36 17 15 12 8 5 458
87|i. . . . . . . 1 6| 17 22 17 26 35 43 43 40 29 13 12 12 5 3] 321
92]. . . . . . . . 2 3 14 20 17 15 21 20 13 15 12 13 2 1. . 168
97] . . - . . . . . 1 K] 9 16 19 17 18 19 10 14 2. . . . 128
102} . . . . . . . . . . 2 5 1 14 15 12 13 1] . . . . 73
107{. . . . . . . . . . . . 1 2 2 3 4 2 1] - . . . 15

On Hours 30| 46| 67]122] 174] 210| 226 234 236] 237 2331 212| 65| 122 8% 68 2471.00




Site 2463: Weekend Weather Data
TMY temperature data for climate zone 13

Temp 0:00]1:00]2:00( 3:00{ 4:00] 5:00} 6:00] 7:00] 8:00] 9:00[ 10:00] 11:00| 12:00] 13:00{ 14:00] 15:00{ 16:00{17:00]18:00{19:00]}20:00}21:00]22:00]23:00{(On Hours
22, . . . .
27}t . . 3 3 3 61, . . .
32 El 8| 12| 13| 14| 5{( 16 11]. . . . 2 4 7
37| 20] 27] 31| 34y 36f 37| 34| 24} 16 7]. . . . . . . . . 4 10 15 15 15
421l 54| 61| 64] 62| 61| 60] 59| 46] 47| 31 18 7 4 4 1 2 3 10 21 26 29 31 44 51
47t 75| 67} 70| 76| 73| 62| 55{ 54| 39| 37 37 30 19 13 15 17 25 32 40 39 49 58 63 70
52| 72| 78} 85} 85] 80| 87f 59| 49| 49] 52 42 33 31 35 36 31 36 45 52 62 65 76 72 67
57|y 83] 78] 67| 61| 68] 60| 71| 55| 43| 36 48 51 45 43 41 42 45 50 48 55 65 61 80 88
62() 33] 27 221 22} 22| 31| 42| 69| 48| 35 32 35 46 49 46 44 43 36 50 54 62 72 56 44
671 14| 15| 12 9 8 8] 17) 32| 64| 52 37 36 3 26 27 28 37 42 40 59 50 29 19 15
72 5 4 2. 2 5| 18] 37| 57 44 36 30 33 34 37 32 32 49 33 20 17 10 8 308
774 1 7] 14| 36 52 47 34 32 31 25 33 48 28 21 14 3 2]. 271
82| 8] 14 33 46 58 46 43 47 47 31 22 10 1 11. 295
87]. 8] 15| 24] 32{ 40 39| 35 28] 22 9 2|. 193
92. 7 14 21 25 27 35 22 9 5]. 129
97H. 4 14 15 19 13 9 6 1]. 65
102{. 4 6 9 5 2|. 19
107]. . . . . 0
On Hours 59] 115] 151) 71| 189] 195] 199] 201 365.71
Actual temperature by hour from 09/01/98 to 08/31/99
FTemp 0:00] 1:00] 2:00] 3:00] 4:00} 5.00] 6:00] 7:00| 8:00| 9:00] 10:00{ 11:00] 12:00] 13:00] 14:00| 15:00{ 16:00]17:00]18:00]19:00(20:00{21:00]22:00}23:00{|On Hours
22].
27§. . . . . . . . . .
32 3 2 1 1 1 3 4 5 2]. . . . . . . . . 1 2 2
37 5 9] 10] 11| 12} n 8 5 8 6 2 2 2 2 1]. . 2 3 4 6 5 6 6
2 n 8] 12| 1] 1] o N1 9] 4] 6 9 4 3 3 3 4 4 3 2 4 3 6 S 6
47|| 17{ 18] 191 19| 18} 19 19] 16| 14} N 6 9 7 3 4 5 4 7 8 11 14 15 16 17
52 21| 23| 21| 25| 25} 22| 20| 20f 19| 117 13 10 10 12 10 10 13 14 18 16 16 17 20 22
57f 20| 19] 20| 18] 22| 22{ 18] 10| 14f 11 17 17 14 16 14 13 14 15 17 17 14 19 19 19
62(F 131 11 11 9 70 10| 13] 20 91 12 9 10 15 12 i5 13 15 12 8 13 18 17 13 14
67 7 8 7 6 5 4 6 81 17| 112 11 7 5 7 7 9 5 4 1 12 10 8 11 9
72 5 4 2 2 2 3 3 6 7] 15 10 10 11 7 6 6 8 13 9 7 10 6 6 3 72
77| 2 2 1 1 1]. 2 4 6 5 14 13 10 10 9 11 9 6 9 8 5 5 4 4 78
82j. 1 3 8 5 " 11 10 11 9 8 12 8 4 4 3 1 2 68
87]. 1 1 7 7 9 10 10 10 10 4 3 5 3 1 11. 55
92{]. - 1 3 5 8 9 7 7 6 7 2 1 1]. 33
97]l. - 1 2 3 4 4 4 5]. 1]. 14
102]. 1 1 3 3 1 1. . 5
107§. - . . . . . . . 0|
On Hours 17 29| 37] 45| 48] 49] 50] 50 325.00
Actual temperature by hour from 08/10/98 to 08/09/99
Fl'emp 0:00{1:00}2:00} 3:00] 4:00] 5:00] 6:00]7:00{ 8:00] 9:00] 10:00( 11:00{12:00] 13:00] 14:00] 15:00] 16:00{17:00]18:00]19:00{20:00]21:00|22:00]23:00}{On Hours
22|l .
27| . . . . . 11. . . . .
32 k] 2 2 1 2 4 4 6 3. . . . . . . . . . i 2 2
37 8] 121 3] 15[ 14| 14] 12 8] 10 8 3 2 2 2 1. . 2 3 4 6 5 7 7
42 16| 18] 19/ 19| 22{ 18] 17| 14 7 8 10 5 4 4 4 5 5 5 3 7 7 11 11 13
47| 37| 37| 40| 44] 42| 44| 42| 34| 30] 20 13 12 10 4 5 7 6 11 19 20 28 28 32 34
52 46| 46| 46] 47| 47| 44| 44| 42| 38| 42 36 30 25 27 26 23 28 29 37 38 36 39 41 43
s7[ 37] 36] 38] 37] 41| 42] 30f 26} 28] 18] 27 30| 29| 32] 28] 30 31] 31} 26) 29 27] 33] 34| 42
62| 25| 24| 23| 23] 19] 22| 31} 30{ 21} 26 18 21 22 20 23 22 23 23 21 29 36 37 28 21
67| 16| 15 3 8 8 6] 10} 20| 32 24 25 17 18 19 19 17 16 15 23 21 16 13 18 18
72 8 [ 4 4 3 6 5| 12] 14 27 17 21 22 17 16 20 19 21 17 13 15 14 14 10 154
77 4 4 2 2 2. 4 5] 10] 1 26 22 19 18 17 15 14 14 15 13 13 10 8 6 138
82fl. 3 4] 12 12 19 18 18 17 17 16 16 12 " 8 5 3 4 117
87]. 3 3 9 13 16 16 16 16 13 9 8 9 5 3 2]. 92
92]. 1 3 4 9 13 16 14 15 11 10 4 3 1] 60|
97||. . . 1 4 4 7 8 7 7 9 4 21, 31
102}]. 2 3 3 6 6 3 2]. <14
107} . - . - . . 1 1 1 1]. 2
On Hours 31| 54] €8] 83] 90| 92| 94 96 606.00




Chiller Replacement, EMS, System Optimization (Site 2465)

Program Advanced Performance Options Program
Measure High Efficiency Water-Cooled Chillers , EMS,

and System Optimization

Site Description

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Additional Notes

College/University

Replace 1 of 2 existing 333-ton chillers with 2 200-ton centrifugal chillers,
add an Energy Management System (EMS), add Varibale Frequency
Drives (VFDs) on most pumps and fans, reconfigure chilled water piping
into primary /secondary piping, replace steam boilers with water boilers,
and repair and/or replace dampers to allow for more efficient use of
reheat.

Impacts were developed using DOE2.1E simulation program based on
climate zone, building type, and plant characteristics.

There was not sufficient documentation to verify the energy impact
achieved by the measures. There were several changes to the scope of
the project that are not reflected in the DOE2.1E output files provided.
For example, the results provided are for the installation of screw chillers
where centrifugal chillers are actually installed.

The evaluation process consists of a review of the application form and
supporting documentation, conducting an on-site survey and then
computing impacts using the on-site data.

The on-site survey was conducted on October 27, 1999 in Oakland
(Climate Zone 3). Information on the retrofit equipment and operating
conditions was collected through an inspection of the chiller and boiler
plant and through an interview with the Chief Engineer.

Due to the lack of site-specific data needed to accurately model the
impacts and the discrepancies between claimed and actual retrofit
conditions, a detailed model was not built. The errors in the application
result in an underestimation of impacts, so slight discrepancies are
acceptable. Although ex ante estimates do not reflect exact conditions,
there is not sufficient data to accurately replace the ex ante estimate for
this site. Therefore, ex ante estimates are accepted as accurate.




Impact Results

KW KWh Therm
MDSS 295.9 1,034,514.53 126,267
Adjusted 295.9 1,034,514.53 126,267
Engineering
Engineering 1.0 1.0 1.0
Realization Rate




Boiler Replacement & Economizer Repair (Site 2466)

Program

Advanced Performance Options Program

Measure

Boiler Replacement and Economizer Repair

Site Description

College

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Additional Notes

Impact Results

Install domestic hot water (DHW) heaters at several locations around
campus and repair economizers to allow shutdown of boiler plant
during summer months.

Impacts were developed using DOE2.1E simulation program based on
climate zone, building type, boiler plant and DHW usage characteristics.

The results from the DOE2.1E model runs and a portion of the field data
collection sheets were provided with the application, so there was not
sufficient Ex Ante information to conduct a thorough review of the
inputs to the model. The baseline for this project is the pre-retrofit plant.

The evaluation process consisted of reviewing the application form and
supporting documentation and conducting an on-site survey.

The on-site survey was conducted on October 27, 1999 in Oakland
(Climate Zone 3). Information on the retrofit equipment and operating
conditions were collected through an inspection of the boilers, DHW
heaters, and pumps and through an interview with the Chief Engineer.
Both pre- and post-retrofit equipment sizes and general scheduling was
confirmed during the on-site survey.

Due to the lack of trend data from the EMS, specific operating hours
were unobtainable. The Ex Ante impact estimates are accepted as
accurate.

KW KWh Therm
MDSS 4 43,485.97 57,491
Adjusted 4 43,485.97 57,491
Engineering
Engineering 1.0 1.0 1.0
Realization Rate




Chiller Replacement (Site 2468)

Program

Advanced Performance Options Program

Measure

High Efficiency Water-Cooled Chiller

Site Description

Health Care/Hospital

Measure Description

Summary of Ex Ante
Impact Calculations

Comments 6n PG&E
Calculations

Evaluation Process

Replace existing 500-ton chiller with high efficiency 700-ton water-cooled
centrifugal chiller with a VSD.

Impacts were developed using DOE2.1E simulation program based on
climate zone, building type, and chiller characteristics.

The correct climate zone, chiller size category and building
characteristics were used in the application calculations. The DOE2
results have the baseline chiller labeled as including a VSD, which
decreases the energy use, thereby decreasing the impact. Because the
input files or output summaries were not provided, the baseline label
was taken to be accurate.

The evaluation process consists of a review of the application form and
supporting documentation, conducting an on-site survey and then
computing impacts using the on-site data.

The on-site survey was conducted on October 7, 1999 in Redwood City
(Climate Zone 3). Information on the retrofit equipment and operating
conditions was collected through an inspection of the chiller and through
an interview with the Plant Engineer.

The trend logs from the EMS and the interview provided data for
development of a relationship between chiller loading and outdoor dry
bulb. The chiller is generally brought online at approximately 55 degrees
F and is fully loaded at 100 degrees F outside air temperature. Because
this facility is a hospital, cooling may be required at unusual hours and
temperatures to serve the operating room.

Models are calibrated with actual weather, EMS setpoints and trends
supplied by the contact, observed chiller run hours since the installation,
chiller staging strategy supplied by the contact, chilled water
temperatures, and condenser water temperatures. Energy impacts are
based on typical weather data. A Title 24 baseline, nominal efficiency,
and typical year bin weather data for the applicable climate zone are
used in the bin analysis. To compute the impacts, the following
assumptions were used:

e A baseline Title 24 efficiency of 0.748 kW /ton was used for the 700-
ton centrifugal chiller.

e The chiller is brought online at 55 degrees F and reaches full load at
100 degrees F.

» The chiller is available for cooling 8760 hours per year.




Additional Notes

Impact Results

Chiller efficiencies at various temperatures were calculated from
updated default performance coefficients provided in a memo to the
California Energy Commission titled “1995 Proposed Changes to the
ACM Manual Central Plant Cooling Equipment” by Mark Hydeman.
These coefficients were used to develop a chiller efficiency curve for the
Rebate case and a Title 24 base case. Evaluation-based energy impacts
were lower and demand impacts were higher than Ex Ante estimates.
Results from these calculations are summarized below and documented
in the attached workbook.

KW KWh Therm
MDSS 93 1,244,758.04 0
Adjusted 122.58 487,738.86 0
Engineering
Engineering 1.32 0.39 N/A
Realization Rate




Site 2468: Results

Post-Retrofit Chiller

Energy Demand
Savings Impact Impact
MDSS 1,244,758 93
QC 491,701 487,739 123
Realization Rate 0.39 1.32
Title 24 Baseline Chiller
Nom. Eff 0.748
Nom. Tons 700
nom kw 523.660
o Operating -
utdoor DB Hours per | Tons Output Efficiency | Annual Energy | Peak Demand
Temperature (F) year (TMY) (kW/Ton) | Use (kWh/year) (kW)
102 0.00 700 0.57 0.00 0.00
97 0.00 630 0.58 0.00 0.00
92 1.00 560 0.58 326.17 326.17
87 28.00 490 0.59 8,128.69 290.31
82 58.00 420 0.61 14,824.84 255.60
77 175.00 350 0.63 38,870.69 222.12
72 408.00 280 0.68 77,496.25 189.94
67 774.00 210 0.76 123,180.73 159.15
62 1457.00 140 0.93 189,135.80 129.81
57 2461.00 70 1.46 251,032.62 102.00
Totals 5,362.00 702,995.79 326.17

Nom. Eff 0.524
Nom. Tons 700
nom kw 366.8
. Annual . Annual Energy
Outdoor DB gzj:l;gr Tons Output Efficiency |. Energy Use | Peak Demand Hoou?ses::[;gear Use
Temperature (F) year (TMY) (kW/Ton) (kWhfyear), (kW) (Actual) (kWh/year),
(TMY) (Actual)
102 0.00 700 0.42 0.00 0.00 0.00 0.00
97 0.00 630 0.38 0.00 0.00 2.00 484.79
92 1.00 560 0.36 203.59 203.59 29.00 5,904.02
87 28.00 490 0.34 4,673.81 166.92 59.00 9,848.38
82 58.00 420 0.32 7,752.54 133.66 96.00 12,831.79
77 175.00 350 0.30 18,254.58 104.31 196.00 20,445.13
72 408.00 280 0.28 32,065.19 78.59 523.00 41,103.17
67 774.00 210 027 43,228.79 55.85 836.00 46,691.56
62 1457.00 140 - 0.26 52,183.08 35.82 1,461.00 52,326.34
57 2461.00 70 033 56,895.35 23.12 2,186.00 50,537.68
Totals 5,362.00 215,256.93 203.59 5,388.00 240,172.87
Pre-Retrofit Chiller
Nom. Eff 1
Nom. Tons 500
nom kw 500
Outdoor DB Ss‘;::’nj Tons Output Efficiency Enzrr;‘yui;se Peak Demand
Temperature (F) year (Actual) {kwTon) (kWh/year) kw)
102 0.00 500 077 0.00 0.00
97 2.00 450 0.77 693.35 346.68
92 29.00 400 0.78 9,031.44 311.43
87 59.00 350 0.79 16,354.43 277.19
82 96.00 300 0.81 23,429.03 244.05
77 196.00 250 0.85 41,568.20 212.08
72 523.00 200 0.91 94,851.27 181.36
67 836.00 150 1.01 127,036.66 151.96
62 1,461.00 100 1.24 181,086.20 123.95
57 2,186.00 50 1.95 212,906.86 97.40
Totals 5388.00 706,957.45 346.68




Site 2468: Inputs to Model

Parameter Value Reported Units of Parameter Notes
City Redwood City
Climate Zone 3 Belmont
Pre-Retrofit Nominal Chiller Capacity 500 Tons Application
Pre-Retrofit Nominal Chiller Efficiency 1 kW/ton Fix Thist!1!!
Post-Retrofit Nominal Chiller Capacity 700 Tons Application
Post-Retrofit Nominal Chiller Efficiency 0.524 kWi/ton From Chiller Rating Sheet
Post-Retrofit Full Load Amps 503 Amps York Manual
Post-Retrofit Nominal Voltage 480 Volts Contact provided value
Baseline Chiller Efficiency 0.748 kW/ton Title 24 Nominal Efficiency for Chiller > 300 Tons
On-Site Recorded Operating Voltage 430 Volts York Control Panel
On-Site Recorded Operating Amperage 372.22 Amps York Control Panel
Operating Power Use 277.22 kw Calculated
Chiller AM Lockout 0:00 AM 24/7 Availability
Chiller PM Lockout 0:00 PM 24/7 Availability
Chiller Startup OSA Temperature F Contact provided estimate
Chiller Max Load OSA Temperature 100 F Contact provided estimate
Chilled Water Supply Temperature Setpoint 55 F Contact provided setpoints; Chiller is on Manual Operation
Condenser Water Temperature 80 F Contact provided setpoints; Chiller is on Manual Operation
Date of Chiller Installation 8/10/98 Contact provided estimate
Date at Run Hour Reading 10/7/99 Chiller Log
Number of Days Chiller Operated 423 days = Read Date - Install Date
Run Hours for New Chiller 6521 hours Documented from Chiller Log
Average Hours per Year of Chiller Operation 5626.87 (M-F Only) = (Run Hours for New Chiller / Number of Days Chiller Operated) * 365 Days/Year
Predicted Run Hours Since Install Using Actual Weather & Setpoints 6791.00 hours Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details
Predicted Hours per Year Using Actual Weather Data & Setpoints 5388.00 Hours/Year Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details




Site 2468:

Post-Retraiit Chiller

Centrifugal Chiller (Water-Source) a b c d e

Capacity Correction (Tout, Tin) 0.29861976 | 0.02996076 | -0.00080125 | 0.01736268 0.00032606]  0.00063139

Part Load Efficiency (PLR) 0.17149273]  0.58820208 0.23737257

051777196  -0.00400363 0.00002078 0006387931  0.00008290;  -0.00015467]

Nom. Eff 0.524

Nom. Tons 700

nom kw 366.8

Current Data Calculated Vaiues Efficiency V5D Correction
Qutdoor Part Load Ambient Corrected
Tem?)zratu Tons Output CO_?:;’:’SH Supply temp é\g::?tty Pa':al('i%ad Adjustment  Adjustment EIR cor kW/Ton S;:'[Iigg kW/ton for|
re to EIR to EIR VvSD
102 700 80.0 55.0 704 1.000 1.00 0.77 0.1141 8.76 0.401 1.05 0.421

97 630 79.1 53.7 1 0.900 0.89 0.78 0.1148 8.7t 0.404 0.95 0.385
92 560 78.2 52.3 716 0.800 0.79 0.78 0.1160 8.62 0.408 0.89 0.364
87 490 77.3 51.0 720 0.700 0.70 0.79 0.1180 8.47 0.415 0.82 0.341
82 420 76.4 49.7 722 0.600 0.61 0.80 0.1212 8.25 0.426 0.75 0.318
77 350 75.6 483 724 0.500 0.52 0.81 0.1264 7.9 0.445 0.67 0.298
72 280 74.7 47.0 724 0.400 0.44 0.82 0.1351 7.40 0.475 0.59 0.281
67 210 73.8 45.7 722 0.300 0.37 0.82 0.1510 6.62 0.531 0.50 0.266
62 140 72.9 443 720 0.200 0.30 0.83 0.1847 5.41 0.649 0.39 0.256
57 70 72.0 43.0 716 0.100 0.23 0.84 0.2903 3.44 .00 0.32 0.330

EIR = EIRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Prop:

g S| I RS | AT | I A
CAPFT -0.29861976]  0.02996076]  -0.00080125 0.01736268]  -0.00032606 0.00063139
EIRFT 0.51777196]  -0.00400363 0.00002023] 0.00698793!  0.00008290]  -0.00015467
EIRFPLR 0.17149273 0.58820208 0.23737257| 1 1

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part fead conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EiR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.

osed Changes to the ACM Manual -- Central Plant Cooling Equipment)




Site 2468: Baseline Chiller

Centrifugal Chiller (Water-Source) a b c

Capacity Correction (Tout, Tin) -0.29861976 | 0.02996076 | -0.000B0T25 | 001736268 | -0.00032606] 0.00063139

Part Load Efficiency (PLR) 0.17145273]" 058820208 023737257, ]

51777196]  -0.0040036 0.00002028]  0.00698793]  0.00008290]  -0.00015467

Nom. Eff 0.748

Nom. Tons 700

nom kw 523.659574

Current Data Calculated Values Efficiency VSD Correction
Qutdoor Part Load Ambient Corrected
Temzzratu Tons Output Co;:;nser Supply temp Curre.nt Part L.oad Adjustment  Adjustment EIR COP kwW/Ton Scall_ng kW/ton for
p Capacity Ratio Ratio
e to EIR to EIR VSD
102 700 80.0 55.0 704 1.000 1.00 0.77 0.1629 6.14 0.573 1.05 0.602

97 630 79.1 53.7 71 0.900 0.89 0.78 0.1639 6.10 0.576 0.95 0.549
92 560 78.2 52.3 716 0.800 0.79 0.78 0.1657 6.04 0.582 0.89 0.519
87 490 77.3 51.0 720 0.700 0.70 0.79 0.1685 593 0.592 0.82 0.486
82 420 76.4 49.7 722 0.600 0.61 0.80 0.1731 578 0.609 0.75 0.454
77 350 75.6 48.3 724 0.500 0.52 0.81 0.1805 5.54 0.635 0.67 0.425
72 280 747 47.0 724 0.400 0.44 0.82 0.1929 518 0.678 0.59 0.401
67 210 73.8 45.7 722 0.300 0.37 0.82 0.2155 4.64 0.758 0.50 0.380
62 140 72.9 443 720 0.200 0.30 0.83 0.2637 379 0.927 0.39 0.365
57 70 72.0 43.0 716 0.100 0.23 0.84 0.4145 241 1.457 0.32 0.472

EiR = ElRrated x EIR-FT x EIR-FPLR/ PLR.

Chiller Plant Coefficients --

Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

E oiGm s e L b )

-0.00032 606;

CAPFT -0.29861976, 0.02996076| -0.00080125, 0.01736268 0.000631139
EIRFT 0.51 7771961 -0.00400363| 0.00002028; 0.00698793, 0.00008290 -0.00015467!
HRESLR - 0.17”92731 PR TTTIITT F55535555 b

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)

This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout} and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual

- November 1992,




Site 2468: Pre-Retrofit Chiller

Outdoor
D8
Temperatu
re

102

97

92

87

82

77

72

67

62

57

Centrifugal Chiller (Water-Source) a b c d e f

Capacity Correction (Tout, Tin) -0.79861976 | 0.02996076 | -0.00080125 | 0.01736268 | -0.00032606| 0.00063139

Part Load Efficiency (PLR) 0.17149273  0.58820208]  0.23737257 ; T ]

3 051777196] -0.00400363]  0.00002028)  0.00698793;  0.00008290.  -0.00015467,

Nom. Eff 1

Nom. Tons 500

nom kw 500

Current Data Calculated Values Efficiency VSD Correction
Part Load Ambient . Corrected
Tons Output Co.rrti;nser Supply temp CC””ET" Pa: L‘oad Adjustment  Adjustment EIR cop kW/Ton Siczah.ng kWiton for
P apacity atio to EIR to EIR atio VSD

500 80.0 55.0 503 1.000 1.00 0.77 0.2178 4.59 0.766 1.05 0.804
450 791 53.7 508 0.900 0.89 0.78 0.219N 4.56 0.770 0.95 0.734
400 78.2 52.3 511 0.800 0.79 0.78 0.2214 4.52 0.779 0.89 0.694
350 77.3 51.0 514 0.700 0.70 0.79 0.2253 4.44 0.792 0.82 0.650
300 76.4 49.7 516 0.600 0.61 0.80 0.2314 4.32 0.814 0.75 0.607
250 75.6 48.3 517 0.500 0.52 0.81 0.2413 4.14 0.848 0.67 0.569
200 747 47.0 517 0.400 0.44 0.82 0.2579 3.88 0.907 0.59 0.536
150 73.8 45.7 516 0.300 0.37 0.82 0.2881 3.47 1.013 0.50 0.508
100 729 443 514 0.200 0.30 0.83 0.3525 2.84 1.239 0.39 0.488
50 72,0 43.0 511 0.100 0.23 0.84 0.5540 1.80 1.948 0.32 0.630

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coeffici

CAPFT -0.25861576]  0.02996076  -0.00080125|  0.01736268] -0.00032606}  0.00063139,
EIRFT 051777196 -0.00400363]  0.00002028]  0.00638793]  0.00008250,  -0.00015467,
BIRFPLR 0.17149273|  0.58820208]  0.23737257] E 1

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR =

A + (B x PLR) + (Cx PLR x PLR)

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EiR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.




Site 2468: Weather Data
TMY temperature data for climate zone 3

Temp 0:00] 1:00}2:00] 3:00} 4:00( 5:00{ 6:00]7:00| 8:00( 9:00] 10:00{ 11:00} 12:00{13:00]14:00} 15:00] 16:00]17:00}18:00]19:00{20:00(21:00}22:00} 23:00{|On Hours
32 3]. 1 4 1]. 11 . . .
37 6 9] 13} 13| 16| 15| 18 2 ! . . . . . . . 3 5 6
42|l 28] 31| 34} 46] 45| 44| 38| 28| 12 5 1. . 1 1 1 1 2 5 6 7 16 N 26
47t 721 771 79F 84] 71| 66| 70f 65| 43] 3 12 8 6 3 2 2 2 6 21 32 44 43 48 54
52| 120] 125{ 125 116{ 127{ 122| 104] 85| 79| 68 60 43 26 20 17 2] 36 53 68 78 93 107| 124} 127
57 1164 105§ 100] 90] 95] 106] 112] 120] 104] B9 83 79 68 70 80 79 95| 108] 115 129] 129] 137| 127] 125 2461
62| 21 17§ 121 11 91 1 19| 58| 98f 102 91 77 77 a3 79 84 9t 111 109 99 83 55 35 25 1457
67 2 1 1 1 1 1 3 5| 20| 56 74 77 72 78 84 78 a3 60 38 19 9 4 S 2 774
72};. 2 71 9 32 51 64 61 58] 57 37 19 9 2]. 408|
77|} 1 5 10 21 k)l 30 28 28 15 6. 175
82f. 2 8 13 11 11 9 4]. 58
87 1 8 7 5 6 1/. 28
921l 1] 1
97| [Y
102{. . . . . . . . . . . . . . . . . . . Y
On Hours || 139] 123] 113] 102 105] 118] 134] 185] 230] 261 292 314] 333] 341[ 345] 341 326] 304| 271 249] 22%] 196| 167| 152} 5362.00
Actual temperature by hour from 10/08/98 to 10/07/99
Temp 0:00] 1:00]2:00] 3:00] 4:00]5:00] 6:00] 7:06§ 8:00] 9:00] 10:00] 11:00] 12:00] 13:00] 14:00] 15:00] 16:00] 17:00] 18:00] 19:00] 20:00] 21:00] 22:00] 23:00][On Hours
32 4 4 5 S 5 5 5 5{. . . . . 1 2 3
37 3 4 8 8] 10| 12| 13 8 5 1]. . . . . . . 1 2 3 4 4 3 3
42| 34| 36| 36} 44| 45] 49] 39] 323 14 7 4 4 2 2 2 2 2 4 7 8 13 16 23 28
A7) 66} 69] 75) 69) 69] 60f 52| 40 38f 29 20 9 9 7 7 8 12 20 33 51 55 60 64 63
52{ 103| 104] 99{ 105] 108 90 83| 68] 62| 49 46 42 32 32 33 36 51 75 93 96 98| 101 94 98
571 113] 107] 105] 100f 97f 105} 90| 80| 67} 77 74 65 65 69 76 84 93 92 87F 100 104] 111] 112{ 113 2186
62| 357 36 33} 30{ 27| 40| e6] 92| 92| 75| 62 69 7 67| 69 70 68/ 83| 9 701 65 53] 51 46| 1461
67 6 4 4 3 3 4{ 14| 27| 60} 83 85 72 63 54 62 71 74 44 29 23 16 13 13 9 836
72 1 1]. 1 1]. 3| 12| 16} 31 49 66 75 76 59 43 25 20 10 10 8 6 3 2 523
77|. 1] 10 6 13 20 24 30 27 18 19 13 9 4 2. 196
82| 1 7 9 7 13 13 14 12 8 9 3. 96|
87|. 3 10 7 11 6 9f ' 8 4 1. 59
92| 1 4 4 9 6 5]. 29
971 1 1]. 2
102{|. . . . . . . . . . . . . . . . . . . . . . . . 0
On Hours || 155 148[ 142] 134] 128] 149] 173| 212] 246| 279] 295{ 30| 322] 324 323] 319 300{ 265{ 230| 207 195 183| 179] 170] 5388.00]
Actual temperature by hour from 08/10/98 to 10/07/99
Temp 0:00]1:00] 2:00} 3:00{ 4:00{ 5:00( 6:00| 7:00§ 8:00| 9:00| 10:00} 11:00]12:00]13:00( 14:00{ 15:00] 16:00]17:00]18:00{19:00]{20:00(21:00}22:00{ 23:00{|On Hours
2 4 4] 5 5 BIEE 5P s]. R R . R 1 2 3
37 3 4 8 8f 10] 12; 13 8 5 1]. . . . . . . 1 2 3 4 4 3 3
42) 34] 36] 36| 44| 45) 49f 39| 32] 14 7 4 4 2 2 2 2 2 4 7 8 13 16 23 28
47) 66] 69] 75| 691 69] 60| 52{ 40| 38} 29 20 9 9 7 7 3 12 20 33 51 55 60 64 63
52| vo4] 105 101 107] 112 93] 83] 68] 62| 49 46 42 32 32 33 36 51 75 93 96 98| 101 94 98
5711 146] 144} 143 139] 134] 141] 110] 87] 69| 77 74 65 65 69 76 84 93 94 96| 112] 114 121] 130} 133 2516
62(f 50| 50} 48| 44| 42} 57| 94[122] 113| B4 68 73 75 69 73 78 83| 100] My 9 96 89 81 74 1865
67it 14 9 7 & 6 7} 23| 43] 82|/ 107 106 88 73 66 75 85 85 59 42 41 27 20 22 18| ni
72 3 3 1 2 1. 5] 16} 27] 49 65 82 91 89 70 55 36 30 20 14 15 12 5 4 695
77| 3 12 12] 23 34 40| 44 39| 34 3] 23 15 8 2|. 322
82| 2 9 14 12 19 23 25 18 12 13 4]. 151
87/ 4 14 14 19 1 15 12 5 1]. a5
92 1 4 4 12 8 5]. 34
97 1 1]. 2
102 . . . . . . . . . . . . . . . . . . . . 0]
On Hours || 213] 206] 199] 191 183] 205 232] 271] 305| 338] 354 369 381 383| 382] 1378 3591 324| 289| 266 254 242] 238] 229 6791.00




Installation of EMS (Site 2475 & 2476)

Program

Advanced Performance Options Program

Measure

Installation of Energy Management System

Site Description

Personal Service

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Additional Notes

Impact Results

Install a fully integrated DDC system to control the HVAC and lighting
equipment in three-building complex.

Ex ante calculations were performed using a spreadsheet program to
estimate demand and energy impacts.

The application calculations used the correct algorithms to estimate
energy and demand impacts.

The evaluation process consists of a review of the application form and
supporting documentation. The contact at the site was unwilling to
provide access to the site in order to gather the necessary information to
conduct ex post engineering estimates. After a thorough review of the
application and replication of several of the impact calculations, ex ante
estimates are accepted as accurate.

2475 KW KWh Therm
MDSS 0 219,176.15 0
Adjusted 0 219,176.15 0
Engineering
Engineering N/A 1.00 N/A
Realization Rate '
2476 KW KWh Therm
MDSS 0 1,064,708.06 0
Adjusted 0 1,064,708.06 0
Engineering
Engineering N/A 1.00 N/A
Realization Rate




Chiller Replacement (Site 2482)

Program Advanced Performance Options Program
Measure High Efficiency Water-Cooled Chiller
Site Description Health Care/Hospital

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Replace existing 177-ton compressors for Thermal Energy Storage system
and 210-ton chiller with two 300-ton high-efficiency water-cooled
chillers.

Impacts were developed using DOE2.1E simulation program based on
climate zone, building type, and chiller characteristics.

The correct climate zone, chiller size category and building
characteristics were used in the application calculations. However, the
calibration to customer billing records appears to have over-estimated
the chiller contribution to those bills, resulting in a considerable over-
estimation of impact. The most likely source of error is the hours of
operation for the chillers.

The evaluation process consists of a review of the application form and
supporting documentation, conducting an on-site survey and then
computing impacts using the on-site data. Models are calibrated with
actual weather, observed chiller run hours since the installation, chiller
loading under extreme outdoor temperature conditions, chilled water
temperature, and condenser water temperature. Energy impacts are
based on typical weather data. A Title 24 baseline, nominal efficiency,
and typical year bin weather data for the applicable climate zone are
used in the bin analysis.

The on-site survey was conducted on August 10, 1999 in Clovis (Climate
Zone 13). Information on the retrofit equipment and operating
conditions was collected through an inspection of the chillers and
through an interview with the Service Coordinator.

Discussions provided data for development of a relationship between
chiller loading and outdoor dry bulb. The two chillers, chiller #2 and
chiller #3, are operated in a lead/lag configuration. Once the lag chiller
is brought on line, the two chillers split the load evenly. The chillers are
alternated between lead and lag approximately once per month. The
chillers are available 24 hours per day, 7 days per week. The lead chiller
is brought on line at 62 degrees outside air temperature. The lag chiller
is brought on line to split the load at 85 degrees outside air temperature.
The Service Coordinator estimated that the chillers reaches 100% loading
at approximately 115 degrees outside air temperature. Chiller #1, the
original chiller, operates only once per month for exercise.

To compute the impacts, the following assumptions were used:

* At the time of the audit chiller #3 was designated as the lead chiller
and chiller #2 was designated as the lag chiller.




» A linear loading strategy was used for the analysis of both the
baseline, and rebated chillers, which assumed initial loading of
chiller #3 at 62 degrees and 100% loading at 85 Degrees F. At this
point, chiller #2 comes on line, and both chillers split the load equally
until they both reach 100%. Both chillers have not reached 100%
loading yet.

¢ Based on a water-cooled chiller greater than 300 tons, a baseline Title
24 efficiency of 0.748 KW /ton was used.

Chiller efficiencies at various temperatures were calculated from
updated default performance coefficients provided in a memo to the
California Energy Commission titled “1995 Proposed Changes to the
ACM Manual Central Plant Cooling Equipment” by Mark Hydeman.
These coefficients were used to develop a chiller efficiency curve for the
Rebate case and a Title 24 base case. Both evaluation-based demand and
energy impacts were lower than Ex Ante estimates. Results from these
calculations are summarized below and documented in the attached

workbook.
Additional Notes
Impact Results
KW KWh Therm
MDSS 99 485,735.99 0
Adjusted 77.51 132,540.79 0
Engineering
Engineering 0.78 0.27 N/A
Realization Rate




Site 2482: Results

Post-Retrofit Chiller 22

Impacts Energy Demand
MDSS 485,736 99
QC 132,541 78
Realization Rate 0.27 0.78
Title 24 Baseline Chiller #2
Nom. Eff 0.748
Nom. Tons 235
nom kw 175.780
Operating .
Qutdoor OB Hours per | Tons Outpul Efficiency | Annual Energy | Peak Demand
Temperature (F) year (TMY) (kW/Ton) | Use (kWh/year) (kW)
112 0.00 235 0.62 0.00 144.56
107 5.00 212 0.61 649.18 129.84
102 96.00 188 0.62 11,108.28 115.71
97 216.00 165 0.62 22,074.05 102.19
92 345.00 141 0.63 30,807.18 89.30
87 418.00 18 0.66 32,196.59 77.03
Totals 1,080.00 96,835.28 144.56
Title 24 Baseline Chiller #3
Nom. Eff 0.748
Nom, Tons 235
nom kw 175.780
Operating .
Qutdoor DB Hours per | Tons Output Efficiency | Annual Energy | Peak Demand
Temperature (F) year (TMY) (kW/Ton) | Use (kWhiyear) (kW)
112 0.00 235 0.62 0.00 144,56
107 5.00 212 0.61 649.18 129.84
102 96.00 188 0.62 11,108.28 115.71
97 216.00 165 0.62 22,074.05 102.19
92 345.00 141 Q.63 30,807.18 89.30
87 418.00 118 0.66 32,196.59 77.03
82 544,00 235 0.68 86,497.30 159.00
77 606.00 188 0.66 74,876.18 123.56
72 722.00 141 0.66 66,865.15 92.61
67 842.00 94 Q.70 55,487.98 65.90
62 965.00 47 0.92 41,663.09 43.17
Totals 4,759.00 422,224.98 159.00

Nom. Eff 0.557
Nom. Tons 235
nom kw 130.895
, Annual A Annual Energy
Outdoor DB gzz:(:j Tons Output Efficiency Energy Use | Peak Demand Hi‘::;:r”;iar Use
Temperature (F) (kW/Ton) (kWh/year), (kW) (kWh/year),
year (TMY) (TMY) (Actual) (Actual)
112 0.00 235 0.46 0.00 107.65 0.00 0.00
107 5.00 212 0.46 483.41 96.68 35.00 3,383.89
102 96.00 188 0.46 8,271.81 86.16 113.00 9,736.61
97 216.00 165 0.46 16,437.49 76.10 226.00 17,198.49
9 345.00 141 047 22,940.64 66.49 373.00 24,802.49
87 418.00 118 0.49 23,975.27 57.36 437.00 25,065.06
Totals 1,080.00 72,108.63 107.65 1,184.00 80,186.53
Post-Retrofit Chiller #3
Nom. Eff 0.557
Nom. Tons 235
nom kw 130.895
. Annual . Annual Energy
Outdoor DB gsz:‘;% Tons Output Efficiency Energy Use | Peak Demand Hool.:se:)z:r”;gear Use
Temperature (F) (kW/Ton) (kWh/year), (kw) (kWh/year),
year (TMY) (TMY) (Actual) (Actual)
112 0.00 235 0.46 0.00 107.65 0.00 0.00
107 5.00 212 0.46 483.41 96.68 35.00 3,383.89
102 96.00 188 0.46 8,271.81 86.16 113.00 9,736.61
97 216.00 165 0.46 16,437.49 76.10 226.00 17,196.49
92 345.00 141 047 22,940.64 66.49 373.00 24,802.49
87 418.00 118 0.49 23,975.27 57.36 437.00 25,065.06
82 544.00 235 0.50 64,410.42 118.40 551.00 65,239.23
77 606.00 188 0.49 55,756.73 92.01 4,139.00 380,820.31
72 722.00 141 0.49 49,791.30 68.96 672.00 46,343.15
67 842.00 94 0.52 41,319.25 49.07 813.00 39,896.14
62 965.00 47 0.68 31,024.52 32.15 884.00 28,420.39
Totals 4,759.00 314,410.85 118.40 8,243.00 640,905.75




Site 2482: inputs to Model

Parameter Value Reported [  Units of Parameter Notes
Pre-Retrofit Chiller #1 Nominal Capacity 210 Tons Application
Pre-Retrofit Chiller #1 Nominal Efficiency 0.76 kWiton Application
Post-Retrofit Chiller #1 Nomina! Capacity 210 Tons Same as Pre-Retrofit; Chiller Used for Emergency Backup Only
Post-Retrofit Chiller #1 Nominal Efficiency 0.76 kW/ton Same as Pre-Retrofit; Chiller Used for Emergency Backup Only
Pre-Retrofit Chiller #2 Nominal Capacity 88.5 Tons Application
Pre-Retrofit Chiller #2 Nominal Efficiency 0.82 kW/ton Application
Post-Retrofit Chiller #2 Nominal Capacity 235 Tons Application
Post-Retrofit Chiller #2 Nominal Efficiency 0.557 kW/ton From Chiller Rating Sheet
Post-Retrofit Chiller #2 Full Load Amps 236 FLA From York Manual
Post-Retrofit Chiller #2 Stariup OSA Temperature 85 F Contact provided estimate
Post-Retrofit Chiller #2 Max Load OSA Temperature ? F Contact provided estimate
Post-Retrofit Chiller #2 Chilled Water Supply Temperature Setpoint 48 F Contact provided setpoints
Post-Retrofit Chiller #2 Condenser Water Temperature Setpoint 74.55 F Contact provided setpoints
Pre-Retrofit Chiller #3 Nominal Capacity 88.5 Tons Application
Pre-Retrofit Chiller #3 Nominal Efficiency 0.82 kWi/ton Application
Post-Retrofit Chiller 43 Nominal Capacity 235 Tons Application
Post-Retrofit Chiller #3 Nominal Efficiency 0.557 kW/ton From Chiller Rating Sheet
Post-Retrofit Chiller #3 Full Load Amps 236 FLA From York Manual
Post-Retrofit Chiller #3 Startup OSA Temperature 62 F Contact provided estimate
Post-Retrofit Chiller #3 Max Load OSA Temperature ? F Contact provided estimate
Post-Retrofit Chiller #3 Chilled Water Supply Temperature Setpoint 45 F Contact provided setpoints
Post-Retrofit Chiller #3 Condenser Water Temperature Setpoint 72.5 F Contact provided setpoints
Baseline Chiller Efficiency 0.748 kW/ton Title 24 Nominal Efficiency for Chiller > 300 Tons
Chiller AM Lockout 0:00 AM 24 hours per day, 7 days per week
Chiller PM Lockout 0:00 PM 24 hours per day, 7 days per week
Post-Retrofit Chiller #2 Run Hours 3931 hours Documented from Chiller Log
Post-Retrofit Chiller #3 Run Hours 3820 hours Documented from Chiller Log
Total Post-Retrofit Chiller Run Hours 7751 hours = Chiller #2 Run Hours + Chiller #3 Run Hours
Date of Chiller Installation 3/15/98 Contact provided estimate
Date at Run Hour Reading 8/10/99
Number of Days Chillers Operated 514 days = ((Read Date - Install Date) * 5/7) - 10 Holidays
Average Hours per Year of Operation for Chiller #2 2791.47 Hours/Year = (Run Hours for New Chiller / Number of Days Chiller Operated) * 365 Days/Year
Average Hours per Year of Operation for Chiller #3 2712.65 Hours/Year = (Run Hours for New Chiller / Number of Days Chiller Operated) * 365 Days/Year
Average Hours per Year of Operation for Both Chillers 5504.11 Hours/Year = Chiller #2 Average Hours per Year + Chiller #3 Average Hours per Year
Chiller #2 Run Hours Since Install Using Actual Weather & Setpoints 1887.00 hours Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details
Chiller #3 Run Hours Since Install Using Actual Weather & Setpoints 7445.00 hours Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details
Total Modeled Post-Retrofit Chiller Run Hours 9332.00 hours = Chiller #2 Modeled Run Hours + Chiller #3 Modeled Run Hours
Chiller #2 Modeled Hours per Year from Actual Weather Data 1184.00 Hours/Year Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details
Chiller #3 Modeled Hours per Year from Actual Weather Data 4754.00 Hours/Year Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details
Total Modeled Post-Retrofit Hours per Year 5938.00 Hours/Year = Chiller #2 Modeled Hours per Year + Chiller #3 Modeled Hours per Year




Site 2482: Post-Retrofit Chiller #2

Outdoor
OB
Temperatu
re
112
107
102

97
92
87

Centrifugal Chiller (Water-Source) a b C d e
Capacity Correction (Tout, Tin) -0.29861976 |  0.02995076 | -0.00080125 | 0.01736268 -0.00032606 |  0.00063139
Part Load Efficiency {PLR) 0.17149273}  0.58820208 0.23737257 - - B
Temp Efficiency (Tout, Tin) 0517771961 -0.00400363(  0.00002028f  0.00698793| 0.00008290!  -0.00015447
Nom. Eff 0.557
Nom. Tons 235
nom kw 130.895
Current Data Calculated Values Efficiency
Part Load Ambient
Tons Output CoTndenser Supply lemp CCurreTI(t Pa;taticc))ad Adjustment  Adjustment EIR cop kW/Ton
emp Apacity to EIR to EIR
235 83.5 54 236 1.000 1.00 0.82 0.1303 7.68 0.458
212 82.5 53 238 0.900 0.89 0.83 0.1300 7.69 0.457
188 81.5 52 239 0.800 0.79 0.83 0.1304 7.67 0.458
165 80.5 51 240 0.700 0.70 0.83 0.1316 7.60 0.463
141 79.5 50 241 0.600 0.61 0.83 0.1341 7.46 0.472
118 785 49 242 0.500 0.52 0.83 0.1388 7.20 0.488

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

-0.29861976

0.02996076

-0.00080125

0.51777196,

-0.00400363

0.00002028]

0.01736268,

0.00698793f

00032606

0.00063139
000015467

EIRFPLR

0.17149273

0.58820208|

0.23737257]

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR =

A+ {B x PLR) + (Cx PLR x PLR)

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual -

November 1992.




Site 2482: Post-Retrofit Chiller #3

Centrifugal Chiller (Water-Source) a b c d e f

Capacity Correction (Tout, Tin) -0.29861976 | 0.029960761 -0.00080125 | 0.01736268 -0.00032606|  0.00063139 |

Part Load Efficiency (PLR) 017149273 " 0.58820208]  0.23737257, - E !

Temp Efficiency (Tout, Tin) 051777196 1000400363 0.00002038]  0.00698793  0.00008280]  -0.00075467

Nom. Eff 0.557

Nom. Tons 235

nom kw 130.895

Current Data Calculated Values Efficiency
Qutdoor Part Load Ambient
Temzzralu Tons Output Co::n(:r;ser Supply temp Cc;:;ar::ly Pa:alt.;ad Adjustment  Adjustment EIR cor kW/Ton
re to EIR to EIR

112 235 83.5 54 236 1.000 1.00 0.82 0.1303 7.68 0.458
107 212 82.5 53 238 0.900 0.89 0.83 0.1300 7.69 0.457
102 188 81.5 52 239 0.800 0.79 0.83 0.1304 7.67 0.458
97 165 80.5 51 240 0.700 070 0.83 0.1316 7.60 0.463
92 141 79.5 50 241 0.600 0.61 0.83 0.1341 7.46 0.472
87 118 78.5 49 242 0.500 0.52 0.83 0.1388 7.20 0.488
82 235 83 48 236 1.000 1.00 0.91 0.1433 6.98 0.504
77 188 80.5 47.25 238 0.8C0 0.79 0.89 0.1392 7.18 0.489
72 141 78 46.5 240 0.600 0.61 0.86 0.1391 719 0.489
67 94 755 45.75 242 0.400 0.44 0.84 0.1485 6.73 0.522
62 47 73 45 242 0.200 0.30 0.82 0.1946 5.14 0.684

EIR = ElRrated x EIR-FT x EIR-FPLR/ PLR.

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

' -0.29861976) 0.02996076, -0.00080125| 0.01736268| -0.00032606| 0.00063139

: '"’;L"""""b.'i'i'}'i7196 000400363~ 0.00002028]  0.00696793| 000008290 "0.00015467]
[EIRFPLR | 0.17149273  0.58820208,  0.23737257 :

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + {F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply lemperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992,




Site 2482: Baseline Chiller #2

Outdoor
DB
Temperatu
re
112
107
102

97
92
87

Centrifugal Chiller (Water-Source) a b d e
Capacity Correction (Tdut, Tin) -0.29861976 0.02996076 ] -0.00080125 0.01736268 -0.00032606 1 0.00063139
Part Load Efficiency (PLR) 0.17149273;  0.58620208 0.23737257, - -
Temp Efficiency (Tout, Tin) 051777196 T5.60400363] ""'"6.'660020251 0.00696793  0.00008290. -0.00015467
Nom. Eff 0.748
Nom. Tons 235
nom kw 175.78
Current Data Calculated Values Efficiency
Part Load Ambient
2]
Tons Output Co;denser Supply temp CCurrern a’;t It..oad Adjustment  Adjustment EIR cop kW/Ton
emp apacity ato to EIR to EIR
235 83.5 54 236 1.000 1.00 0.82 0.1750 5.72 0.615
212 82.5 53 238 0.900 0.89 0.83 0.1746 573 0.614
188 81.5 52 239 0.800 0.79 0.83 0.1751 571 0.615
165 80.5 51 240 0.700 0.70 0.83 0.1767 5.66 0.621
141 79.5 50 241 0.600 0.61 0.83 0.1801 5.55 0.633
1 H} 78.5 49 242 0.500 0.52 0.83 0.1864 536 0.656

EIR = ElRrated x EIR-FT x EIR-FPLR/ PLR.

* Chiller Piant Coefficients -- Electric Water-Cool

ed Chillers (sourc

e Mark Hydeman

R iday T .. 1 e @ ) 5
CAPFT -0.29861976]  0.02996076]  -0.00080123 001736268  -0.00032606 39)
EiRET 0.51777196]  -0.00400363 o.oooozozs[ 0.00698793) 0.00008290]  -0.00015467
EIRFPLR 0.17149273]  0.58820208 0.23737257|

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS$, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.

October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)
——— ' -




Site 2482: Baseline Chiller £3

Outdoor

DB

Temperatu
re

112

107

102

97

92

87

82

77

72

67

62

Centrifugal Chiller (Water-Source) a b e

Capacity Correction (Tout, Tin) -0.29861976 0.02996076 -0.00080125 0.01736268 -0.00032606 |  0.00063139 |

Part Load Efficiency (PLR) 0.17149273] 0.58820208, 0.23737257 - - :

Temp Efficiency (Tout, Tin) 051777196, -0.00400363]  0.00002028 ~ "§.00698793 """"""'6.'62)'665’2’9"6,1'" ".0.00075: 7‘

Nom. Eff 0.748

Nom. Tons 235

nom kw 175.78

Current Data Calculated Values Efficiency
Part Load Ambient
Tons Output Condenser Supply temp Curref\t Pant Lpad Adjustment  Adjustment EIR cop kW/Ton
. Temp Capacity Ratio
to EIR to EIR

235 83.5 54 236 1.000 1.00 0.82 0.1750 5.72 0.615
212 82.5 53 238 0.900 0.89 0.83 0.1746 5.73 0.614
188 81.5 52 239 0.800 0.79 0.83 0.1751 5.71 0.615
165 80.5 51 240 0.700 0.70 0.83 0.1767 5.66 0.621
141 79.5 50 241 0.600 0.61 0.83 0.1801 5.55 0.633
18 78.5 49 242 0.500 0.52 0.83 0.1864 5.36 0.656
235 83 48 236 1.000 1.00 0.91 0.1924 5.20 0.677
188 80.5 47.25 238 0.800 0.79 0.89 0.1869 5.35 0.657
141 78 46.5 240 0.600 0.61 0.86 0.1868 5.35 0.657
94 75.5 45.75 242 0.400 0.44 0.84 0.1994 5.02 0.701
47 73 45 242 0.200 0.30 0.82 0.2613 3.83 0.919

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients

CAPFT -0.20861976, 002996076 0.00080125|  0.01736268 0.00063139
EIRFT 0.51777196]  -0.00400363] 0.00002028! 0.00698793|  0.00008290)  -0.00015467
EIRFPLR 017149273 058820208 0.23737257 E

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR =

This describes the change in EIR as a function of par load conditions (PLR, the part load ratio).

A + (B x PLR) + (C x PLR x PLR)

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS5) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/ES Standard 90.1-1989 User's Manual - November 1992.

Elecmc Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)




Site 2482: Weather Data
TMY temperature data

FTemp 0:00{ 1:00] 2:00 3:00] 4:00] 5:00{ 6:00] 7:00( 8:00{ 9:00{ 10:00 11:00{ 12:00] 13:00] 14:00] 15:00] 16:00[ 17:00] 18:00] 19:00] 20:00] 21:00] 22:00] 23:00{{On Hours
22
27 1 3 3
32 4 6 10114 15] 19} 19 7 2 4 4 4
7 27 3213413437 32|31]|26)17] 8 i 2 5 7 6 9 17 26
42 4 40| 36 |41 | 37| 42 |43 | 34| 24| 19 13 8 3 3 3 3 5 7 10 19 27 3 32 32
47 50 54 |64 |65]165|55}48 | 45) 38| 24 20 15 " 9 9 8 14 19 29 26 33 42 49 50
52[ 61 61 ] 61 |59]56[53]49] 48[ 49]49] g1 35 | 25 ] 24 | 21 23 ] 30| 45 [ 41 59 | 58 | 60 | 56 | 55
57| 43 42 | 41 144 | 48| 42 |1 38 [ 39| 36 39| 46 46 42 41 41 39 42 42 49 43 47 37 44 50
62| 35 44 | 52 [ 63 | 55|46 {39 { 36| 37| 35 36 37 39 38 43 37 41 36 40 8 36 40 29 33 965
67 53 | 52| 40|21 )33 47|48 39|37 (31| 26 | 27 36 | 39 | 31 36 | 33 | 32| 28 | 25 | 22 | 28 | 39 | 39 842
72 33 26 | 22 | 23| 17| 20| 27 | 41 | 42 | 37 33 33 26 23 27 25 24 27 25 32 33 37 47 42 722
77| 15 8 5 1 1 6 18)35(39] 41 39 36 29 30 27 26 25 24 32 30 43 42 29 25 606
82 3 0 2 133345 44 35 39 36 35 35 30 35 28 38 39 17 18 9 544
87 2 12 | 31 38 42 39 31 27 29 36 27 42 36 17 8 1 418
92 T 16125 | 36 | 37139 | 42143 | 39| 37| 26 | 12 2 345
97 3 15 31 36 36 37 27 27 10 216
102 8 15 22 27 19 5 96
107 T 1 3 5
112 0
On Hours for Chiller 52 0 0 0 4 0 0 0 2| 13| 37 66 93] 115{ 122| 128] 133] 121 96 78 48 19 8 1 0{f 1080.00
On Hours for Chiller #3 139] 130f 119] 108] 106] 119] 134 166] 201] 226] 244] 261| 284] 288] 291| 292] 274] 250] 23t} 211] 192] 182] 163| 148} 4759.00]
Note: Total “On Hours" value has been scaled by 5/7 to account for M-F operation only
Actual temperature data for climate zone 13 for 7/24/98 to 7/23/99
r?emp 0:00] 1:0012:00( 3:00( 4:00§ 5:00{ 6:00] 7:00] 8:00{ 3:00{ 10:00] 11:00[ 12:00{ 13:00[ 14:00{ 15:00| 16:00| 17:00] 18:00{ 19:00{ 20:00] 21:00] 22:00] 23:00|[On Hours
22 . . . 1 1 1 2 1 . . . . . . .
27 3 3 3 3 3 3 2 3 3 1 1 . . . . . . . . . 1 1 2 3
32 9 9 15161511918 16|12 6 2 3 1 2 1 t 1 2 2 4 2 5 4 5
37 15 21 17120 27| 30| 31} 28] 21| 16 13 9 6 3 3 3 5 7 9 1 14 18 19 17
42 33 371393740 | 40| 44 [ 29 ] 24 | 18 1 10 12 1 7 6 9 9 12 13 18 16 23 25
47) 49 [ 54159 | 5715550 [44([52]39)31}] 23 16 12 | 13 15 17 16 | 20 | 23 | 29 | 26 | 35 36 | 49
52| 55 44 | 43 | 55| 57 | 60| 47 | 41 | 48 | 49 | 43 34 25 16 18 18 24 26 39 43 56 54 58 56
57| 4 51 | 5045 )| 45| 41 148 | 38| 35| 40 47 51 55 48 41 45 43 51 51 46 44 44 40 40
62| 40 36 (39(141]40) 3934134 39| 27 36 36 32 42 46 41 42 39 29 33 27 31 42 39 884
67| 33 39 (3941 41)42]40] 33| 30| 42 24 29 37 37 35 34 30 26 22 26 32 34 33 34 813
72 42 34129124 | 20{ 18221393031 39| 32| 20| 18] 23} 23 19 [ 22} 30 | 30 | 36 | 28 | 27 | 36 672
77 19 16|18 15| 14 (15|21 | 21| 36 | 27 28 30 36 38 31 26 32 36 30 33 27 31 41 29 650
82) 16 15/11] 8 6 | 6 1021|2538 38 | 32 | 29| 27 | 27 | 33 [ 32 26 | 30 | 21 30 | 37 17 16 551
87 10 6 3 2 1 17 2 8 16 | 22 28 32 33 30 28 28 24 23 25 41 28 17 14 14 437,
92 1 7 |13} 20 26 33 34 34 33 34 39 38 21 16 13 9 2 373
97| 4 10 17 18 25 29 3o 31 24 15 14 8 1 226
102 2 7 15 18 16 15 16 14 10 f 113
107| 7 3 11 12 7 1 35
1On Hours for Chiller #2 10 6 3 2 1 1 2 9] 23] 39 60 83] 100] 110} t18f 118] 112f 101 88 76 52 31 23 16 1184.00“
{[On Hours for Chiller #3 160[ 146 139] 131] 122] 121{ 129] 157 183] 204] 225 242| 254] 272] 280 275| 267] 250 229] 219] 204] 192] 183] 170] 4754.00)

:
|
\
\




EMS System Upgrade (Site 2488)

Program

Advance Performance Options

Measure

EMS And HVAC System Control

Site Description

Health Care/Hospital

Measure Description

Summary of Ex Ante
‘Impact Calculations

Comments on
Calculations

Evaluation Process

Install a DDC energy management system to reduce the number of
operating hours for air handlers, control heating water, chilled water
and condenser water temperatures, and occupancy based control of
common area air handlers.

Impacts were determined using engineering calculations, which
represent the demand and energy use of the fans that are controlled by
the EMS. The baseline for this site was assumed to be the pre-retrofit
conditions. Impacts were based on the reduced number of operating
hours of selected air handlers to correspond to occupancy schedules.
Electricity is saved by reducing the number of operating hours of the
compressors, fans and pumps; as well as reducing the number of hours
the buildings are conditioned by reset thermostats during unoccupied
periods. Connected loads were based on detailed audits of the facility.

Impacts calculations were based on the reduction of operating hours for
fans with schedules controlied by the EMS and the corresponding
heating and cooling impacts associated with the reduced fan operating
hours. Appropriate equipment efficiencies, size, and cfm were used.
Operating hours for areas controlled by occupancy sensors were
adjusted by either 0.6 or 0.8, but there was no justification of these
estimates.

The evaluation process consisted of reviewing the application form and
supporting documentation, conducting an on-site survey and reviewing
the results from the spreadsheets accompanying the application.

The on-site survey was conducted on September 28, 1999 in Oakland
(Climate Zone 3) with the Director of Maintenance. Pre and post retrofit
schedules were reconfirmed through interviews with the Director of
Maintenance. Occupancy schedules of some zones have changed since
the project was completed.

The engineering calculations used for the analyses were accepted as an
accurate representation of pre- and post-retrofit conditions. These same
calculations were carried out with the actual occupancy schedules
obtained during the on-site audit. For the areas controlled by occupancy
sensors, the ex ante occupancy estimates were accepted as accurate.




Additional Notes

Impact Results

There are also impacts associated with controlling the temperatures of
the chiller, boiler, and condenser water, which were not estimated in the
ex ante analysis, and are not developed here. The site has undergone
several retrofits that make actual impacts impossible to accurately
model. The boiler system was replaced at roughly the same time as the
EMS retrofit, and a 100-ton chiller was replaced with a new, 225-ton
chiller approximately one year later. There was also a VFD installed on
one of the supply fans, which is covered under a separate application.

KW KWh Therm
MDSS 0.0 118,304.67 9,819
Adjusted 0.0 109,802.87 8,544.56
Engineering
Engineering N/A 093 0.87

Realization Rate




Site 2488: Inputs and Results

Inputs
Parameter Value Units
Load Factor 0.63 -
Cooling Degree Days 420 Days
Chiller Efficiency 1.3 kW/ton
Heating Degree Days 2962 Days
Boiler Efficiency 0.84 -
Results
Ex Ante Ex Post Realization Rate
Fans kWh Therms kWh Therms kWh Therms
S1 and £3 20,053.56 1,146.29 24,684.98 1,411.03 1.23 1.23
$2, S3, S6, E4 and E5 40,470.21 2,174.38 38,560.57 2,079.17 0.95 0.96
S4,E7,and E12 50,447.22 6,498.46 39,235.38 5,054.36 0.78 0.78
E9 7,321.94 N/A 7,321.94 N/A 1.00 N/A
Total 118,304.67 9,819.00 109,802.87 8,544.56 0.93 0.87




Site 2488: Ex Ante Impact Calculations

Supply and Exhaust Fan Savings

Post-Retrofit Conditions

Pre-Retrofit Motor Full Pre- Post-
Hours per Hours per| Hours per Load Retrofit Retrofit kwh
Fan Serves Year Start Time | Stop Time Day Year Horsepower | Efficiency kw kWh kWh Savings
S-1 Lobby, Offices 8,760 6:30 AM 11:30 PM 17 6,205 10 0.85 5.53 48,436 34,309 14,127
S-2 * Fellowship Hall, Chapel 8,760 7:00 AM 7:00 PM 12 2,628 3 0.81 1.74 15,248 4,574 10,674
5-3* Rec Room, Hobby Rooms 8,760 7:00 AM 7:00 PM 12 3,504 3 0.81 1.74 15,248 6,099 9,149
S-4 Dining Room, Kitchen 8,760 5:00 AM 8:00 PM 15 5,475 15 0.86 8.20 71,809 44,880 26,928
S5-6 * Solarium 8,760 7:00 AM 7:00 PM 12 2,628 3 0.81 1.74 15,248 4,574 10,674
E-3 1st Floor, Lobby, Offices 8,760 6:30 AM 11:30 PM 17 6,205 3 0.81 1.74 15,248 10,801 4,447
E-4 * Chapel 8,760 7:00 AM 7:00 PM 12 2,628 1.5 0.80 0.88 7,719 2,316 5,404
E-5* Hobby Rooms 8,760 7:00 AM 7:00 PM 12 3,504 0.5 0.70 0.34 2,941 1,176 1,764
E-7 Kitchen 8,761 5:00 AM 8:00 PM 15 5,475 3 0.81 1.74 15,250 9,530 5,720
E-9 Kitchen 8,760 5:00 AM 8:00 PM 15 6,205 5 0.82 2.87 25,104 17,782 7,322
E-12 Kitchen 8,760 5:00 AM 8:00 PM 15 5,475 5 0.82 2.87 25,104 15,690 9,414
* Occupancy Sensors Added to Reduce Post-Retrofit Operating Hours
Heating and Cooling Savings
Existing Proposed Savings
Heating Heating | Cooling | Heating
Fan cfm Cooling kWh Therms | Cooling kWh| Therms kWh Therms
S-1 4,300 5,071 3,930 3,592 2,784 1,479 1,146
S-2 1,340 1,580 1,225 474 367 1,106 857
S-3 1,060 1,250 969 500 388 750 581
S-4 18,960 22,361 17,329 13,975 10,831 8,385 6,498
$-6 1,150 1,356 1,051 407 315 949 736
Savings Summary
Fan kWh Therms
S1 and E3 20,054 1,146
S2, 53, 56, €4, E5 40,470 2,174
S4, E7, E12 50,447 6,498
E-9 7,322 N/A
Total 118,304.67 9,819




Site 2488: Ex Post Impact Calculations

Supply and Exhaust Fan Savings
Post-Retrofit Conditions
Pre-Retrofit Motor Full Pre- Post-
Hours per Hours per| Hours per Load Retrofit Retrofit kwh
Fan Serves Year Start Time | Stop Time Day Year Horsepower Efficienty kw kWh kwh Savings
S-1 Lobby, Offices 8,760 6:00 AM 9:23 PM 15 5,615 10 0.85 5.53 48,436 31,046 17,390
5-2* Fellowship Hall, Chapel 8,760 7:00 AM 8:00 PM 13 2,847 3 0.81 1.74 15,248 4,956 10,293
S-3* Rec Room, Hobby Rooms 8,760 6:00 AM 8.00 PM 14 4,088 3 0.81 1.74 15,248 7,116 8,132
S-4 Dining Room, Kitchen 8,760 3:30 AM 8:30 PM 17 6,205 15 0.86 8.20 71,809 50,864 20,944
S-6* Solarium 8,760 7:00 AM 7:00 PM 12 2,628 3 0.81 1.74 15,248 4,574 10,674
E-3 1st Floor, Lobby, Offices 8,760 6:00 AM 9:23 PM 15 5,615 3 0.81 1.74 15,248 9,774 5,475
E-4* Chapel 8,760 7:00 AM 8:00 PM 13 2,847 1.5 0.80 0.88 7,719 2,509 5,211
E-5* Hobby Rooms 8,760 6:00 AM 8:00 PM 14 4,088 0.5 0.70 0.34 2,941 1,372 1,568
E-7 Kitchen 8,760 3:30 AM 8:30 PM 17 6,205 3 0.81 1.74 15,248 10,801 4,447
E-9 Kitchen 8,760 3:30 AM 8:30 PM 17 6,205 5 0.82 2.87 25,104 17,782 7,322
E-12 Kitchen 8,760 3:30 AM 8:30 PM 17 6,205 5 0.82 2.87 25,104 17,782 7,322

* Occupancy Sensors Added to Reduce Post-Retrofit Operating Hours

Heating and Cooling Savings
; Existing Proposed Savings
| Heating Heating [ Cooling T Heating
i Fan cfm Cooling kWh Therms | Cooling kWh | Therms kWh Therms
} S-1 4,300 5,071 3,930 3,251 2,519 1,821 1,411
3 S-2 1,340 1,580 1,225 514 398 1,067 827
5-3 1,060 1,250 969 583 452 667 517
S-4 18,960 22,361 17,329 15,839 12,275 6,522 5,054
5-6 1,150 1,356 1,051 407 315 949 736
Savings Summary
Fan kwh Therms
S1 and E3 24,685 1,411
52, 83, 56, E4, E5 38,561 2,079
S4, E7, E12 39,235 5,054
E-9 7,322 N/A
Total 109,803 8,545




Other Customized Equipment (Site 2497)

Program Advanced Performance Options Program
Measure Other Customized Equipment
Site Description Hotel

Measure Description

Summary of Ex-Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Additional Notes

The project consists of nine measures:

Measure 1: Install Variable Frequency Drives (VFD's) on two cooling
tower fans, replacing spray nozzles, allow parallel fan operation, and
lower the condenser water supply setpoint.

Measure 2: Correct reset controls to chiller 1 and 2.

Measure 3: Replace chilled water bypass valve with a motorized valve
and trim impellers on the chilled water pumps to reduce flow.
Measure 4: Improve piping layout to eliminate pumping chilled water
from the heat exchanger through the chiller.

Measure 5: Change air handler AC-1 from constant duct static pressure
to reset based on most sensitive zone.

Measure 6: Adjust fan staging to allow more frequent parallel operation
of three fans in AC-1.

Measure 7: Install an outside air economizer for AC-1.

Measure 8: Modify existing VAV boxes from 50% open to 20% open to
decrease cooling during unoccupied times.

Measure 9: Remove obsolete inlet guide vanes from the existing fans in
AC-1.

A Spreadsheet model was developed which calculates the pre- and post-
retrofit energy usage of the HVAC system.

The baseline for this project is the pre-retrofit HVAC system. The
original ex-ante calculations were modified to reflect more accurate
cooling tower fan motor efficiencies for measure 1, but the final ex-ante
impacts do not reflect this modification.

The evaluation process consisted of reviewing the application form and
supporting documentation, and obtaining the electronic spreadsheet
used for the ex-ante calculations.

The original and revised ex-ante impact calculations were examined in
detail. The revised ex-ante impact calculations represent a more accurate
estimate of the impact for this retrofit, and are accepted as the ex-post
impact estimate. The ex-post impact estimate is higher than the ex-ante
estimate for both energy and demand.

The site also installed an EMS at the time of the retrofit, thereby saving
more energy.



Impact Results

KwW KWh Therm
MDSS 75.3 1,025,633.9 0
Adjusted 83.17 1,076,033.55 0
Engineering
Engineering 1.10 1.05 N/A

Realization Rate




Site 2497: Results

Demand Energy Therms
MDSS 75.30 1025633.90 0.00
QC 83.17 1076033.55 0.00
Realization Rate 1.10 1.05 N/A




Order of Apphcatlon and Summary of the Measure Savings

Existing | Proposed | Energy | Existing | Proposed | Demand
Order End Use Measure kWh kwh Savings | Peak kW | Peak kW | Reduction
1 Cooling Tower Fans 1 140,121 47,486 92,634 33.2 14.0 19.2
2 Chillers 7 773,921, 576,779 197,142 279.0 279.0 0.0
3 Chillers 1 576,779 426,551 150,228 279.0 2493 29.7
4 Chillers 2 426,551 413,225 13,326 2493 2493 0.0
5  [Chillers 8 413,225 271,581 141,644 249.3 249.3 0.0
6 Chillers 9 271,581 270,241 1,340 2493 236.9 12.5
7 Chillers 6 270,241) 268,028 2,213 236.9 236.9 0.0
8 Chillers 5 268,028, 263,060 4,968 236.9 236.9 0.0
9  |Chilled Water Pumps 3 416,498 321,520/ 94,978 48.1 34.6 13.5
10 Chilled Water Pumps 4 321,520 299,492 22,028 34.6 34.6 0.0
11 |Air Handler AC-1 T8 | 604,440 349,341 255,099 1679 167.9 0.0
12 Air Handler AC-2 9 349,341 331,874 17,467 167.9 159.5 8.4
13 Air Handler AC-3 6 331,874 313,659 18,215 159.5 159.5 0.0
14 Air Handler AC-4 5 313,659| 248,907 64,752 159.5 159.5 0.0
Total: 1,076,034 Total: 83.2
Cross Reference of Measures (Attachment 7 vs Site Survey)
Existing | Proposed | Energy | Existing | Proposed | Demand
Att. 7 Site Survey kWh kWh Savings | Peak kW | Peak kW | Reduction
Measure 1 {Equipment Measure 2 716,900| 474,037| 242,863 312.2 263.3 48.9
Measure 2 |Control System Measure 4 426,551 413,225 13,326 2493 2493 0.0
Measure 3 |Equipment Measures 3 & 6 | 416,498| 321,520] 94,978 48.1 34.6 13.5
Measure 4 |Equipment Measure 5 321,520 299,492 22,028 34.6 34.6 0.0
Measure 5 |Control System Measure 3 581,687 511,967 69,719 396.3 396.3 0.0
Measure 6 |Contro} System Measure 2 602,115 581,687 20,428 396.3 396.3 0.0
Measure 7 |Equipment Measure 1 773,921| 576,779| 197,142 279.0 279.0 0.0
Measure 8 |Control System Measure 1 1,017,665| 620,922 396,742 417.2 417.2 0.0
Measure 9 |Equipment Measure 4 620,922 602,115 18,807 417.2 396.3 209
Total; 1,076,034 Total: 83.2
Notes:

Some measures achieve savings in more than one end use. These measures are listed twice in the upper table to reflect the impact
on both end-uses. For example, measure 8 results in both AC-1 fan motor savings and chiller savings.

The order of application measures table is intended insure that energy savings in a specific end use are not double counted.

The attached nine measure analysis summaries relate to the nine measures listed in the cross reference table. The measure data
reflected in Attachment 7 are found in these analyses.




Existing Tower Operation Analysis
(Single 2-Speed Tower and 15 Degree F Approach)

Average Wet Average
Bulb Building
Temperature Cooling Load Heat
{binned (assumed to | Chiller | Rejected | Percent Tower Fan| Total Fan
average TMY never drop | Efficiency | to Tower |Fan Power| Motor | Demand | Energy
OA Temp data) Hours{below 40 tons)] (kW/ton) | (Mbtu/hr) | Required | Efficiency | (kW) {kWh}
31 28.0 1 40 - 544.90 0% - - -
Y 29.5 4 40 - 544,90 0% - - -
33 30.4 7 40 - 544,90 0% - - -
34 313 8 40 - 544.90 0% - - -
35 32.6 7 40 - 544.90 0% - - -
36 32.8 16 40 - 544,90 0% - - -
37 32.8 13, 40 - 544.90 0% - - -
38 34.9 18 40 - 544,90 0% - - -
39 36.0 27 40 -\ 54290 0% i - -
40 37.5 52 40 . 544.90 25% 0.86 8.7 454
1 38.3 46 40 - 544.90 25% 0.86 8.7 401
42 39.3 66 40 - 544.90 25% 0.86 8.7 576
43 40.4 82 40 - 544.90 25% 0.86 8.7 715
44 40.9 120 40 - 54490 25% 0.86 8.7 1,047
45 42.2 21 40 -| 54490 25% 0.86 8.7 1,056
46 429 147 410 - 544,90 25% 0.86 8.7 1,283
47 44.0 190 40 - 544.90 25% 0.86 8.7 1,658
48 451 191 40 - 544.90 25% 0.86 8.7 1.667
49 45.8 265 40 - 544.90 25% 0.86 8.7 2,312
50 46.6 267 40 1.12 697.80 25% 0.86 8.7 2,330
51 47.7 363 40 1.12 697.80 25% 0.86 8.7 3,167
52 48.3 384 40 1.12 697.80 25% 0.86 8.7 3,350
53 49,4 435 40 1.12 697.80 25% 0.86 8.7 3,795
54 50.4 427 53.75 1.01 8§95.18 25% 0.86 8.7 3,726
55 51.2 455 78.125 0.84 1,226.38 25% 0.86 8.7 3,970
56 52.2 504 102.5 0.73 1,550.28 25% 0.86 8.7 4,397
57 53.2 475 126.875 0.62 1,855.87 25% 0.86 8.7 4,144
58 53.7 539 151.25 0.56 2,168.98 25% 0.86 8.7 4,703
59 54.3 455 175.625 0.53 2,490.08 25% 0.86 8.7 3,970
60 35.2 432 200 0.51 2,813.02 25% 0.86 8.7 3,769
61 55.6 343 224375 0.51 3,147.95 100% 0.90 33.2 11,372
62 56.4 309 248.75 0.53 3,499.86 100% 0.90 33.2 10,245
63 56.8 210 273.125 0.54 3,845.77 100% 0.90 33.2 6,963
64 57.5 234 297.5 0.57 4,213.66 100% 0.90 33.2 7,758
65 57.9 230 321.875 0.59 4,575.55 100% 0.90 33.2 7,626
66 58.8 159 346.25 0.61 4,940.77 100% 0.90 33.2 5,272
67 59.1 174 370.625 0.62 5,296.66 100% 0.90 33.2 5,769
68 59.8 133 390 0.63 5,583.47 100% 0.90 33.2 4,410
69 60.2 146 390 0.6 5,583.47 100% 0.90 332 4,841
70 60.8 110 390 0.63 5,583.47 100% 0.90 33.2 3,647
71 61.4 132 390 0.63 5,583.47 100% 0.90 33.2 4,377
72 621 92 390 0.63 5,583.47 100% 0.90 33.2 3,050
73 61.9 60 390 0.63 5,583.47 100% 0.90 33.2 1,989
74 62.4 79 390 0.63 5,583.47 100% 0.90 33.2 2,619
75 61.9 38 390 0.63 5,583.47 100% 0.90 33.2 1,260
76 TTe18 33 " 7390 0.63 5,583.47 100% 0.90 33.2 1,094
77 615 23 390 0.63 5,583.47 100% 0.90 33.2 763
78 61.6 26 390 0.63 5.583.47 100% 0.90 33.2 862
79 62.8 12 390 0.63 5,583.47 | 100% 0.90 33.2 398
80 62.5 18 390 0.63 5,583.47 100% 0.90 332 597
8i 62.8 11 390  |T 063 |5,583.47] 100% 0.90 33.2 365
82 63.5 16 390 0.63 5,583.47| 100% 0.90 33.2 530
83 63.4 1 390 0.63 5,583.47 100% 0.90 33.2 365
84 63.6 11 390 0.63 5,583.47 100% 0.90 33.2 365
85 63.6 5 390 0.63 5,583.47 100% 0.90 33.2 166
86 63.4 5 390 0.63 5,583.47 100% 0.90 33.2 166
87 64.3 8 390 0.63 | 5,583.47| 100% 0.90 332 265
88 65.7 7 390 0.63 5,583.47 100% 0.90 33.2 232
B9 64.7 6 390 063 | 558347 | 100% 0.90 33.2 199
90 65.5 2 390 0.63 5,583.47} 100% 0.90 33.2 66
Totals: 8760 33.2 | 140,121




Proposed Tower Operation Analysis
{Two Towers with Parallel Fans and 5 Degree F Approach)

Proposed
CwWsT
Average Wet Average {Based on Total Fan VFD
Bulb Building SF Brake Efficiency
Temperature Cooling Load Heat Approach | Percent |Horsepower| (from Asea
(binned (assumed to | Chiller | Rejected witha 15 |CFM From| Required 40HP |Tower Fan] Brown | Total Fan
average TMY never drop | Efficiency | to Tower | CHWS Reset | Delta from| One Fan thoth Mator | Demand | Boveri- | Energy
OA Temp data) Hours [below 40 tons)| (kW/ton) | (Mbtuthr) | Temperature | CHWST) | Required | towers)* | Efficiency (kw) *ABB") (kwh)
‘ 31 28.0 [ 40 -] 54490 0.0] NA 0% 0.0 - - B
| 32 295 4 40 | seds0 | T TTon| NA 0% 0.0 - - ST
| 33 30.4 7 a0 <[ sea90 00| NIA 0% 0.0 B - - T
‘ 34 313 [ 40 - | 54490 0.0 NA 0% 0.0 - - - -
35 32.6 7 40 - | saa90 00| NA 0% 0.0 - - - -
36 32.8 16 10 T 54490 00| NA 0% 0.0 - - -
37 32.8 13|, 40 - 54490 00| NA 0% 0.0 - - -
38 349 18 40 -] 54490 0.0[ NA 0% 0.0 - . -
39 36.0 27 40 - | saa90 0.0 NA 0% 0.0 - . - -
20 37.5 52 40 ~|_ 544390 | — 50.4|  53.40 | 12% 1.2 0.935 0 0.94 53
a1 38.3 16 40 Tl 54490 50.4| $3.40 | 12% [ 0.935 1.0 0.94 48
a2 393 66 40 .| 54490 50.4| 53.40 | 13% 13 0.935 1.0 0.94 71
43 40.4 82 40 | 54490 50.4 53.40 | 13% 1.3 0.935 1.0 0.94 90
44 40.9 120 40 RIEZED 50.4| 53.40 | 13% 13 0.935 1.0 0.94 133
45 122 121 40 - | 544,90 50.4|  53.40 | 14% 14 0.935 i 0.94 139
46 42.9 147 40 -1 54490 50.4 53.40 | 14% 1.4 0.935 K 0.94 172
47 44.0 190 40 -1 54490 50.4 53.40 [ 14% 1.4 0.935 K 0.94 227
48 451 191 40 - | 54490 50.4| 5340 | 14% 1.4 0.935 1.2 0.94 234
49 45.8 265 40 - | 54490 50.4 53.40 |  15% 1.5 0.935 12 0.94 330
50 46.6 267 40 -| 544.50 50.4 5340 | 15% 1.5 0.935 1.2 0.94 338
51 47.7 363 40 -] 54490 50.4| 5340 | 15% 15 0.935 1.2 0.94 470
52 48.3 384 40 -| Ts4a90 50.4| 5340 | 15% 1.5 0.935 1.2 0.94 504
53 49.4 435 40 - | saas0 50.4| 5438 16% 1.6 0.935 13 0.94 584
54 50.4 4277 53.75 -] 709.90 50.4| 5540 | 21% 2.1 0.935 1.6 0.94 746
" 55 512 455 78.125 -171,002.40 50.4| 5615 | 29% 2.9 0.935 23 0.94 1,123
56 52.2 504 102.5 -[1,29490 50.4| 5776 38% 3.8 0.935 3.0 0.94 1,607
" 57 532 475 126.875 055 | 1,82634 520/ 67.00 | 53% 5.3 0.935 42 0.94 2,136
" 58 53.7 539 151.25 0.50 | 2.137.18 52.0] 67.00 | 62% 6.2 0.935 4.9 0.94 2,836
59 543 455 175.625 0.47 | 2,455.14 520 6700 | 71% 71 0.935 57 0.94 2,751
60 55.2 432 200 0.45 | 2,774.73 520 67.00 80% 8.0 0.935 6.4 0.94 2,952
el 55.6 343 224.375 0.45 | 3,104.99 52.0]  67.00 | 90% 9.0 0.935 7.2 0.94 2,622
82 | sea 309 248.75 0.47 | 3,450.36 52.0]  67.00 | 100% 10.0 0.935 8.0 0.94 2,625
63 56.8 210 | 273125 0.48 | 3,790.40 510 6600 | 110% 11.0 0.935 8.8 0.94 1,960
64 575 234 297.5 051 4,149.99 50.0{ 6500 | 120% 12.0 0.935 9.6 0.94 2,391
65 579 230 321.875 0.53 | 4,504.25 490 6400 131% 131 0.935 10.4 0.94 2,551
66 58.8 159 346.25 0.54 | 4,861.47 480 6382 141% 14.1 0.935 13 0.94 1,903
67 59.1 174 | 370625 055 | 521039 | 4700 6401 | 151% 15.1 0.935 12.1 0.94 2,232
68 59.8 133 390 0.56 | 549123 460 6482 | 159% 15.9 0.935 12.7 0.94 1,798
69 60.2 146 390 0.56 | 5,491.23 450  65.25 | 160% 16.0 0.935 12.8 0.94 1,988
70 60.8 110 390 0.56 | 5,491.23 "T440| 6584 | 162% 16.2 0.935 12.9 0.94 1,513
71 61.4 132 390 0.56 | 549123 430 66.43 | 164% 16.4 0.935 133 0.94 1,833
BN 62.1 92 390 0.56 | 549123 420] 67.05| 165% 16.5 0.935 132 0.94 1,290
73 61.9 60 390 0.56 | 5,491.23 420" 6693 | 165% 6.5 0.935 132 0.94 840
74 62.4 79 390 0.56 | 5,491.23 420 €735 166% 16.6 0.935 132 0.94 1113
75 61.9 38 390 0.56 | 5491.23 420 6692 165% 16.5 0.935 132 0.94 532
76 61.8 33 390 0.56 | 5,491.23 420| 6679 | 165% 16.5 0.935 13.1 0.94 461
77 615 23 390 | 056 | 549123 220|" 6648 | 164% 6.4 0.935 131 0.94 320
78 616 26 390 0.56 | 5491.23 420 6658 | 164% 6.4 0.935 13.1 0.94 362
79 628 12 | 390 | 056 | 549123 Q0| 6783 | 167% 16.7 0.935 13.4 0.94 170
80 62.5 8 390 | 056 | 5,491.23 420| 6750 | 166% 16.6 0.935 133 0.94 254
81 62.8 1 390 0.56 | 549123 20| 6782 | 167% 16.7 0.935 13.3 0.94 156
P R 350 0.56 | 549123 420\ 6850 | 169% 16.9 0.935 135|094 | 230
83 63.4 1 390 0.56 | 5,491.23 420 6836 169% 16.9 0.935 135 0.94 158
B4 63.6 11 390 056 | 549123 42.0)  68.64 | 169% 16.9 0.935 13.5 0.94 158
85 63.6 5 390 056 | 549123 420 68.60 | 169% 16.9 0.935 13.5 0.94 72
86 63.4 5 390 0.56 | 549123 420 €8.40 | 169% 16.9 0.935 135 0.94 72
87 643 [] 390 0.56 | 5,491.23 420 6925 171% 170 0.935 13.7 0.94 116
- 88 65.7 7 390 0.56 | 549123 420 7071 | 175% 17.5 0.935 14,0 0.94 104
89 64.7 6 390 0.56 | 5,491.23 420 69.67 | 172% 17.2 0.935 13.7 0.94 88
90 655 | 2 390 0.56 | 5,491.23 420 7050 | 174% 7.4 0.935 13.9 0.94 30
Totals: 8760 14.0 47,486
* The 40 HP motors should not be operated belaow about 33% of rated output {or about 27 HP) and the values
inculded here are average powers at each bin since the fans will cycle off and on to maintain the S degrec approach.
Motor and VFD efficencies below the 33% condition are for the respective systems are for actusl minimum speed
(33%%). This is a conservative assumption since this is the lowest efTiciency in both cases.




Chiller Load Regression and Binned Weather Analysis

Note: chiller tonnage for each chiller peaks at the measured
maximum for that chiller

Average Building
Chiller t Tons | Chiller2 Tons | Cooling Load
(based on (based on (assumed to never | Total Building
measured dala | measured data | drop below 40 Ton-hour
(OA Temp| Hours|Percent| and regression) | and regression) tons) Requirement
31 1 [001% -380 634 40 40
32 4 | 0.05% -360 -605 40 160
33 7 | 0.08% 340 576 10 280
34 8 | 009% -320 -548 40 320|  Chiller Energy Consumption with existing free cooling
35 7 | 0.08% 300 -519 40 280 49|Free cooling activation temperature |
36 16 | 0.18% -280 -490 40 640 1,334,346 | Average ton-hours when outside air temp is between 50 and 90 degrees F
37 13 [ 0.15% -260 -461 40 5204 0.58]Average chiller efficiency (kw/ton)
38 18 [ 021% -240 -433 40 720| 773,921 |Annual kWh
39 27 | 031% 220 -404 40 1,080 $61,914|Annual chiller electricity cost
40 52 | 0.59% 200 TTTa3rs| 40 2,080
41 46 ! 0.53% -180 -346 40 1,840
42 66 0.75% 160 318 40 2,640
43 82 | 0.94% -140 289 40 3,280
a4 120 | 1.37% 120 260 T 4,800
45 | 121 | 138% -100 231 40 4,840  Building Load Regression*
a6 | 147 | 1.68% 80 203 40 5,880 Coefficients for Chillers vs OAT
47 | 190 | 2.17% -60 174 T 40| T 7600 Slope | Y-intercept
48 191 | 2.18% 40| 145 40 7,640 Chilier2 { 28.75 -1525
a9 265 | 3.03% 70 176 40 10,600 Chifler 1 20 1000
50 267 | 3.05% 0 -88 40 10,680
51 363 | 4.14% 20 -59 40 |4,520" * Regression is based on measured chiller data and
52 384 | 4.38% 40 -30 40 15,360 was used to determine stope of a best fit straight
53 435 | 4.97% 60 N 40 17,400 line for chiller load (see the chiller load duta/graph
54 427 | 4.87% 80 28 54 22,951|  |in site survey report)
55 455 | 5.19% 100 56 78 35,547
56 504 | 5.75% 120 85 103 51,660
57 475 | 5.42% 140 114 127 60,266
58 | 539 | 6.15% 160 143 151 81,524
59 455 | 5.19% 180 171 176 79,909
60 432 | 4.93% 200 200 200 86,400
61 343 | 3.92% 220 229 224 76,961
62 309 | 3.53% 240 258 249 76,864
63 210 | 2.40% 260 286 273 57,356
64 234 | 2.67% 280 315 298 69,615
65 230 | 2.63% 300 344 322 74,031
66 159 | 1.82% 320 373 346 55,054
67 174 | 1.99% 340 401 371 64,489
68 | 133 [ 1.52% 360 420 390 51,870j
69 146 | 1.67% 360 420 390 56,940
70 110 | 1.26% 360 420 390 42,900
71 132 | 1.51% 360 420 390 51,480
72 92 | 1.05% 360 420 390 35,880
73 60 | 0.68% 360 420 390 23,400
74 79 | 0.90% 360 420 390 30,810
75 38 | 0.43% 360 420 390~ 14,820
76 33 | 038% 360 420 390 12,870
77 23 | 0.26% 360 420 190 8,970
78 26 | 0.30% 360 420 390 10,140
79 12 | 0.14% 360 420 390 4,680
80 18 | 0.21% 360 420 390 7,020
81 11 | 0.13% 360 420 390 4,290
82 16 | 0.18% 360 420 T73%0] T 6,240
CE | 013%| 360 420 390 4,290
" T84 | 17 |043% " 360 T apl T 7390 4,290
85 5 | 0.06% E 7390 1,950
86 5 | 0.06% 360 420 390 1,950,
87 8 | 0.09% 360 "7 a0 390 3,120
88 7 | 0.08% 360 20 390 2,730
89 6 | 0.07% 360 a0 390 2,340
90 2| 0.02% 360 420 350 780,
Totals:] 8760 1,389,586




Hyatt Regency Energy Saving Measures

Measure 1: Retrofit Cooling Towers and Condenser Water System

End Use: Cooling Tower Fans

Total Tower Fan Motor Capacity (2 x 40) 80 hp
Number of Cells Normally Operating '__ T
Simultaneously 1 Hyatt engineering staff
Proposed Number of Cells Operating
Simultaneously 2
Average Fan Motor Power 12.8 kW Measured

Half of cube Taw savings due to increased
Percent Savings 37.5% energy for low CWST
Existing Peak Fan Power 33.2 kW Single tower at full speed
Peak Fan Demand Reduction 19.2 kW Single cell to two cells
Proposed Peak Fan Power 14.0 kW

Existing Annual Hours of Tower Operation

8,760 hrs/yr

Building operates in either free cooling or
chiller cooling for the entire year

Existing Average Tower Fan Energy Use

140,121 kWh/yr

Proposed Average Tower Fan Energy Use

47,486 kWh/yr

Tower Fan Energy Savings

92,634 kWh/yr

End Use: Chillers

olar Ton-nours of Ciller CooNing with
Economizer and ExislinF Free Cooling Operation
e

994,447 Ton-hours/yr

Attached binned weather and economizer
analyses

Total-Ton=hours of Chiller Cooling with
Economizer and New Free Cooling Operation

826,329 Ton-hours/yr

Attached binned weather analysis

FACasUTEd [CONGEIVATIVE asSUmnplion - chifter

Chiller 2 Efficiency at Existing CWST of 78 F 0.58 kW/ton 2 is the most efficient of the chillers)
T Using manufacturer's data Tor CW5T vs
Chiller 2 Efficiency at New CWST of 67 F 0.52 kW/ton efficiency

‘One chillérat max. tons {4657 - unchanged
Existing Peak Chiller Power 279 kW by measure 7
Chiller Peak Demand Reduction 29.7 kW
Proposed Peak Chitler Demand 249 kw

Existing Average Chiller Energy Use

576,779 kWh/yr

Average Chiller Energy Use after Free Cooling is
Improved

479,271 kWhiyr

Based upon proposed use after economizer
and free cooling changes are complete

Proposed Average Chiller Energy Use

426,551 kWh/yr

Including improved chiller efficiency

Total Chiller Energy Savings

150,228 kWh/yr

Total Measure Savings

242,863 kWh/yr

Average Cosl of Electricity

$0.08 per kWh

Annual Cost Savin

$19,429 per year

Not including peak demand savings

H
COSHD'SUppIyanﬁInStaI|‘\lru, Modify Controt
Logic, and to Retrofit Piping System

$54,000

Measure Description

Add one variable speed drive to drive both cooling tower fans synchronously. Change the control algorithm to modulate the fans' speed to a specified
approach temperature. The condenser water supply temperature will likely reach 67 F. The condenser water supply temperature setpoint shall be
controlled to 5 F above the measured wet-bulb temperature. Tower fan energy savings are smaller due to the increase in CFM in order to further lower
the CWST. Chiller 2 is modelled due to its better measured efficiency. rather than the average measured efficiency for both chillers, resulting in smaller
predicted savings.

Proper piping design for this application would suggest a total 60’ of head across the pump resuiting from about 30’ of pipe-loss, 15' across the condenser
barrel, and a 15 rise in elevation at the cooling tower. The reduced head can be achieved with improved piping design including the usc of long-radius
elbows, 45 degree take-offs, removal of redundant valves and pipes, etc. Pricing includes new nozzles for the tower to improve efficiency at the new
flow. See the enclosed drawings. In order to maintain design flow at the lower head, the pump impellers must also be trimmed.




Free Cooling Operation Binned Weather Analysis

Notc: Bold data in the table indicatcs condenscr watcr temperatures ot which
frce cooling operates under the existing and Lhe proposed conditions

Proposed’
Chiller Ton-
Average Existing Base Case Reduced Chiller Ton- hours (after
Building Average Wet {Condenser Water] Base Case | Chifler Energy, Jons hours (after Proposed | Proposed Ton{ economizer and
Chiller 1 Tons| Chiller 2 Tons| Cooling Load Bulb Temperature | Ton-hoursof|  Use{no | Adjusting for|economizer has| Condenser { hours of Free new free
{based on {based an {assumed to Temperature {Measured Free Cooling| economizer { Economizer | been activated Water Cooling with cooling
measured data|measured data| never drop | Total Building|  (binned Average with Existing{ and existing {from with existing | Temperature|  Cooling operation have
and and below 40 Ton-hour | average TMY | Approach = 15 | Free Cooling| free cooling | economizer | free cooling | (Approach = Tower been
OA Temp| Hours| Percent | regression} | regression) tans) Requirement data) Oep F) Operation operation) | bin analysis)|  operation) 5 Deg F} {Improvements| implemented)
3 T | 001% 360 634 40 40 28.0 3.0 0 0 0 0 330 0 o
32 4 0.05% -360 -605 40 160 29.5 44.5 [ 0 0 0 345 0 0]
33 7 0.08% -340 -576 40 280 30.4 45.4 0 [} 0 0 35.4 0 0
34 8 | 0.09% 320 548 40 320 313 6.3 0 4 0 ol 363 0 ~ 9
35 7_| 0.08% -300 519 0 280 32.6 476 0 0 o T ™% 378 0 0
36 16 | 0.18% -280 -490 40 640 32.8 47.8 0 0 0 0 37.8 0 9
37 13 | 0.15% -260 -461 40 520 32.8 47.8 0 0 [ 0 37.8 0 of
38 18_| 021% -240 -433 40 720 349 49.9 0 0 0 0 399 0 off
39 27 0.31% -220 -404 40 1,030 36.0 51.0 [3] 0 0 0 410 0 0|
40 52 | 0.59% -200 -375 40 2,080 37.5 51.5 2,080 0 0 0 42.5 2,080 b
41 46 0.53% -180 -346 40 1,840 38.3 53.) 1,840 0 0 0 43.1 1,840 0
42 66 0.75% 160 <318 40 2,640 39.3 54.3 2,640 4 [+] 0 443 2,640 0
43 82 | 0.94% -140 -289 40 3,200 40.4 55.4 3,280 0 0 0 45.4 3,280 0
44 120 1.37% -120 260 40 4,800 40.9 55.9 4,800 0 0 [ 459 4,800 0
45 121 1.38% -100 231 40 4,840 42.2 57.2 4,840 0 0 [] 47.2 4,840 0|
46 147 | 1.68% -80 -203 40 5,880 42.9 57.9 5,880 0 0 0 479 5,880 0f
47 190 [ 2.17% -60 -174 40 7,600 44.0 59.0 7,600 0 0 0 49.0 7,600 0
48 191 2.18% -40 -145 40 7,640 45.1 60.1 7,640 0 0 0 50.1 7,640 0
49 265 3.03% -20 116 40 10,600 45.8 €0.8 10,600 0 0 0 50.8 10,600 &
50 267 [ 3.05% 0 -84 40 10,680 46,6 61.6 0 10,680 0 10,680 516 10,680 [
51 363 | 4.14% 20 -59 40 14,520 47.7 62.7 0 14,520 0 14,520 52.7 14,520 0|
52 384 [ 4.38% 40 -30 40 15,360 48.3 €3.3 0 15,360 0 15,360 533 15,360 0
53 435 | 4.97% 60 -1 40 17.400 49.4 64.4 4] 17,400 0 17,400 54.4 17,400 0
54 427 | 4.87% 80 28 54 22,951 50.4 65.4 0 22,951 [ 22.951 55.4 22,951 0"
55 455 | 5.19% 100 56 78 35.547 51.2 66.2 0 35.547 37 18,576 56.2 35,547 -16,971
56 504 | 5.75% 120 85 103 51,660 52.2 67.2 0 51,660 49 26,997 57.2 51,660 -24,663
57 475 | 5.42% 140 114 127 60.266 53.2 68.2 0 60,266 61 31,494 58.2 0 31,494
58 539 | 6.15% 160 143 151 81,524 53.7 68.7 0 81,524 72 42,603 58.7 [¢] 42,603
59 455 | 5.19% 180 7 176 79,909 54.3 69.3 0 79,909 84 41,759 59.3 [+] 41,759
~ 60 432 | 493% 200 200 200 86,400 55.2 70.2 [ 86,400 95 45,151 60.2 [4) 45,151
e 343 | 3.92% 220 229 224 76,961 55.6 70.6 0 76,961 95 44,547 60,6 [*] 44,547
62 309 | 153% 240, 258 249 76,864 56.4 71.4 0 76,864 a8 49,749 61.4f o] 49,749
63 210 2.40% 260 286 273 57,356 56.8 7t.8 0 57,356 81 40,346 61,60 [o] 40,346
" 64 234 | 2.67% 280 315 298 69,615 57.5 725 0 69,615 74 52,241 62.5p0 0 52,241
" T65 | 230 | 2.63% 300 344 313 74,031 B R E] | 74,031 68 58,506 62.94 0 58,506
66 159 | 1.82% 320] 373 346 55,054 58.8 738 0 55,054 6) 45,395 63.80 0 45,395
67 174 | 1.99% 340 40! an 64,489 59.1 74.1 0 64,489 54 55,093 64.14 0 55,093
68 133 1.52% 360 420 T T390 51,670 59.8 74.8 0 51,870 47 45,586 64.810 0 45,586
"6 146 | 1.67% 360 420 390 56,940 60.2 75.2 [ 56,940 41 51,027 65.214 0 51,027
70 110 1.26%: 360 420 330 42,900 - 60.8 75.8 0 42,900 34 39,188 65.61 [ 39,188
71 132 1 1.91% 360 420 390 51,480 61.4 76.4 0 51,480 27 47,916 66.4 1 0 47,916
72 92 1.05% 360 420 390 35,880 62.1 77.1 0 35,880 20 34,007 67.1: 0 34,017
73 60 0.68% 360 420 390 23,400 61.9 76.9 0 23,400 14 22.590 66.9 Q 22,590
74 79 0.90% 3601 420 390 30.810 62.4 77.4 0 30,810 7 30.277 67.4 0 30,277
77 38 0.43% 360 420 390 14,820 61.9 76.9 0 14,820 0 14,820 66.9 [4] 14,820
76 33 | 038% 360 420 390 12,670 61.8 7768 0 12,870 0 12,870 66.8 [3] 12,870
77 23 0.26% 360 420 390 8,970 61.5 76.5 0 8,970 0 8,970 66.5 0 8,970
78 26 | 030% 360, 420 390 10,140 61.6 76.6 0 10,140 0 10,140 66.6 0 10,140]
79 12 { 0.14% 360 420 390 4,680 62.8 77.8 0 4,680 0 4,680 67.8 0 4,680
80 18 0.21% 360 420 390 7,020 62.5 77.5 0 7,020 0 7,020 67.5 0 7,020
81 1" 0.13% 360 420 390 4,290 62.8 77.8 0 4,290 Q0 4,290 67.8 o] 4,290
82 16 [ 0.18% 360 420 390 6,240 63.5 78.5 0 6,240 0 6,240 68.5 [} 6,240
83 11 0.13% 360 420 390 4,290 63.4 78.4 0 4,290 0 4,290 60.4 0 4,290
TTed | i | 003% 360 420 390 4,290 63.6 78.6 0 4,250 0 4,290 68.6 0 A,zs;o]
85 5 0.06% 360 420 390 1,950 63.6 78.6 [4 1,950 0 1,950 68.6 0 1,950
86 5 0.06% 360 420 390 1,950 63.4 78.4 0 1,950 0 1,950 68.4 0 1,950
87 8 0.09% 360 420 390 3,120 64.3 79.3 0 3,120 0 3,120 69.3 Q 3,120|
" 88 7 0.08% 360 420 390 2,730 65.7 80.7 0 2,730 4 2,730 707 0 2,730,
89 6 0.07% 360 420 390 2,340 64.7 79.7 0 2,340 0 2,340 69.7 0 2,340
0 2 0.02% 360 420 390 780 65.5 80.5 0 780 0 780 70.5 0 730]
Totals:| 8760 1,389,586 1,334,346 994,447 826,329
SUMMARY
Existing Free Cooling Activation Temp 49 Degrees F
N e - Proposed Free Cooling Activation Temp 56 Defrees F
— Total Hours of Cooling 8,659 Hours
Existing, Free Cooling Hours of Operation 1,280 Hours B
- I Proposed Free Cooling Hours of Operation 4.115 Hours
al Ton-hours of chiller cooting without economizer and with existing free cooling control 1,334,346 Ton-hours
| Total Tan-hours of Chiller Cooling with economizer and existing free cooling 994,447 Ton-hours
Total Ton-hours of Chiller Cooling with economizer and new free cooling operation 826,329 Ton-hours
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Hyatt Regency Energy Saving Measures

Measure 2: Correct Chilled Water Reset Control

End Use: Chillers

Desired Chilled Water Reset Low (OAT/CHWST) 62/52 Deg. F/Deg. F | Control logic
Desired Chilled Water Reset High (OAT/CHWST) 72/42 Deg. F/Deg. F | Control logic
Chiller T Actual Chilled Water Reset Low
(OAT/CHWST) 62/42 Deg. F/Deg. F | Measured
Chiller T"Actual Chilled"Water Reset High
| (OAT/CHWST) 72/42 Deg. F/Deg. F | Measured
| Chiller 2"Actual Chilled Water Reset Low
(OAT/CHWST) - 62/46 Deg. F/Deg. F | Measured
Chiller 2 Actual Chilled Water Reset High
(OAT/CHWST) 72/42 Deg. f/Deg. F | Measured
T T Based on condenser water
Existing Chiller Energy Use 426,551 kWh/yr analysis - measure 1
Annualized binned weather
Annual Energy Savings Correcting OAT Control 13,326 kWh/yr analysis - see attached
Proposed Chiller Energy Use Correcting OAT
Controf 413,225 kWh/yr
Existing Peak Period Demand 249 kW From measure 1
o Reset is operating correctly at
Peak Demand Savings 0 kw peak loads (OAT > 72)
Average Cost of Electricity $0.08 per kWh
Total Annual Savings $1,066 per year
Cost to Modify Control Logic $2,000
Measure Description
Increasing the CHWST by 1 degree F typically improves the chiller's efficiency by 1.2%. The current
JC control system attempts to employ a chilled water reset strategy which simply increasing the CHWST
linearly based on OAT. Our measured data show that the CHWST drops considerably lower than the
setpoint based solely on OAT. This calculation assumes that both chillers are controlled based on the
same new reset strategy.




Chilled Water Reset Binned Weather Analysis

Reduced Tons
i Chiller 1 { Chitler2 |  Adjusting for
‘ Tons (based| Tons tbased|  Economizer Actual Actual
| on \from Chiller1 | Cnitler 2
data and data and economizer | Design Reset Reset Reset
‘OA Temp| Hours| Percent | regression) | regression) anatysis) temp I D
] 1| 0.01% -380 634 0 83.0 42.0 59.1
32 4 | 005% 360 <605 0 B82.0 420 58.7
3] 7| 0.08% 340 576 0 81,0 420 58.3
34 8 | 0.09% -320 548 0 80.0! 420 57.8) Chilled Water Reset Regressions
35 7 | 0.08% 300 519 o 79.0 42.0 574 Design Control CHWST Reset
36 6 | 0.18% 280 490 [ 78.0 420 57.0 OAT__[CHWST] _ Siope Y-intercept
37 13 | 0.15% 260 461 0 77.0 42.0 56.6 72 [} 1,00 114
38 8 | 021% 240 20 0 76.0 20 56.2 62 52
39 27 | 031% 220 404 o 75.0 2.0 55.8] 0, 10
40 52 | 0.59% 200 378 ] 74.0 420 553
[ 46 | 0.53% 180 2336 0 73.0 420 54.9 Actual Control CHWST Reset
42 66 | 0.75% 160 318 0 72.0 42.0 545 OAT__[CHWST| _ Slope Y-intercept
3 82 | 0.94% 140 -289 0 71.0 420 EX) 72 a2 0.42 72 '
44 120 1.37% -120 -260 o 70.0 42.0 53.7 (14 47
5 121 | 138% 100 231 ] 59.0 170 533 7 5
46 147 |_1.68% 80 200 0 68.0 42,0 52.8,
17 190 | 2.7% 60 74 0 67.0 420 514
] 191 | 2.18% 40 145 ] 66.0 42.0 52.0)
49 | 265 | 3.03% 20 116 [ 65.0 420 516
50 767 | 3.05% 0 80 0 64.0 470 512
51 363 | 4.14% 20 59 0 63.0 42.0 50.8
52 384 | 4.38% 40 30 0 62.0 42.0 503
53 435 | 4.97% 60 ] 0 61.0 42.0 49 9)
54| 427 | 4.67% 80 28 0 60.0 420 49.5|
55 | 455 | 5.19% 00 56 37 59.0 42.0 491
56 | 504 | 5.75% 120 85 49 58.0 420 48.7
57| 475 | 5.42% 140 14 61 57.0 42.0 483
58 539 | 6.15% 160 143 72 56.0 420 47.8)
59 | 455 | 5.19% 80 71 84 55.0 42.0 74
60 432 [ 4.93% 200 200 95 54.0 42.0 7.0, | Chiller 1 Chilter 2 ]
61 343 | 3.97% 720 229 95 330 [FX] 46.6| |DeRaT] % EN. Gain®| Delta 7] % EN. Gain" | Avg. Ef. Gain| Avg. Chiller kW~ | Avg. kW Savings sﬂpawmq
62 309 | 3.53% 240 258 88 52.0 420 46—+ 100 12.0%] 58 7.0% 9.5% 84 7.95 2,458
63 210 | 2.40% 260 286 81 51.0 42.0 45890 108%| 53 6.3% 5.6% 100 854 1,794
64 234 ] 2.67% 280 313 74 50.0 420 453 80 96%| 47 5.6% 7.6% 116 8.82 2,065
65 230 | 2.63% 300 344 68 a9.0 420 4a3— 70 BA%| 4 9% 6.7% 132 8.80 2,023
66 159 | 1.82% 320 373 Al 46.0 420 445 60 7.2% 35 2% 5.7% 148 8.46 1,345,
o7 174 | 1.99% 340 201 54 a7.0 42.0 aai—+ 50 60%| 19 3.5% 4.6% 165 782 1,361
68 133 | 1.52% 360 420 47 460 20 B[ 40 8%| 23 7.8% 3.6% 78 .77 901
69 46 | 1.67% 360 420 [ 450 42.0 a3 30 1.6% .8 70% 2.9% 182 518 756)
70 110 | 1.26% 360 420 34 440 420 28— 20 14% 12 14% 1.9% 185 352 387
71 132 | 1.51% 360 420 27 43.0 [FE] aa—[ 10 FY 0.7% 1.0% 189 179 237
72 92 | 1.05% 360 470 70 420 42.0 20—+ 00 0.0%] 0.0 0.0% 0.0% 192 0.00 0
73 €0 | 0.66% 360 470 X 41,0 420 a6 Total kWhiyr:| 13,326
74 79 | 0.90% 360 420 7 40.0 42.0 412
75 38 | 0.43% 360 420 0 19.0 42.0 40 B| * Notes:
76 33 008% 360 20 0 380 220 303 "% EAT. Gain": We assume Gt each degree increase in chilled water supply
77 ) T 526% 360 0 3 370 270 Y] Lempemiture results in 1.2% increase in chiller efficiency (lower kWion)
78 26 | 0.30% 360 420 0 36.0 420 395 based upon past experience with similar ryaiems.
79 7T 014% ) 230 0 350 29 391 “Avg. Chiller kW": Buscd upon improved chiller efficiency (0.52 kWhon)
80 8 | 021% 360 420 ] 34.0 420 387 veth pew tower and cconomizer controls.
81 11| 0.13% 360 420 0 330 420 383
82 T6 | 0.18% 360 420 0 32.0 42.0 37.8
83 11| 0.13% 360 420 ) 310 42.0 74
B4 T | 0.13% 360 420 G 30.0 42.0 37.0)
85 5 | 0.06% 360 420 0 790 420 36.6)
86 5 | 0.06% 360 420 0 28.0 42.0 36.2
87 8 | ooo% 60 420 0 27.0 420 5.8,
88 7 | 0.08% 360 420 0 26.0 420 353
89 5 | 0.07% 360 420 [ 25.0 42.0 4.9
90 7 | 0.02% 360 420 0 240 420 345
Totals:| B760




Hyatt Regency Energy Saving Measures

Measure 3: Trim the Impellers on the Chilled Water Pumps and
Replace the Water Bypass Valve with a Motorized Valve

End Use: Chilled Water Pumps

[Current Average pressure Drop al 70 psit -
Bypass Control During Chiller Cooling 124 feet w.g. Measured
Current Average Pressure Drop at 70 psi
Bypass Control During Free Cooling 144 feet w.g. Estimated
Average Pressure Drop with New Bypass
Control During Chiller Cooling 140 feet w.g. Estimated
Average Pressure Drop with New Bypass
Control During Free Cooling 160 feet w.g. Estimated
Current Average Chilled Water Flow 1,300 GPM Measured
Average Chilled Water Flow with New To bring system back to the
Bypass Control and Impeller Length 930 GPM design flow
Pump tificiency at Existing Conditions
During Chiller Operation 70% From manufacturer's specs
Pump Eificiency at Existing Conditions
During Free Cooling Operation 72% From manufacturer's specs
Pump Efficiency at Propased Conditions T
During Chiller Cooling 77% From manufacturer's specs
Pump Eificiency at Proposed Conditions
During Free Cooling 77% From manufacturer's specs
Shait’Power Reduction During Chiller Pump formula{verified with
Operation 15.3 hp pump curve)
PumpiormulaTverified with
Shaft Power Reduction During Free Cooling 17.1 hp pump curve)
Estimated based upon design
Motor Efficiency 85% specs
Input Power Reduction During Chiller
Operation 13.5 kW
Input Power Reduction During Free Cooling 15.0 kW
Existing Pump Demand During Chiller— — 7|~ Measured (essentially constant at
Cooling 48.1 kW all loads)
Estimated from manufacturer's
Existing Pump Demand During Free Cooling 54.9 kW specs
Peak operaiion involves chiller
Proposed Pump Peak Demand 34.6 kW cooling, not free cooling
Proposed Pump Demand During Free
Cooling 39.9 kw
[ Total Hours of Pump Operation (Chiller and
Free Cooling) 8,659 hrs/yr From measure 1 analysis
Existing Annual Hours of Free Cooling
Operation 1,280 hrs/yr From measure 1 analysis
Proposed Annual Hours of Free Cooling Based on’improved free cooling
Operation 4,115 hrs/yr from measure 1
Existing Pump Encrgy Use 416,498 kWh/yr
Proposed Pump Energy Use 321,520 kWh/yr
Annual Energy Savings 94,978 kWh/yr
Average Cost of Electricity $0.08 per kWh
- ; Not including peak demand
Annual Cost Savings $7,598 per year savings
Costof Trimming both'impellersand
Replacing the Bypass Valve $13,000

Mexviltctyesteipionps are overpumping the chillers. Rather than closing valves and introducing pressure drop into the
system, the impellers should be trimmed to reduce the flow. The manufacturer's data shows that this not only reduces
power outpul, it also increases pump efficiency.

The current bypass valve employs a constant setting for pressure control which was factory set at 70 psi. However, the
building normally operates at about 85 psi at the point where the pressure measurement is taken - causing the valve to
remain open most of the time. The valve should be replace with a motorized valve controlled based on a remote
pressure reading. The pressure reading should be taken at least 2/3 downstream along the longest pipe run to insure that
the longer runs are not starved when the bypass valve is opened. Due to this remote reading, a connection to the control
system will be best to relay the desired valve position to the valve actuator.




Hyatt Regency Energy Saving Measures

Measure 4: Re-pipe Heat Exchanger Chilled Water Supply

End Use: Chilled Water Pumps

txustlng System vressure UI’Op in Chiller

Assumed based on changes from

Operation 140 feet w.g. measure 3
Estimated based on flow data and
Existing Pressure Drop In Free Cooling Operation 160 feet w.g. heat exchanger specifications
Measured (amount of reduction
Pressure Drop Across Chillers 20 feet w.g. possible with measure)
Proposéd Pressure Drop in Free Cooling
Operation 140 feet w.g.
PUMmp Efficiency at Existing Chiller Cooling Based on measure 3 and
‘|Conditions 77.2% manufacturer's specs
Pump Etficiency at Existing Free Cooling Based on measure 3 and
Conditions : 77.3% manufacturer's specs
Pump Efficiency at Proposed Free Cooling
Conditions 77.2% From manufacturer's specs
o Assumed based on changes from
Average Chilled Water Flow 930 GPM measure 3
T ‘Pump formula(verified with
Shaft Power Reduction During Free Cooling 6.0 hp pump curve)
B ‘Estimated based upon design
Motor Efficiency 85% specs
Input Power Reduction During Free Cooling 5.3 kW
Assumed based on changes trom
Existing Pump Demand During Chiller Operation 34.6 kW measure 3
Existing Pump Demand During Free Cooling
Operation 39.9 kW
The 'moditications result'in oft-
Pump Peak Demand Reduction 0.0 kW peak operation changes
Proposed Pump Power During Free Cooling 34.6 kW

Total Hours of Pump Operation (Chiller and Free
Cooling)

8,659 hrs/yr

From measure 1 analysis

Annual Hours of Free Cooling Operation

4,115 hrs/yr

Based on improved free cooling
from measure 1

Existing Total Pump Energy Use

321,520 kWh/yr

From measure 3

Proposed Total Pump Energy Use

299,492 kWh/yr

Annual Energy Savings

22,028 kWh/yr

Average Cost of Electricity

$0.08 perkWh

Annual Cost Savings

$1,762 per year

Cost to Modify Chilled Water Supply Piping

$7,000

Not including peak demand =~
savings

-Piping modification-and-3-new—
pneumatic valves

Measure Description

The heat exchanger was designed to operate in parallel with the chillers on both the chilled and
condenser water sides. However, the piping to allow this on the chilled water side is not
constructed to allow this. When combined with the changes from measures 3 and 12, this
measure will maximize the system's ability to "free cool.”




Hyatt Regency Energy Saving Measures

Measure 5: Use a Static Pressure Setpoint Reset for AC-1

End Use: Air Handler AC-1

Current Supply Fan Static Pressure Setpoint

1.4 inches w.g.

Proposed Average Supply Fan Static Pressure
Setpoint with New Reset Control

1.2 inchesw.g.

JC control system

Ratio Reduced Duct Static Pressure 0.86
Ratio Reduced Supply Fan Power 0.79 Fan law savings

- ~ 7777 77] The'modifications result mostly in
Peak Fan Power Reduction 0 kW off-peak operation changes

Existing Average Fan Energy

313,659 kWh/yr

From measure 6

Proposed Average Fan Energy Use

248,907 kWh/yr

Total Fan Energy Savings

64,752 kWh/yr

End Use: Chillers

Existing Average Total Fan Power 36 kW Measured
Proposed Average Total Fan Power with New
Reset Control 28 kW
Existing Average Parasitic Fan Motor Heat Load
on Chillers 10.2 tons
Proposed Average Parasitic Fan Motor Heat Load
on Chillers 8.1 tons
Chiller Efficiency 0.52 kW/ton From measure 2
The modifications result mostly in
Peak Demand Reduction 0 kw off-peak operation changes

Annual Hours of Chiller Operation

4,544 hrs/yr

Annualized binned analysis for
measure 1

Total Chiller Energy Use

268,028 kWh/yr

From measure 6

Existing Average Parasitic Fan Motor Load on
Chillers

24,063 kWh/yr

Proposed Average Parasitic Fan Motor Load on
Chillers

19,095 kWh/yr

Proposed Total Chiller Energy Use

263,060 kWh/yr

Total Chiller Energy Savings

4,968 kWh/yr

Total Measure Energy Savings

Average Cost of Electricity

69,719 kWh/yr

$0.08 per kWh

Annual Cost Savings

Cost to Modify Fan Control and Sensors

__$5,578 per year

$8,000

Measure Description

The static pressure setpoint for AC-1 is 1.4". This setpoint is not necessary at all times. It should be slowly lowered
until the most sensitive zones are identified. Then, a temperaturc sensor in the return duct from those zones can be
used to reset the static pressure setpoint. This strategy greatly reduces the energy used by the fans.




Hyatt Regency Energy Saving Measures

Measure 6: Optimize the Operation of AC-1 Supply Fans

End Use: Air Handler AC-1

[Number of rans Normally peraung

Simultaneously 2
Proposed Numberof Fans Normally Operating -
Simultaneously . 3
Average Fan Motor Power 30 kW Measured
Assumed about 10% of cube law

Percent Savings 5% fan savings
Average Power Reduction 3.3 kW

) The moditications result mostly in
Peak Fan Power Reduction 0 kw off-peak operation changes

Existing Average Fan Energy

331,874 kWh/yr_

Proposed Average Fan Energy

313,659 kWh/yr

From measure 9

Total Fan Energy Savings

18,215 kWh/yr

End Use: Chillers

Chiller Efficiency 0.52 kW/ton From measure 2
The modifications resulf mostly in
Peak Chiller Demand Reduction 0 kw off-peak operation changes

Annual Hours of Chiller Operation

4,544 hrs/yr

Annualized binned analysis for
measure 1

Total Chiller Energy Use

270,241 kWh/yr

From measure 9

Existing Average Parasitic Fan Motor Load on
Chillers

40,322 kWh/yr

Proposed Average Parasitic Fan Motor Load on
Chillers

38,109 kWh/yr

Proposed Total Chiller Energy Use

268,028 kWh/yr

Total Chilter Energy Savings

2,213 kWh/yr

Total Measure Energy Savings

20,428 kWh/yr

Average Cost of Electricity

$0.08 per kwh |

Annual Cost Savings

$1,634 per year

Cost of Changing VFD Control Logic

$3,000

Measure Description

easily implemented.

The supply fans in AC-1 are controlled in stages to maintain a duct static pressure leading to operation
dominated by only two fans. Since the power consumed by a fan increases with the cube of the air flow,
operating all three fans at low speed will be more efficient than operating two at a higher speed. The motors are
in the airstream, so parasitic losses are also reduced. The fans are currently on VFDs, so this modification can be




Hyatt Regency Energy Saving Measures

Measure 7: Implement Economizer Cycle in AC-1 and,

if Necessary, Add Booster Fans to Outside Air Intake

End Use: Chillers

Specified Minimum Qutside Air Volume 57,000 CFM From drawings

Assumed based on fixed damper
Existing Minimum Outside Air Volume 10,000 CFM position
Maximum Total Air Delivered by AC-1 146,000 CFM From drawings

Assumed (higher during day, lower at
Average Total Air Delivered by AC-1 75,000 CFM night)

Current Facility Outside Air Temperature
Balance Point

50 Degrees F

Temperature below which no
cooling is required

Assumed Annual Average Return Air
Temperature

75 Degrees F

After modification to VAV boxes in
meeting rooms and conference

Chiller 2 Efficiency at Existing CWST of 78 F

0.58 kW/ton

Measured {conservative assumption -
chiller 1 is not more efficient)

773,921 kWh/yr

Based on bin weather analysis - see
attached

Potential Energy Savings

197,142 kWh/yr

Based on economizer analysis - see
attached

Proposed Total Chiller Energy Use

576,779 kWh/yr

Existing Peak Period Demand

279 kw

Peak Demand Reduction

0 kW

Single chiller at max. capacity (465

tons)
The modifications result in only off-

peak operation changes

Average Cost of Electricity

$0.08 per kWh

Annual Cost Savings

$15,771 per year

Measure Cost

$40,000

Not including peak demand savings

"$10;000 fordampers;etc-+$5,000—

each for 6 booster fans

Measure Description

in the building.

Inspection revealed that the economizer damper is stuck in a mostly closed position. In this climate, the psychrometric
conditions of the outside air are often suitable for direct space cooling, and the stuck damper prevents the unit from taking
advantage of nature's free gift. The economizer dampers should be fixed to let in the maximum volume of outside air
when the outside air is cooler than the return air. When the outside air is warmer than the return air, the economizer
damper should be set to take in the minimum quantity of outside air to satisfy the occupancy requirements. In
conjunction with this measure, the exhaust fans in the atrium will need to be controlled to maintain a stable static pressure




Hyatt Regency Energy Saving Measures

Measure 8: Modify Ballroom and Meeting Room

VAV Boxes to Reduce Excess Cooling

End Use: Air Handler AC-1

Current VAV Box Minimum Position 50%, VAV box supplier's data
Total' CFMTn AIIFAC-T VAV Boxes at Current 50% of max CFM for all VAV
Minimum 90,000 CFM boxes on AC-1 (estimated)
Total"CFMTin Ballloom and Meeting Rooins af 50% of max CFMfor all VAV™
Current Minimum 47,000 CFM boxes in ballrooms and meeting
Proposed VAV Box Minimum Posifion During
Occupied Hours (6 am to 12 midnight) 20%
Proposed VAV Box Minimum Position During
Unoccupied Hours (12 midnight to 6 am) 0%
AIFACT"VAV boxes running af

Total CFM New Minimum (occupied hours) 36,000 CFM 20%

| TFM6f non-bailroom and non-
Total CFM New Minimum (unoccupied hours) 25,800 CFrM meeting room areas only
Current Average Fan Supply CFMToccupied and
unoccupied hours) 110,000 CFM Estimated
Average Fan Motor Power 30 kW Measured
NUmb&r 6f Fans Nornally Operating
Simultaneously During VAV Minimum Operation 2
Proposed Hotirs of Operation at New Mifimum
Position (occupied hours) 6 hrs/day Estimated
Proposed Hours of Operation at Fully Closed
Position (unoccupied hours) 6 hrs/day
Annual Total Hours of 2 Fan Use 6,132 hrs/yr Estimated

Existing Total Average Fan Energy

604,440 kWh/yr

2 and 3 fan aperation

Existing Fan Energy USe at VAV Box Minimum
Settings Before Control Modifications

262,800 kWh/yr

Pioposed Fan Energy at VAV Box Minimum
Settings After Contra! Modifications

7,701 kWh/yr

Proposed Total Average Fan Energy

Total Fan Energy Savings

- 349,341 kwh/yr

255,099 kWh/yr

Peak AC-t Fan Power

© 168 kW

Peak AC-} Fan Demand Reduction

0 W

All 3 fans at 60 hz
“The'modificatlons result mostly-tn—

off-peak operation changes

End Use: Chillers

Average Supply Air Delta T

10 Degrees F

Measured

Existing Chiller Capacity Dedicated o These
Spaces During Minimum and Unoccupied Hours

394,200 ton-hrsfyr

Praposed Chiller Capacity Dédicated to These
Spaces During Minimum and Unoccupied Hours

121,808 ton-hrs/yr

Chiller £2 Efficiency

0.52 kW/ton

From measure 1 after tower retrofit

Total Chiller Energy Use

413,225 kWh/yr

From measure 2

Existing Chiller Energy Dedicated 1o These
Spaces During Minimum and Unoccupied Hours

204,984 kWh/yr

Proposed Chiller Energy Dedicated o These
Spaces During Minimum and Unoccupied Hours

63,340 kWh/yr

Proposed Tota! Chiller Energy Use

271,581 kWh/yr

Total Chiller Energy Savings

141,644 kWh/yr

Peak Chiller Demand

Peak Chiller Demand Reduction

L LA

0 kW

Fram measure 2
“The'modiflcations result mostlyin~

off-peak operation changes

Total Measure Savings

396,742 kWh/yr

Average Cost of Electricity

$0.08 per kWh

Annual Cost Savings

Cost of VAV Box Control Modifications

__53_1 ,739 per year.

$40,000

——] "Approximately*$400-perbox for—

100 VAV boxes

mmaaupmon the VAV boxes are currently 50% of the box maximum. In the meeting rooms and

. this resulls in considerable energy loss when the rooms are unoccupied or when cooling is not needed.
Reset the box minimums to allow for a 20% minimum when cooling is not needed during normal hours and to
completely close at night when the spaces are not in usc. Savings from this simple change reverberate throughout the
system, but only the most obvious savings are included in this calculation.




Hyatt Regency Energy Saving Measures

Measure 9: Remove Inlet Guide Vanes on AC-1 Supply Fans

End Use: Air Handler AC-1

Air Handler Motor Size 75 hp

Average Motor Power (each) 30 kw Measured
Estimated Efficiency Gain 5% Manufacturer's data
Existing Peak Period Fan Power Demand 168 kW From measure 8
Peak Period Fan Power Demand Reduction 8.4 kW

Proposed Peak Period Fan Power Demand 159.5 kw

Existing Average Fan Energy

349,341 kWh/yr

From measure 8

Proposed Average Fan Energy

331,874 kWh/yr

Total Fan Energy Savings

17,467 kWh/yr

End Use: Chillers

Existing Average Total Fan Power 39.9 kW

Proposed Average Total Fan Power 37.9 kw

Existing Average Parasitic Fan Motor Heat

Load on Chillers 11.3 tons

Proposed Average Parasitic Fan Motor Heat

Load on Chillers 10.8 tons

Average Chiller Efficiency 0.52 kW/ton From measure 2
Existing Peak Period Chiller Demand 249 kW From measure 8
Peak Chiller Demand Reduction 12.5 kW

Proposed Peak Chiller Demand 237 kW

Annual Hours of Chiller Operation

4,544 hrs/yr

Annualized binned analysis for

measure 1

Total Chiller Energy Use

271,581 kWh/yr

From measure 8

Existing Average Parasitic Fan Motor Load on
Chillers

26,800 kWh/yr

Chilters

Proposed Average Parasitic Fan Motor Load on

25,460 kWh/yr

Proposed Total Chiller Energy Use

270,241 kWh/yr

Total Chiller Energy Savings

1,340 kWh/yr

Total Measure Energy Savings

18,807 kWh/yr

Average Cost of Electricity

$0.08 per kWh

Annual Cost Savings

$1,505 per year

Not including peak demand

savings

Cost of Removing Guide Vanes

$2,000

Measure Description

The supply fans in AC-1 originally used inlet vane contro! to maintain a constant static pressure for the
variable air volume system. These fans were later retrofitted with VFDs, but the original inlet guide vanes
were left in place. These vanes are no longer used and obstruct the air-flow into the fan even when the
vanes are fully open. Removing the vanes will allow air to eater the fan more easily which can reduce the
fan's power by 5%.




Installation of EMS (Site 2541)

Program

Advanced Performance Options Program

Measure

Installation of Energy Management System

Site Description

College/University

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Additional Notes

Impact Results

Install a fully integrated energy management system (EMS) to control

the HVAC and lighting equipment on college campus.

Impacts were developed using DOE2.1E simulation program based on
climate zone, building type, and plant usage characteristics.

The correct climate zone, building characteristics, plant type, and

schedules were used in the application calculations.

The evaluation process consists of a review of the application form and
supporting documentation. After a thorough review of the application
and replication of several of the impact calculations, an on-site audit was
deemed unnecessary. Ex ante estimates are accepted as accurate.

KW KWh Therm
MDSS 0 376,640 26,768
Adjusted 0 376,640 26,768
Engineering
Engineering N/A 1.00 1.00

Realization Rate




Chiller & Cooling Tower Replacement (Site 2542)

Program Retrofit Efficiency Options Program

Measure High Efficiency Water-Cooled Chiller and
Oversized Cooling Tower

Site Description College

Measure Description
Summary of Ex Ante
Impact Calculations

Comments on PG&E

Calculations

Evaluation Process

Replace existing water-cooled chiller and cooling tower with a 350-ton
high-efficiency water-cooled chiller and an oversized cooling tower.

Tables of standard values were developed using the HBSSM simulation
program based on climate zone, chiller size, building type, chiller
efficiency, condenser water temperature, wet-bulb temperature, and
cooling tower approach temperature. Values from these tables are used
to calculate the rebate and associated impacts.

The application calculations used the correct business type, climate zone,

chiller size, cooling tower approach temperature, chiller efficiency, and
building size.

The evaluation process consists of a review of the application form and
supporting documentation, conducting an on-site survey and then
computing impacts using the on-site data.

The on-site survey was conducted on August 10, 1999 in Fresno (Climate
Zone 13). Information on the retrofit equipment and operating
conditions was collected through an inspection of the chiller and through
an interview with the Plant Engineer.

Discussions provided data for development of a relationship between
chiller loading and outdoor dry bulb. The chiller is available from 6:00
am to 10:00 pm, including summer. The chiller is brought on line
between 70 and 74 degrees F outside air temperature. The contact stated
that the chiller is fully loaded at approximately 115 degrees F.

Models are calibrated with actual weather, observed chiller run hours
since the installation, chiller loading under extreme outdoor temperature
conditions, chilled water temperature, condenser water temperature, and
cooling tower approach temperature. Energy impacts are based on
typical weather data. A Title 24 baseline, nominal efficiency, and typical
year bin weather data for the applicable climate zone are used in the bin
analysis. To compute the impacts, the following assumptions were used:

* A linear loading strategy was used for the analysis of both the
baseline and rebated chillers, which assumed initial loading at 70

degrees F and 100% loading at 115 degrees F.

¢ Based on a water-cooled screw chiller greater than 300 tons, a
baseline Title 24 efficiency of 0.748 KW /ton was used.

Chiller efficiencies at various temperatures were calculated from




updated default performance coefficients provided in a memo to the
California Energy Commission titled “1995 Proposed Changes to the
ACM Manual Central Plant Cooling Equipment” by Mark Hydeman.
These coefficients were used to develop a chiller efficiency curve for the
Rebate case and a Title 24 base case. Both evaluation-based energy and
demand impacts were lower than Ex Ante estimates for the chiller, and
for the cooling tower evaluation-based energy impacts were lower and

‘ demand impacts were higher than Ex Ante estimates. Results from these

| calculations are summarized below and documented in the attached
workbook.

Additional Notes

Cooling Tower Impact Results

KW KWh Therm
MDSS 30.8 168,590.89 0
Adjusted 42.66 36,861.25 0
Engineering
Engineering 1.38 0.22 N/A
Realization Rate
Chiller Impact Results
Kw KWh Therm
MDSS 86.8 317,858.23 0
Adjusted 74.61 75,202.20 0
Engineering ;
Engineering 0.86 0.24 N/A
Realization Rate




Site 2542: Results

Chiller Results Energy Demand Cooling Tower Results Energy Demand
Savings impact Impact Savings Impact Impact
MDSS 317,858 86.8 MDSS 168,591 30.8
QC 77,514 75,202 75 QC 35,119 36,861 43
Realization Rate 0.24 0.86 Realization Rate 0.22 1.38
Pre-Retrofit Chiller Post-Retrofit Chiller
Nom. Eff 0.7 Nom. Eff 0.486
Nom. Tons 350 Nom. Tons 350
nom kw 245 nom kw 170.1
Annual Operating Annuval Energy
Outdoor DB Operating Hours Tons Outout Efficiency | Annual Energy | Peak Demand Qutdoor DB Operating Hours Tons O Efiiciency | Energy Use | Peak Demand H Use
Temperature (F) | per year (Actual) ons Qutpu (kW/Ton) |Use (kWhiyear) (kw) Temperature (F) per year (TMY) ons Output (kW/Ton) | (kWhiyear), (kw) ours per year (kWhtyear),
(TMY) (Actual (Actual)
112 0.00 350 0.624 0.00 0.00 12 0.00 350 0.433 0.00 0.00 0.00 0.00
107 30.00 N 0.584 5,978.20 199.27 107 4.29 341 0.405 592.94 138.35 30.00 4,150.58
102 100.00 298 0.583 17,331.82 173.32 102 82.29 298 0.404 9,901.63 120.33 100.00 12,033.24
97 184.00 254 0.586 27,380.05 148.80 97 185.14 254 0.407 19,127.65 103.31 184.00 19,009.58
92 303.00 210 0.599 38,100.16 125.74 92 295.43 210 0.416 25,791.40 87.30 303.00 26,452.40
87 325.00 166 0.626 33,846.73 104.14 87 353.86 166 0.435 25,585.83 72.31 325.00 23,499.30
82 379.00 123 0.686 31,842.14 84.02 82 431.14 123 0.476 25,149.10 58.33 379.00 22,307.54
77 404.00 79 0.830 26,409.26 65.37 77 430.14 79 0.576 19,522.06 45.39 379.00 17,200.94
72 338.00 35 1.377 16,295.69 48.21 72 411.71 35 0.956 13,781.30 33.47 379.00 12,686.26
Totals 2063.00 197,184.05 199.27 Totals 2,194.00 139,451.92 138.35 2,079.00 137,139.83
Title 24 Baseline Chiller Post-Retrofit Chiller w/ Coolong Tower
Nom. Eff 0.748 Nom. Eff 0.486
Nom. Tons 350 Nom. Tons 350
nom kw 261.830 nom kw 170.1
Annual Operating Annual Energy
Outdoor DB Operating Hours Tons Output Efficiency | Annual Energy | Peak Demand Outdoor DB Operating Hours Tons Output Efficiency Energy Use | Peak Demand Hours per year Use
Temperature (F) per year (TMY) (kW/Ton) |Use (kWh/year) (kW) Temperature (F) per year (TMY) (kW/Ton) {kWh/year), (kW) {Actual (kWh/year),
(TMY) (Actual)
112 0.00 350 0.667 0.00 0.00 112 0.00 350 0.308 0.00 0.00 0.00 0.00
107 429 34 0.624 912.69 212.96 107 4.29 341 0.280 410.13 95.70 30.00 2,870.89
102 82.29 298 0.623 15,241.29 185.22 102 82.29 298 0.279 6,841.63 83.14 100.00 8,314.49
97 185.14 254 0.627 29,442.61 159.03 97 185.14 254 0.282 13,255.15 71.59 184.00 13,173.33
92 295.43 210 0.640 39,699.92 134.38 92 295.43 210 0.291 18,036.40 61.05 303.00 18,498.65
87 353.86 166 0.669 39,383.50 111.30 87 353.86 166 0.310 18,232.24 51.52 325.00 16.745.39
82 431.14 123 0.733 38,711.25 89.79 82 431.14 123 0.351 18,547.22 43.02 379.00 16,304.10
77 430.14 ° 7 0.887 30,049.72 69.86 77 43014 79 0.451 15,287.85 35.54 404.00 14,358.69
72 411.71 35 1.472 21,213.14 51.52 72 - 411.71 35 0.831 11,980.05 29.10 404.00 11,755.58
Totals 2,194.00 214,654.12 212.96 Totals 2,194.00 0.00 102,590.67 95.70 2,129.00 102,021.13




Site 2542: Inputs to Model

Parameter Value Reported [  Units of Parameter Notes
City Fresno
Climate Zone 13
Pre-Retrofit Nominal Chiller Capacity 350 Tons Application
Pre-Retrofit Nominal Chiller Efficiency 0.7 kWrton E Source
Pre-Retrofit Cooling Tower Approach Temperature 16 F Contact provided estimate
Post-Retrofit Nominal Chiller Capacity 350 Tons Application
Post-Retrofit Nominal Chiller Efficiency 0.486 kWi/ton From Chiller Rating Sheet
Post-Retrofit Cooling Tower Approach Temperature 3.5 F Application
Baseline Chiller Efficiency 0.748 kW/ton Title 24 Nominal Efficiency for Chiller > 300 Tons
Chiller AM Lockout 6:00 AM Contact provided schedule; M-Sat
Chiller PM Lockout 10:00 PM Contact provided schedule; M-F, 8pm on Sat
Chiller Startup OSA Temperature 70 F Contact provided estimate
Chiller Max Load OSA Temperature 110 F Contact provided estimate
Chilled Water Supply Temperature Setpoint 46 F Contact provided setpoints; Chiller is on Manual Operation
Condenser Water Temperature 76 F Contact provided setpoints; Chiller is on Manual Operation
Date of Chiller Instatlation 6/21/97 Contact provided estimate
Date at Run Hour Reading 8/10/99 Chiller Log
Number of Days Chiller Operated 547 days (M-F Only) = ((Read Date - Install Date) * 5/7) - 10 Holidays
Run Hours for New Chiller 3454 hours Documented from Chiller Log
Average Hours per Year of Chiller Operation 1645.84 Hours/Year {(M-F Only) | = (Run Hours for New Chiller / Number of Days Chiller Operated) * 365 Days/Year * 5/7
Predicted Run Hours Since Install Using Actual Weather & Setpoints 4639.00 hours Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details
Predicted Hours per Year Using Actual Weather Data & Setpoints 2063.00 Hours/Year (M-F Only) Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details




Site 2542: Post-Retrofit Chilier

Centrifugal Chiller (Water-Source) a b c d e
Capacity Correction (Tout, Tin) -0.29861976 | 0.02996076 ; -0.00080125 | 0.01736268 | -0.00032606] 0.00063139
Part Load Efficiency (PLR) 0.17149273]  0.58820208 0.23737257 i E -
Ternp Efficiency (Tout, Tin) { 051777196 -0.00400363]  0.00002028 0.00698793]  0.00008290]  -0.00015467
Nom. Eff 0.486
Nom. Tons 350
nom kw 170.1
Current Data Calculated Values Efficiency
Qutdoor Part Load Ambient
Tem[p))zra(u Tons Output CO;::::H Supply temp Ccall;r;i?t;’ Pa:alt.izad Adjustment  Adjustment EIR Ccop kW/Ton
re to EIR to EIR
12 350 82 48 353 1.000 1.00 0.89 0.1232 8.12 .0.433
107 N 80.7 50.7 358 0.975 0.97 0.84 0.1153 8.67 0.405
102 298 80.0 50.0 358 0.850 0.84 0.84 0.1150 8.69 0.404
97 254 79.3 49.3 359 0.725 0.72 0.84 0.1158 8.64 0.407
92 210 78.7 48.7 359 0.600 0.61 0.84 0.1182 8.46 0.416
87 166 78.0 48.0 360 0.475 0.50 0.84 0.1237 8.08 0.435
82 123 773 47.3 360 0.350 0.41 0.84 0.1354 7.38 0.476
77 79 76.7 46.7 360 0.225 0.32 0.84 0.1639 6.10 0.576
72 35 76 46 360 0.100 0.23 0.85 0.2720 3.68 0.956

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chitler Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

O.SBBZOZOBJ

CAPFT ! -0.29861976 0.025996076| -0.00080125 0.01736268 -0.00032606) 0.00063139
EIRFT l 0.51777196]  -0.00400363, 0.00002028 0.00698793 0.00008299 -0.00015467
EIRFPLR i 0.17149273] 0.23737257 E -

CAP-FT = A + (B x CHWS} + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.




Site 2542: Baseline Chiller

Centrifugal Chiller (Water-Source) a b C d e f

Capacity Correction (Tout, Tin) -0.29861976 | 0.02996076 | -0.00080125 | 0.01736268 | -0.00032606] 0.00063139
Part Load Efficiency (PLR) 0.17149273] " 0.58820208] ~ 0.23737257 - B .
Temp Efficiency (Tout, Tin) 051777196 -0.00400363] 0.00002028]  0.00698793]  0.00008290 -0.00015467

Post-Retrofit Chiller

Nom. Eff 0.748
Nom. Tons 350
nom kw 261.829787
Current Data Calculated Values Efficiency
Outdoor Part Load Ambient
Tengratu Tons Output Co;:r:nser Supply temp Currer.ﬂ Part L'oad Adjustment  Adjustment EIR cor kW/Ton
p Capacity Ratio
re to EIR to EIR
112 350 82 48 353 1.000 1.00 0.89 0.1897 5.27 0.667
107 341 80.7 50.7 358 0.975 0.97 0.84 0.1775 5.63 0.624
102 298 80.0 50.0 358 0.850 0.84 0.84 0.1771 5.65 0.623
97 254 79.3 49.3 359 0.725 0.72 0.84 0.1782 5.61 0.627
92 210 78.7 48.7 359 0.600 0.61 0.84 0.1820 5.49 0.640
87 166 78.0 48.0 360 0.475 0.50 0.84 0.1904 5.25 0.669
82 123 77.3 47.3 360 0.350 0.41 0.84 0.2085 4.80 0.733
77 79 76.7 46.7 360 0.225 0.32 0.84 0.2523 3.96 0.887
72 35 76 46 - 360 0.100 0.23 0.85 0.4187 2.39 1.472

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hy,

deman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)
-0.29861976]  0.02996076]  -0.00080125]  0.01736268] -0.00032606]  0.00063139
0.51777196] -0.00400363]  0.00002028]  0.00698793]  0.00008290]  -0.00015467

0.17149273 "~ 0.58820208]  0.23737357| = g 1

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chitled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + {C x PLR x PLR}
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992,




Site 2542

Pre-Retrofit Chiller

Centrifugal Chiller (Water-Source) a b d e f
Capacity Correction (Tout, Tin) {77-029867976 | 0.02996076 | -0.00080125 | 0.01736268 -0.00032606]  0.00063139 |
Part Load Efficiency (PLR) 0.17149273]  0.58820208 0.23737257 - ]
Temp Efficiency (Tout, Tin) 0.51777196]  -0.00400363 0.00002028 0.00698793]  0.00008290)
Post-Retrofit Chiller
Nom. Eff 0.7
Nom. Tons 350
nom kw 245
Current Data Calculated Values Efficiency
Outdoor Part Load Ambient
Tem?)zralu Tons Output Co::;nser Supply temp Cu"efﬂ Part L.oad Adjustment  Adjustment EiR corp kW/Ton
p Capacity Ratio
re to EIR 1o EIR
112 350 82 48 353 1.000 1.00 0.89 0.1775 5.64 0.624
107 341 80.7 50.7 358 0.975 0.97 0.84 0.1661 6.02 0.584
102 298 80.0 50.0 358 0.850 0.84 0.84 0.1657 6.04 0.583
97 254 793 493 359 0.725 0.72 0.84 0.1668 6.00 0.586
92 210 78.7 48.7 359 0.600 0.61 0.84 0.1703 5.87 0.599
87 166 78.0 48.0 360 0.475 0.50 0.84 0.1782 5.61 0.626
82 123 77.3 47.3 360 0.350 0.41 0.84 0.1951 5.13 0.686
77 79 76.7 46.7 360 0.225 0.32 0.84 0.2361 4.24 0.830
72 35 76 46 360 0.100 0.23 0.85 0.3918 2.55 1.377

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Chan

0

0.00063139)

CAPFT : -0.29861976, 0.02996076 -0.00080125| .00 736263! -0.00032606
EIRFT i 0.51777196]  -0.00400363 0.00002028; 0.00698793i 0.00008290] -0.00015467,
EIRFPLR 0.17149273 0.58820208, 0.23737257 —1. E

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.

ges to the ACM Manual -- Central Plant Cooling Equipment)




Site 2542: Weather Data for Saturday
TMY temperature data for climate zone 13
Temp ] 0:00] 1:00] 2:00] 3:00] 4:00] 5:00 6:00] 7:00] 8:00] 9:00] 10:00] 11:00] 12:00{ 1 3:00] 14:00] 15:00]16:00| 17:00] 18:00{ 19:00] 20:00{ 21:00] 22:00{ 23-00] On Hours

22

27 g 3 3

32 4 6 103415 19| 19| 7 2 4 4 4
37 27 | 32| 34|34 37|32 (26| 17] 8 ] 2 H 7 ] 9 17 26

3
a7 50 [S4164]65] 65]55]|48145[38]24] 20| 15 11 9 9 8 14 19 29 | 26 33 42 | 49 50
52 61 | 61161 [59])356)53[49)48] 49| 43| &1 35 15 249 | 23 1 30 | 45 41 39 58 | 60 | 56 55
57 43 | 42| 4144 ] 48] 42138 39] 36] 39 46 46 42 41 41 39 42 42 49 43 47 37 44 50
62 35| 441 52]63 ] 55{464 39]36] 37| 35 36 37 19 38 43 37 4l 36 40 38 16 40 29 33
67 53| 52]40f 213y 47| 48|39} 3731 26 | 27 36 39 1 1 36 | 33 32 28 | 25 22 28 {1 39 39
72 33| 26 22323 [ 1720 27 | 41 42 [ 37 33 13 26 23 27 5 24 27 25 32 3 37 47 42 | 60.28571
77 15| 8 5 1 1 6 f18]35[139]41] 39] 36| 29 30§ 27 6 | 25 | 24 32 | 30 ] 4 42 | 29 25 ] 61.57143

81 3 [ 2 13| 33 45 44 35 39 16 35 5 30 35 28 38 3 27 18 9 64

B7 2 12 | 31 18 42 39 3 27 19 36 27 42 6 17 ] 1 56

N2 1 6 25 | 36 37 39 | 42 43 | 39 | 37 26 | 12 2 49

97 3 15 | 3 36 | 36 3 3 27 | 27 10 30.85714

102 8 15 | 22 27 19 5 13.71429

107 1 1 3 0.714286

112 0
st

‘On Hours 47 [ 91 [127[160] 182 | 197 | 209 | 211 | 217 | 219 | 200 | 182 | 163 | 148 136.14

TMY values are scaled by 177 to account for Saturday operation only
Actual temperature by hour from 06/21/97 to 08/10/99

Temp 10:00] 1:00] 2:00] 3:00] 4:00] 5:00] 6:00] 7:00] B8:00j 3:00] 10:00] nﬁmz:oo 13:00}14:00] 15:00 lG.BDll :00] 18:00] 19:00) 20:00] 21:00} 22: 0‘2]:00 On Houn

2
27
32 . . . . . .
37 . . . . 1 1 . . -
42 1 2 2 2 1 i 2 i . . - . . . . . 1
47 1 . 2 2 4 4 1 1 - . . . 1 1 . - - 1 1 1 1 2
52 7 9 9 10| 16| 12 9 7 4 3 2 1 1 1 1 2 2 2 1 1 1 2 2 6
57 7|18 718 7 6 {10 5 3 3 3 2 1 1 1 1 3 3 5 7 8 10
62 12{10f 15018 19 161 14 9 10{ 9 5 3 4 h] 3 3 3 2 6 6 7 12 11 8
67 13{18J15)15[14]18F19] ¢ 9| 6 9 8 4 4 2 4 5 7 5 7 6 3 7 9
72 16141 12[10] 11 8 117 9112 7 5 8 5 7 [ [3 6 5 6 7 9 14 14 107
77 815 513 2 | 2 619188 9 i1 7 9 6 5 4 5 5 9 1 11 11 13 m
82 2 3 2 1 1 5 9119 13 8 7 7 7 7 8 9 11 7 12 16 9 5 118
87 2 . . . . . - )] 3 6 13 16 12 B 10 10 8 7 13 16 12 7 5 3 123
92 . . . - . . - . 1 2 & 9 14 18 17 16 17 18 13 9 4 140
97 1 2 4 a 9 7 9 9 9 5 2 1 i 65
102 1 2 2 5 4 5 1 20
107 . . . . . - . . . . - 1 2 2 1 1 - . . - . 7
112 . - . . - . . . . . - . - . . . . . . - . . . 0
s e
On Hours| 15| 32| 40| 48 50 54 58 59 61 59 58 55 53 49 691.00

Acwal temperature by hour from 08/11/98 w 08/10/99
YRR e
Temp | 0:00] 1:00] 2:00] 3:00] 4:00] 5:00] 6:00{ 7:00} 8:00] 9:00{ 10:00] 11:00] 12:00 1 3:00] 14:00] 15:00] 16:00] 17:00] 18:00{ 19:00] 20:00] 21:00 22:00[ 23:00] On Houns

22 ;

77 - i
37 . |
37 R E N |
42 1 1 1 1 . . 1 1 . . 1 ‘
7 T lzlz[31z]31 [ 7] -1_ i P P P [l T I O O

52 alal2|s3[3 s 3 sl | 11 [ I I N v P P P P )

57 2[5 6| 6] 5 ajsl2fji ] vl it v vl v il i[2z]21l2132]3]4]c%s

62 5|7 E 2 A A N A O I O 3 I O e B T O D I B B

67 5 7 6 7 7 8 3 5 3 7 5 1 1 1 1 . 2 ] 4 4 1 1 4

72 61 a3 2|33l 8+ 71 3131513 T1 3] 4] 1l 313l 317¢e 2]

77 2 1 2 2 1 1 4 3 8 3 5 7 4 5 3 3 3 2 5 4 5 [ 4 5B

82 1 2 1 3 1 8 & k] 4 5 5 5 4 6 1 6 7 1 k] 56

7 T 31 v 4 ) 6 [ 6] 3 41 43359 a|3[3f1 51

92 2| 21 2 | Sl 71717186 +]3]2 55

97 V| 3 [ 2 2f 22 2]3]3 20

107 V| 7 [ 2| 2] 10

107 . . . . . . . . . . . . 1 1 . . . . - . 2

12 . . . . . . . . . . . . . - . . . . . . . . . . 0

et
On Hours| 5 [tafis]l 2] 21 24 27 27 | 27 27 | 27 { 25 24 | 21 306.00




Site 2342; Weather Data for Monday-Friday
IMY temperature data for climate zone 13

Temp_]0:00] 1:00] 2:00] 3:00] 4:00] 5:00] 6:00] 7:00] 6:00] 3:00] 10:00] 11:00] 12:00] 13:00] 14:G0] 15:00] 16:00] 17:00] 1 600} 1 5:00] 20:00] 21:00] 22:00] 23:00] On Hours
22
27 T3 ] 3
12 a] 6 [w]|a[ 519 19] 7 2 | & | 4| 2
37 Q27|37 34| 7|2 [0l 7] 8] 1 2 | 5| 7 16| 9] v7]2
2 |l |ar[7faz[a[ a0 5] 813 3133157 [wlislw|a]az]n
47 50|54 64|65 | 65f55|aB] 45 38 24] 20§ v5 [ 11 | 91 5 [ 81 14| 19| 29 ] 76 [ 33| 42| 49 | 50
52|61 |6l [ 61|59 56153 49| 48 [49| 49] 41 § 35 § 25 | 24 | 21 | 23 | 30 | 45 | 41 | 59 ] 58 | 60 | 56 | 55
57 |43} 42 [ a1 | 44 [48| 42 [ 38 39 [ 36| 39| 46 [ 4G | 42 | 41 | 41 | 39 | 42 | 42 | 494 43 | 47 | 37 | 44 | 50
62 | 35] 44 | 57| 63 | 55 |46 | 39 36 |37 35| 36 | 37 [ 39 | 38 | 43 [ 37 { 41 [ 36 | 40 { 38 | 36 [ 40 | 29 | &8
67 | 53| 52 40| 21 [ 33|47 | 48] 39 | 37 31| 26 1 27 1 36 | 39 ] 31 | 36 | 33 | 37 | 28 | 25 | 37 | 28 | 39 | 39
77 f33|26|22[ 7317|2027 av {4z 37 ) 351 33 | 26 | 231 27 | 25 | 24 | 27 | 25 1 32 [ 33 | 37 | 47 | 47 | 351486
77 J51 8 [ 5] 11 11 6 {i6]35 (3941 | 9] 36| 290 | 30 ] 37 | 26 ] 25 | 24 | 32 | 30 | 43 | 4z | 29 | 25 |368.5714
52 3 [} 7 |13 (3345t a4 | 35 | 39 | 36 | 35 | 35 | 30 | 35 | 28 ] 38 | 39 | 27 ] 18 | 9 J36z.1429
87 2 12| 31 38 42 39 31 27 29 36 27 42 36 17 8 1 297.8571
2 1| 61 25 [ 36| 37 ] 39| 42 ] 43 ] 39| 37 | 26§ 121 2 7464280
97 3 15 N 36 3t 31 27 27 10 154.2857
102 8 | 15| 22 | 7] 9] 5 6857143
107 [ 3571429
112 o
On Houn 47| 91 [ 12711601 182 | 197 | 209 | 211 ] 217 ] 219 200 ] 182 ] 1631 1481 134 ] 114 1857.86
TMY values are scaled by 577 to account lor Monday - Eriday operation only
Actual temperature by hour from 06/21/97 to 08/10/99
Temp J0:00] 1:00] 2:00] 3:001 4:00] 5.00] 6:00] 7:00] 8:00] 5:00] 10-00] 11:00] 12:00] 13:00] 14:00] 15:00] 16:00] 17:00] 16-00] 15-00] 20:00] 2 1:00] 22:00] 23:00] On Hours
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32 T
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7 Jolualvlvv]alarjaolwjz7fs ] 1131231313313+ 321670
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67§ 49| 46 [ 48] 57 | 60| 63 | 60 55 {4451 36 [ 29 J 30 | 22 | 17 | 6 | 16 ] 23] 29 ] 42 ] 2| 45§ 45 | @7
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77§50 47 137) 30§ 26| 24 | 45| 50 [ 53| 47 | 42 | 40 [ 44 | 47 | 40 | 35 | 38 | 43 | 42 | 40 | +a | 47 | 59 | €0 | €97
82 B33[26{20] 03] 9| 11| 15| 3952]|60] 52| 48 | 38 | 32 | 32 | 36 | 39 | 35 [ 39 [ 45 | 51 | 60l a8 [ .1 | e73
@ Fis| o} 5] 2] 1| 1313|3146 57| 56] 40| 49| 41 | 41 ] 38 43| 48] 54 ] 54 | 37 ] 24 | 21 ] €60
52 V | 2] 24 ]| 40 | 45 | 58] 52 ] &1 | 51 [ 5t | 51 [ 57 [ 4826 ] 22 13 ] 3 589
97 7 | 39| 35 | o1 { 5 [ 55 [ 52| 54 | 52 |32 ] 21| 6] 3 | 1 38
102 3 [ 12| 2af 29| 37 [ 9] 32 [ 2a [ 6] 4 220
107 T | 2] 9 W]t 3] 6|2 [5)
112 P P O - A R T T A P - 3
— ——
On Hours| 112] 155 197] 227 261 | 278 | 284 | 292 | 299 | 299 | 296 | 286 ] 2711 248 ] 231 ] 212 3948.00
Actual temperature by hour from 08/11/98 1o 08/10/99% 4
Temp ]0:00] 1:00] 2:00] 3:00] 4:00] 5:00] 6:00] 7:00] 8:00] 5:00] 10.00] 11:00] 12,00] 13:00] 14:00 17:00] 18:00] 19:00] 20:00] 21:00] 22:00] 23:00] On Hours
22
27
32 1
37 - A R I P 1. 1 -
2 2 |3 [ 3|21l 7] . 1 1 P N AT N A I
7 7166 7]oinlel 7 s T[]+l 22131 :21z21::z7]z1l<1s5 ][
5] 7 8 5|20 |23]2af 15[ 9] a4 5] 521 .1 [V [ s [+ [31 217213
57 J0(29]29 29 {30035 22 2] 6] 3| « | 1 4] &« 4] s3] 23] 71wzl
62 Qo289 27 |2al27| 4| ealae] 27| 0] 21 71 3 413 [ 70 a6 7] w]iz] 15123
67§23 (23|26 7727|2925 252433 1 {10 2] 6] 9 w0l 8] 9] ] 7] 30]28][25
72 2722t afizfas[ 222 N 23 11 5 7 7 7 12 21 25 28 21 16 25 284
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Site 2542: Weather Data
TMY tcmperature data for chmale zone 13
Temp  { On Hours
22

27

32
37

42

47

52
57

62
67

72 411.7143

77 430.1429

82 431.1429

87 353.8571

92 295.4286

97 185.1429

102 82.28571

107 4.285714

112 0
On Hours] 2194.00

Actual temperature by hour from 06/21/97 to 08/10/99
Temp ] On Hours

22

27

32

37

42

47

52

57

62

67

72 712
77 808
82 9
87 783
92 729
97 503
102 240
107 70
112 3

o
On Hours] 4639.00

Actual femperature by hour from 08/11/98 to 08/10/99
Termp | On Hours

22

27

32

7

42

47

52

57

62

67

72 138
77 404
82 379
a7 325
92 303
97 184
102 100
107 30
112 0

On Hours] 2063.00




Chiller & Cooling Tower Replacement (Site 2670)

Program Advanced Performance Options Program

Measure High Efficiency Water-Cooled Chillers and
Cooling Tower

Site Description Health Care/Hospital

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Replace 2 existing 225-ton water-cooled chillers with 300-ton high-
efficiency water-cooled chillers and replace cooling tower with oversized
cooling tower.

Impacts were developed using DOE2.1E simulation program based on
climate zone, building type, and chiller characteristics.

The correct climate zone and building characteristics were used in the
application calculations. However, the simulation modeled one 400-ton
chiller instead of two 225-ton chillers. This error also resulted in an
incorrect baseline efficiency of 0.747 kW /ton. The incorrect chiller
caused the model to underestimate the energy impacts associated with
the chiller and cooling tower retrofit.

The evaluation process consists of a review of the application form and
supporting documentation, conducting an on-site survey and then
computing impacts using the on-site data.

The on-site survey was conducted on August 11, 1999 in Fresno (Climate
Zone 13). Information on the retrofit equipment and operating
conditions was collected through an inspection of the chillers and
through an interview with the Building Maintenance Superintendent.

Discussions provided data for development of a relationship between
chiller loading and outdoor dry bulb. The two chillers, chiller #1 and
chiller #2 are operated in a lead /lag configuration. Once the lag chiller is
brought on line, the two chillers split the load with the lead chiller
running 10 to 20% higher than the lag chiller. The chillers are alternated
between lead and lag approximately once per week. The chillers are
available 24 hours per day, 7 days per week. The lead chiller is brought
on line at 55 degrees F outside air temperature. The lag chiller is brought
on line at 80 degrees F outside air temperature. The contact stated that
the chillers have never been fully loaded, and estimated that the chillers
reached 70% loading for the lead chiller and 50% loading for the lag
chiller at 107 degrees F outside air temperature.

Models are calibrated with actual weather, observed chiller run hours
since the installation, chiller loading under extreme outdoor temperature
conditions, chilled water temperature, and condenser water temperature.
Energy impacts are based on typical weather data. A Title 24 baseline,
nominal efficiency, and typical year bin weather data for the applicable
climate zone are used in the bin analysis. To compute the impacts, the
following assumptions were used:




¢ Alinear loading strategy was used for the analysis of both the
baseline and rebated chillers, which assumed initial loading of chiller
#1 at 55 degrees F and 100% loading at 80 Degrees F. At this point,
chiller #2 comes on line, and both chillers operate until the lead
chiller reaches 70% loading and the lag chiller reaches 50% loading
at 107 degrees F. Both chillers have not reached 100% loading yet.

e Based on a water-cooled chiller between 150 and 300 tons, a baseline

Title 24 efficiency of 0.837 KW /ton was used.

¢ The new cooling tower provides energy savings of 0.01 kW /ton for

each degree decrease in approach temperature.

Chiller efficiencies at various temperatures were calculated from
updated default performance coefficients provided in a memo to the
California Energy Commission titled “1995 Proposed Changes to the
ACM Manual Central Plant Cooling Equipment” by Mark Hydeman.
These coefficients were used to develop a chiller efficiency curve for the
Rebate case and a Title 24 base case. Both evaluation-based demand and
energy impacts were higher than Ex Ante estimates. Results from these
calculations are summarized below and documented in the attached

workbook.
Additional Notes
Impact Results
KW KWh Therm
MDSS 58 180,468.06 0
Adjusted 125.04 337,345.75 0
Engineering
Engineering 2.16 1.87 N/A

Realization Rate




Site 2670: Results With Cooling Tower

Impacts Energy Demand
MDSS 180,468 58
QC 337,346 125
Realization Rate 1.87 2.16
Title 24 Baseline Chiller 21 Post-Retrofit Chiller £1
| Nom. Eff 0.837 Nom. Eff 0.57
| Nom. Tons 300 Nom. Tons 300
3 nom kw 251.143 nom kw 171
! . , Annual , Annual Energy
| Outdoor DB gge:ung Tons Output Efficiency | Annual Energy | Peak Demand Outdoaor D8 gperallng Tons Output Efficiency Energy Use { Peak Demand Hoo'raserz‘:ngear Use
Temperature (F) urs per ons Dutpu {kW/Ton) | Use (kWh/year) (kW) Temperature {F) ours per ons Dutpu (kw/Ton) (kWh/year), (kW) urs per y (kWh/year),
year (TMY) year (TMY) {Actual)
(TMY) (Actual)
12 0.00 222 0.772 0.00 171.30 112 0.00 222 0.465 0.00 103.32 0.00 0.00
107 5.00 210 0.770 808.67 161.73 107 5.00 210 0.464 487.62 97.52 2,870.00 279,891.43
102 96.00 198 0.771 14,655.37 152.66 102 96.00 198 0.465 8,838.18 92.06 0.00 0.00
97 216.00 186 0.775 31,118.23 144.07 97 216.00 186 0.467 18,777.45 86.93 12.00 1,043.19
92 345.00 174 0.781 46,899.39 135.94 92 345.00 174 0.472 28,331.40 82.12 54.00 4,434.48
87 418.00 162 0.792 53,617.68 128.27 87 418.00 162 0.479 32,444.64 77.62 125.00 9,702.34
82 544.00 150 0.807 65,851.15 121.05 82 544.00 150 0.489 39,941.21 73.42 254.00 18,649.02
77 606.00 250 0.722 109,339.26 180.43 77 606.00 250 0.431 65,357.72 107.85 4,139.00 446,395.39
72 722.00 200 0.731 105,622.89 146.29 72 722.00 200 0.438 63,253.29 87.61 339.00 29,699.26
67 842.00 150 0.787 99,425.84 118.08 67 842,00 150 0.476 60,119.80 71.40 385.00 27,489.46
62 965.00 100 0.957 92,307.68 95.66 62 965.00 100 0.591 57,061.13 59.13 410.00 24,243.59
57 1,021.00 50 1577 80,526.54 78.87 57 1,021.00 50 1.014 51,766.50 50.70 411,00 20,838.43
Totals 5,780.00 700,172.69 180.43 Totals 5,780.00 426,378.95 107.85 8,999.00 862,386.59
Title 24 Baseline Chiller 22 Post-Retrofit Chiller #2
Nom. Eff 0.837 Nom. Eff 0.57
Nom. Tons 300 Nom. Tons 300
nom kw 251.143 nom kw 171
. . Annual , Annual Energy
Outdoor DB gperaung Tons O Efiiciency | Annual Energy | Peak Demand Outdoor DB gperatlng Tons O Efficiency Energy Use | Peak Demand H Operalrlng . Use
Temperature (F) ours per ons Qutput (kW/Ton) | Use (kWh/year) (kW) Temperature (F) ours per ons Output {kW/Ton) (kWh/year), (kW) ours per yea (kWh/year),
year (TMY} year (TMY) (Actual)
(TMY) (Actual)
112 0.00 162 0.827 0.00 133.94 112 0.00 162 0.503 0.00 81.48 0.00 0.00
107 5.00 150 0.842 631.78 126.36 107 5.00 150 0.514 385.17 77.03 35.00 2,696.18
102 96.00 138 0.864 11,445.83 119.23 102 96.00 138 0.528 6,998.44 72.90 107.00 7,800.35
97 216.00 126 0.893 24,310.07 112.55 97 . 216.00 126 0.548 14,919.46 69.07 224.00 15,472.03
92 345.00 114 0.932 36,674.16 106.30 92 345.00 114 0.575 22,611.17 65.54 370.00 24,249.67
87 418.00 102 0.985 42,001.75 100.48 87 418.00 102 a.611 26,040.30 62.30 434.00 27,037.06
82 544.00 90 1.056 51,722.68 95.08 82 544.00 90 0.659 32,279.72 59.34 553.00 32,813.76
Totals 1,624.00 166,786.27 133.94 Totals 1,624.00 103,234.26 81.48 1,723.00 110,069.04

Note: The effect of the new cooling tower is a 0.01 kW/ton decrease per degree decrease in approach temperature for the post-retrofit case only.




Site 2670: Results Without Cooling Tower

Impacts Energy Demand
MDSS 180,468 58
QC 276,658 100
Realization Rate 1.53 1.73

Title 24 Baseline Chiller #1

Post-Retrofit Chiller #1

Nom. Eff 0.837
Nom. Tons 300
nom kw 251.143
Outdoor DB (l-)lgs::‘:;% Tons Output Efficiency | Annual Energy [ Peak Demand
Temperature (F) year (TMY) (kwW/Ton) | Use (kWh/year) (kW)
112 0.00 222 077 0.00 171.30
107 5.00 210 077 808.67 161.73
102 96.00 ‘198 077 14,655.37 152.66
97 216.00 186 0.77 31,118.23 144,07
92 345.00 174 078 46,899.39 135.94
87 418.00 162 0.79 53,617.68 128.27
82 544.00 150 0.81 65,851.15 121.05
77 606.00 250 072 109,339.26 180.43
72 722.00 200 073 105,622.89 146.29
67 842.00 150 0.79 99,425.84 118.08
62 965.00 100 0.96 92,307.68 95.66
57 1,021.00 50 1.58 80,526.54 78.87
Totals 5,780.00 700,172.69 '180.43
Title 24 Baseline Chiller #2
Nom. Eff 0.837
Nom. Tons 300
nom kw 251.143
Operating L
QOutdoor DB Hours per | Tons Output Efficiency | Annual Energy | Peak Demand
Temperature (F) year (TMY) (kW/Ton) | Use (kWh/year) (kW)
112 0.00 162 0.83 0.00 133.94
107 5.00 150 0.84 631.78 126.36
102 96.00 138 0.86 11,445.83 119.23
97 216.00 126 0.89 24,310.07 112.55
92 345.00 114 093 36,674.16 106.30
87 418.00 102 0.99 42,001.75 100.48
82 544.00 90 1.06 51,722.68 95.08
Totals 1,624.00 166,786.27 133.94

Nom. Eff 0.57
Nom. Tons 300
nom kw 171
. Annual ; Annual Energy
QOutdoor DB ggs:lgﬁ Tons Output Efficiency Energy Use | Peak Demand H:\)J?se;)ae[rmygear Use
Temperature (F) (kW/Ton) | (kWh/year), (kW) {(kWh/yean),
year {TMY) TMY) {Actual) (Actual)
112 0.00 222 0.53 0.00 116.64 0.00 0.00
107 5.00 210 0.52 550.62 110.12 2,870.00 316,053.43
102 96.00 198 0.52 9,978.66 103.94 0.00 0.00
97 216.00 186 0.53 21,188.01 58.09 12.00 1,177.11
92 345.G0 174 0.53 31,933.20 92.56 54.00 4,998.24
87 418.00 162 0.54 36,507.60 87.34 125.00 10,917.34
82 544.00 150 0.55 44,837.21 82.42 254.00 20,935.02
77 606.00 250 0.49 74,447.72 122.85 4,139.00 508,480.39
72 722.00 200 0.50 71,917.29 99.61 339.00 33,767.26
67 842.00 150 0.54 67,697.80 80.40 385.00 30,954.46
62 965.00 100 0.65 62,851.13 65.13 410.00 26,703.59
57 1,021.00 50 1.07 54,829.50 53.70 411.00 22,071.43
Totals 5,780.00 476,738.75 122.85 8,999.00 976,058.27
Post-Retrofit Chiller 82
Nom. Eff 0.57
Nom. Tons 300
nom kw 173
. Annual . Annual Energy
Outdoor D8 gzj::m:j Tons Output Efficiency | Energy Use | Peak Demand Hooufse”::niar Use
Temperature (F) P PU T kwiTon) | kwWhiyean), kW) Peryear! whiyean),
year (TMY) (TMY) {Actual) {Actual)
112 0.00 162 0.56 0.00 9t.20 0.00 0.00
107 5.00 150 0.57 430.17 86.03 35.00 3,011.18
102 96.00 138 0.59 7,793.32 81.18 107.00 8,686.31
97 216.00 126 0.61 16,552.42 76.63 224.00 17,165.47
92 345.00 14 0.63 24,970.97 72.38 370.00 26,780.47
87 418.00 102 0.67 28,598.46 68.42 434.00 29,693.14
82 544.00 90 0.72 35,217.32 64.74 553.00 35,799.96
Totals 1,624.00 113,562.66 91.20 1,723.00 121,136.52




Site 2670: Inputs to Model

Parameter Value Reported{  Units of Parameter Notes
City Fresno
Climate Zone 13
Pre-Retrofit Nominal Chiller Capacity 225 Tons Application
Pre-Retrofit Nominal Chitler Efficiency 1.044 kW/ton Application
Number of Pre-Retrofit Chillers 2
Post-Retrofit Nominal Chiller Capacity 300 Tons Application
Post-Retrofit Nominal Chiller Efficiency 0.57 kW/ton From Chiller Rating Sheet
* Number of Post-Retrofit Chillers 2
Baseline Chiller Efficiency 0.837 kW/ton Title 24 Nominal Efficiency for Chiller >= 150 Tons and < 300 Tons
Pre-Retrofit Cooling Tower Approach Temperature 10.0 F Application
Post-Retrofit Cooling Tower Approach Temperature 4.0 F Application
Chiller AM Lockout 4:00 AM Contact provided schedule; Chiller is on Manual Operation
Chiller PM Lockout 9:00 PM Contact provided schedule; Chiller is on Manual Operation
Chiller #1 Startup OSA Temperature 55 F Contact provided estimate
Chiller #1 Max Load OSA Temperature 110 F Contact provided estimate
Chiller #2 Startup OSA Temperature 72 F Contact provided estimate
Chiller #2 Max Load OSA Temperature 115 F Contact provided estimate
Chilled Water Supply Temperature Setpoint 44 F Contact provided setpoints; Chiller is on Manual Operation
Condenser Water Temperature Setpoint 77 F Contact provided setpoints; Chiller is on Manual Operation
Date of Chiller #1 Installation 4/1/99 Contact provided estimate
Date of Chiller #2 Installation 1/20/99 Contact provided estimate
Date at Run Hour Reading 8/11/99 Chiller Log
Number of Days Chiller #1 Operated 122 days = ((Read Date - Install Date) * 5/7) - 10 Holidays
Number of Days Chiller #2 Operated 193 days = ((Read Date - Install Date) * 5/7) - 10 Holidays
Run Hours for Chiller #1 1488 hours Documented from Chiller Log
Run Hours for Chiller #2 1258 hours Documented from Chiller Log
Average Hours per Year of Chiller #1 Operation 4451.80 Hours/Year = (Run Hours for New Chiller / Number of Days Chiller Operated) * 365 Days/Year * 5/7
Average Hours per Year of Chiller #2 Operation 2379.12 Hours/Year = (Run Hours for New Chiller / Number of Days Chiller Operated) * 365 Days/Year * 5/7
Predicted Run Hours Since Install Using Actual Weather & Setpoints 2870.00 hours Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details
Predicted Hours per Year Using Actual Weather Data & Setpoints 1723.00 Hours/Year Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details




Site 2670: Post-Retrofit Chiller #1

Centrifugal Chiller (Water-Source) a b c d e f
Capacity Correction (Tout, Tin) 0.58531422 0.01539593 ] 0.00007296 .0.00212462 |  -0.00000715]  -0.00004597
Part Load Efficiency (PLR) 0.33018833]  0.23554291 0.46070828 : : p
Temp Efficiency (Tout, Tin} H 0.666254032 0.00068584 0.00028498 -0.00341677 0.00025484 -0.00048195
Nom. Eff 0.57
Nom. Tons 300
nom kw 171
Current Data Calculated Values Efficiency
Part Load Ambient
Outdoor DB Tons Output Condenser Supply temp Cu”ef“ Part L.oad Adjustment  Adjustment EIR cop kW/Ton
Temperature Temp Capacity Ratio
to EIR to EIR
112 222 79.5 44 309 0.740 0.76 0.90 0.1494 6.69 0.525
107 210 79 44 310 0.700 0.72 0.89 0.1491 6.70 0.524
102 198 78.5 44 310 0.660 0.69 0.89 0.1493 6.70 0.525
97 186 78 44 3n 0.620 0.65 0.88 0.1500 6.67 0.527
| 92 174 77.5 44 312 0.580 0.62 0.87 0.1513 6.61 0.532
| 87 162 77 44 313 0.540 0.59 0.86 0.1533 6.52 0.539
| 82 150 76.5 44 313 0.500 0.56 0.86 0.1563 6.40 0.549
| 77 250 76 44 314 0.833 0.85 0.85 0.1398 7.15 0.491
72 200 75.5 44 315 0.667 0.69 0.84 0.1417 7.06 0.498
| 67 150 75 44 316 0.500 0.56 0.83 0.1524 6.56 0.536
‘ 62 100 74.5 44 37 0.333 0.46 0.83 0.1852 5.40 0.651
57 50 74 44 317 0.167 0.38 0.82 0.3055 3.27 1.074

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chilter Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

CAPFT 0.58531422]  0.0153959 0.00007296]  -0.00212462]  -0.00000715]  -0.00004597
EIRFT 0.66625403]  0.00068584 0.00028498] ~-0.00341677]  0.00025484]  -0.00048195|
EIRFPLR 0.33018833]  0.23554291 0.46070828

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + {D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and ¢ondenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/ES Standard 90.1-1989 User's Manual - November 1992.




Site 2670: Post-Retrofit Chiller #2

Outdoor DB
Temperature

112
107
102
97
92
87
82

Centrifugal Chiller (Water-Source) a b e

Capacity Correction (Tout, Tin) . 0.58531422 : 0.01539593 | 0.00007296 [ -0.00212462 | -0.00000715 | -0.00004597 |

Part Load Efficiency (PLR) 03308633 0.23554291]  0.46070828] 3 I B

Temp Efficiency (Tout, Tin) 0.66625403; 0.00068584 0.000284981 -0.00341677, 0.00025484 -0.00048195:

Nom. Eff 0.57

Nom. Tons 300

nom kw 171

Current Data Calculated Values Efficiency
Part Load Ambient
Tons Output Co;:;nser Supply temp CCaurrerlt Pa;t L.oad Adjustment  Adjustment EiR cop kw/Ton
P pacity ato to EIR to EIR

162 79.5 44 309 0.540 0.59 0.90 0.1601 6.25 0.563
150 79 44 310 0.500 0.56 0.89 0.1631 6.13 0.574
138 78.5 44 310 0.460 0.54 0.89 0.1673 5.98 0.588
126 78 44 311 0.420 0.51 0.88 0.1730 5.78 0.608
114 77.5 44 312 0.380 0.49 0.87 0.1806 5.54 0.635
102 77 44 313 0.340 0.46 0.86 0.1908 5.24 0.671
90 76.5 44 313 0.300 0.44 0.86 0.2046 4.89 0.719

EIR = EIRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefﬁcnenls -- Electric Water Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

CAPFT

0.00007296

-0. 00004597

0.58531422]  0.01539593 -0.00212462]  -0.00000715
LG . 0.66625403]  0.00068384]  0.00028498]  -0.00341677|  0.00025484]  -0.00048195
EIRFPLR 0.33018833]  0.23554291 0.46070828]

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992,



Site 2670: Baseline Chiller 81
Centrifugal Chiller (Water-Source) a b c d e f
Capacity Correction (Tout, Tin) 0.58531422 0015395937  0.00007296 | -0.00212462 | -0.00000715] -0.00004597
Part Load Efficiency (PLR) | AB070828, s '
Temp Efficiency (Tout, Tin) 0.00028498;  -0.00341677] 0.00025484 -0.00048195

625403

Nom. Eff 0.837
Nom. Tons 300.000
nom kw 251.142857
Current Data Calculated Values Efficiency
Part Load Ambient
Outdoor DB Tons Output Condenser Supply temp Curre{n Part L_oad Adjustment  Adjustment EIR cor kW/Ton
Temperature Temp Capacity Ratio
to EIR to EIR
112 222 79.5 44 309 0.740 0.76 0.90 0.2195 456 0772
107 210 79 44 310 0.700 0.72 0.89 0.2190 4,57 0.770
102 198 78.5 44 310 0.660 0.69 0.89 0.2193 4.56 0771
97 186 78 44 311 0.620 0.65 0.88 0.2203 4.54 0.775
92 174 77.5 44 312 0.580 0.62 0.87 0.2222 4.50 0.781
87 162 77 44 313 0.540 0.59 0.86 0.2252 444 0.792
82 150 76.5 44 313 0.500 0.56 0.86 0.2295 436 0.807
77 250 76 44 314 0.833 0.85 0.85 0.2053 4.87 0.722
72 200 75.5 44 315 0.667 0.69 0.84 0.2080 4.81 0.731
67 150 75 44 316 0.500 0.56 0.83 0.2239 4.47 0.787
62 100 745 44 317 0.333 0.46 0.83 02721 3.68 0.957
57 . 50 74 44 317 0.167 0.38 0.82 0.4486 2.23 1.577

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman Octaber 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

0.58531422]  0.01539593]  0.00007296!  -0.00212462{  -0.00000715,  -0.00004597
[EIRFT T 0.66625403]  0.00068584 0.00028498]  -0.00341677  0.00025484]  -0.00048195
EIRFPLR 0.33018833  0.23554291 0.46070828

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS}
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser waler supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAWF/IES Standard 90.1-1989 User's Manual - November 1992.




Site 2670: Baseline Chiller #2

Temperature

112
107
102
97
92
87
82

Centrifugal Chiller (Water-Source) a b C d f

Capacity Correction (Tout, Tin) 058531422 [ 0.01539593 T 0.0000729  -0.00212462 | -0.00000715 | -0.00004597

Part Load Eficiency (PLR)  O33TEE 0, O AEGro88 : ;I

Temp Efficiency (Tout, Tin) 0.66625403 000068534; 0.000284985 -0.00341677 0.00025484J -0.00048195

Nom, Eff 0.837

Nom. Tons 300

nom kw 251.142857

Current Data Calculated Values Efficiency
Part Load Ambient
Tons Output Co;:;nser Supply temp é:urrerwt Part L_oad Adjustment  Adjustment EIR CcOP kW/Ton
P apacity Ratio to EIR to EIR

162 79.5 44 309 0.540 0.59 0.90 0.2352 4.25 0.827
150 79 44 310 0.500 0.56 0.89 0.2396 417 0.842
138 78.5 44 310 0.460 0.54 0.89 0.2457 4,07 0.864
126 78 44 31 0.420 0.51 0.88 0.2540 3.94 0.893
114 77.5 44 312 0.380 0.49 0.87 0.2652 3.77 0.932
102 77 44 313 0.340 0.46 0.86 0.2802 3.57 0.985
90 76.5 44 313 0.300 0.44 0.86 0.3005 3.33 1.056

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chitler Plant Coefficients

|
|
|
Outdoor DB

CAPFT

0.58531422

0.0000071 5

-0.00004597

T0.01539593 0.00007296]  -0.00212462]
BRFT T 066625403]  000068584]  0.00028498 -0.00347677]  0.00025484]  -0.000467195
EIRFPLR 033018833  0.23554291 0.46070828] -

CAP-FT = A + (B x CHWS} + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS} + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A

+ (B x PLR) + (C x PLR x PLR)

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.

-- Electrlc Water- Cooled Chillers (source Mark Hydeman October 2 1997 Proposed Changes to lhe ACM Manual -- Central Plant Cooling Equipment)




Site 2670: Pre-Retrofit Chiller 21

Centrifugal Chiller (Water-Source} a b C d e f

Capacity Correction (Tout, Tin) ' 0.58531422 0.01539593 [ 0.0000729 -0.00272462 ] -0.00000715 | -0.00004597 |

Part Load Efficiency (PLR) 033018833  0.23554291 0.46070828 - -

Temp Efficiency (Tout, Tin) 77 0.66625403]  0.00068584 000028498  -0.00341677|  0.00025484]  -0.00048195!

Nom. Eff 1.04444444

Nom. Tons 225

nom kw 235

Current Data Calculated Values Efficiency
Part Load Ambient
Outdoor DB Tons Qutput Condenser Supply temp Currefﬂ Part L.oad Adjustment  Adjustment EiR coe kw/Ton
Temperature Temp Capacity Ratio
to EIR to EIR

112 222 79.5 44 232 0.987 1.01 0.90 0.2744 3.64 0.965
107 210 79 44 232 0.933 0.95 0.89 0.2705 3.70 0.951
102 198 78.5 44 233 0.880 0.89 0.89 0.2674 3.74 0.940
97 186 78 44 233 0.827 0.84 0.88 0.2650 3.77 0.932
92 174 77.5 44 234 0.773 0.79 0.87 0.2635 3.80 0.926
87 162 77 44 235 0.720 0.74 0.86 0.2630 3.80 0.925
82 150 76.5 44 235 0.667 0.69 0.86 0.2639 3.79 0.928
77 250 76 44 236 1111 1.16 0.85 0.2634 3.80 0.926
72 200 75.5 44 236 0.889 0.90 0.84 0.2542 3.93 0.894
67 150 75 44 237 0.667 0.69 0.83 0.2574 3.88 0.905
62 100 ° 745 44 237 0.444 0.53 0.83 0.2911 3.44 1.023
57 50 74 44 238 0.222 0.41 0.82 0.4451 2.25 1.565

EIR = EIRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hyde October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

(9]
8531422

CAPFT 0.5 0.0153959 00007296]  -0.00212462  -0.00000715|  -0.00004597|
EIRFT 1066625403 0.00068584 0.00028498| " -0.00341677]  0.00025484]  -0.00048195
EIRFPLR 0.33018833] 023554291 0.46070828)

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS} + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992,



Site 2670: Pre-Retrofit Chiller #2

Outdoor DB
Temperature

112
107
102
97
92
87
82

Centrifugal Chiller (Water-Source) a b e
Capacity Correction (Tout, Tin) 0.58531422 0.01539593 0.00007296 ] -0.00212462 -0.00000715 | -0.00004597 J
Part Load Efficiency (PLR) 0.33018833]  0.23554291 0.46070828 ] R
Temp Efficiency (Tout, Tin) 0.66625403]  0.00068584 0.00028498]  -0.00341677 0.00025484;  -0.00048195;
Nom. Eff 1.044
Nom. Tons 225
nom kw 235
Current Data Calculated Values Efficiency
Part Load Ambient
Tons Output Condenser Supply temp Curref\t Part L.oad Adjustment  Adjustment EIR coP kW/Ton
Temp Capacity Ratio
to EIR to EIR
162 79.5 44 232 0.720 0.74 0.90 0.2747 3.64 0.966
150 79 44 232 0.667 0.69 0.89 0.2755 3.63 0.969
138 78.5 44 233 0.613 0.65 0.89 0.2779 3.60 0.977
126 78 44 233 0.560 0.61 0.88 0.2825 3.54 0.993
114 77.5 44 234 0.507 0.57 0.87 0.2898 3.45 1.019
102 77 44 235 0.453 0.53 0.86 0.3007 3.33 1.057
90 76.5 44 235 0.400 0.50 0.86 0.3166 3.16 1.113

EIR = EIRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients

0.58531422

0.01539593

-0.00000715]

CAPFT 0.00007296] _ -0.00212462 -0.00004597!
BRFT T 0.66625403]  0.00068584 0.00028498]  -0.00341677]  0.00025484|  -0.00048195
EIRFPLR 0.33018833 0.2355429 0.46070828

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A

+ (B x PLR) + (C x PLR x PLR)

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual -

November 1992.

-- Electric Water- Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)
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Chiller Replacement (Site 2671)

Program

Retrofit Efficiency Options Program

Measure

High Efficiency Water-Cooled Chiller

Site Description

College

Measure Description
Summary of Ex Ante
Impact Calculations

Comments on PG&E

Calculations

Evaluation Process

Replace existing water-cooled chiller with an 80-ton high-efficiency
water-cooled chiller.

Tables of standard values were developed using the HBSSM simulation
program based on climate zone, chiller size, building type, chiller
efficiency, condenser water temperature, wet-bulb temperature, and
cooling tower approach temperature. Values from these tables are used
to calculate the rebate and associated impacts.

The application calculations used the correct business type, climate zone,
chiller size, cooling tower approach temperature, chiller efficiency, and
building size.

The evaluation process consists of a review of the application form and
supporting documentation, conducting an on-site survey and then
computing impacts using the on-site data. Models are calibrated with
actual weather, observed chiller run hours since the installation, chiller
loading under extreme outdoor temperature conditions, chilled water
temperature, and condenser water temperature. Energy impacts are
based on typical weather data. A Title 24 baseline, nominal efficiency,
and typical year bin weather data for the applicable climate zone are
used in the bin analysis.

The on-site survey was conducted on August 9, 1999 in Coalinga
(Climate Zone 13). Information on the retrofit equipment and operating
conditions was collected through an inspection of the chiller and through
an interview with the Director of Maintenance and Operations.

Discussions provided data for development of a relationship between
chiller loading and outdoor dry bulb. The contact claimed that the
chiller is available from 5:00 am to 10:00 pm, including summer. The
chiller is brought on line at 70 degrees outside air temperature. The
contact stated that the chiller is fully loaded at approximately 120
degrees F.

To compute the impacts, the following assumptions were used:

* Based on a water-cooled screw chiller less than 150 tons, a baseline
Title 24 efficiency of 0.925 KW /ton was used.

Calibrating to weather data produced the following deviations from the
claimed setpoints:

* A linear loading strategy was used for the analysis of both the
baseline and rebated chillers, which assumed initial loading at 75




Additional Notes

Impact Results

degrees and 100% loading at 120 degrees.

e The operating schedule for the chiller is from 5:00 am to 7:00 pm,
Monday through Friday.

Chiller efficiencies at various temperatures were calculated from
updated default performance coefficients provided in a memo to the
California Energy Commission titled “1995 Proposed Changes to the
ACM Manual Central Plant Cooling Equipment” by Mark Hydeman.
These coefficients were used to develop a chiller efficiency curve for the
Rebate case and a Title 24 base case. Both evaluation-based energy and
demand impacts were lower than Ex Ante estimates. The primary
source of the discrepancies is from the operating hours of the new chiller,
which does not operate nearly as often or at as high a load as anticipated.
Results from these calculations are summarized below and documented
in the attached workbook.

KwW KWh Therm .
MDSS 15.15 67,159.68 0
Adjusted 5.23 6,456.60 -0
Engineering
Engineering 0.34 0.10 N/A
Realization Rate




Site 2671 Results Impacts Savings Post-Retrofit Chiller
Energy Demand Energy Demand Nom. Eff 0.84
MDSS 67,159 15.15 Nom. Tons 80
QC 6,457 5 8,159 10 nom kw 67.2
Realization Rate 0.10 0.34 0.12 0.65
. Annual , Annual Energy
Outdoor DB gzz:?j Tons Output Efficiency | Energy Use | Peak Demand Hoounl')se::r‘?;ear Use
Temperature (F) (kW/Ton) |, (kWh/year), {kw) (kWh/year),
year {TMY) TMY) (Actual} (Actual)
122 0.00 80 0.886 0.00 0.00 0.00 0.00
117 0.00 73 0.879 0.00 0.00 0.00 0.00
112 0.00 65 0.877 0.00 0.00 0.00 0.00
107 5.00 58 0.885 257.39 51.48 28.00 1,441.37
102 96.00 51 0.905 4,421.08 46.05 92.00 4,236.86
97 216.00 44 0.943 8,889.32 41.15 149.00 6,131.99
92 331.00 36 1.028 12,371.67 37.38 213.00 7,961.22
87 356.00 29 1.150 11,914.58 33.47 215.00 7,195.61
82 410.00 22 1.379 12,338.46 30.09 266.00 8,004.95
77 407.00 15 1.838 10,881.25 26.74 294.00 7.860.17
72 0.00 7 3.302 0.00 0.00 0.00 0.00
Totals 1,816.00 60,816.36 51.48 1,257.00 42,832.17
Title 24 Baseline Chiller Pre-Retrofit Chiller
Nom. Eff 0.925 Nom. Eff 1
Nom. Tons 80 Nom. Tons 80
nom kw 74.02% nom kw 80
Operating Operating Annual Operating Annual Energy
Outdoor DB Hours per | Tons Outout tfficiency | Annual Energy | Peak Demand Outdoor DB H Tons Output Efficiency Energy Use | Peak Demand Hours per year Use
Temperature (F) urs p ons Qutpu (kW/Ton) | Use (kWhvyear) (kW) Temperature (F) ours per ons Lutpy (kW/Ton) (kWh/year), (kW) urs per yea (kWhtyear),
year (TMY) year (TMY) {Actual)
(TMY) {Actual)
122 0.00 80 0.976 0.00 0.00 122 0.00 80 1.055 0.00 0.00 0.00 0.00
17 0.00 73 0.968 0.00 0.00 "z 0.00 73 1.046 0.00 0.00 0.00 0.00
112 0.00 65 0.966 0.00 0.00 112 0.00 65 1.044 0.00 0.00 0.00 0.00
107 5.00 58 0.975 283.51 56.70 107 5.00 58 1.053 306.41 61.28 28.00 1,715.92
102 96.00 51 0.996 4,869.83 50.73 102 96.00 51 1.077 5.263.19 54.82 92.00 5,043.89
97 216.00 a4 1.039 9,791.62 45.33 97 216.00 44 1.123 10,582.53 48.99 149.00 7.299.98
92 331.00 36 1.132 13,627 44 41.17 92 331.00 36 1.224 14,728.17 44.50 213.00 9,477.65
87 356.00 29 1.267 13,123.96 36.87 87 356.00 29 1.370 14,184.03 39.84 215.00 8,566.20
82 410.00 22 1.519 13,590.86 33.15 82 410.00 22 1.642 14,688.64 35.83 266.00 9,529.70
77 407.00 15 2.025 11,985.74 29.45 77 407.00 15 2.188 12,953.87 31.83 294.00 9,357.34
72 0.00 7 3.637 0.00 0.00 72 0.00 7 3.930 0.00 0.00 0.00 0.00
Totals 1,821.00 67,272.96 56.70 Totals 1,821.00 72,706.84 61.28 1,257.00 50,990.68




Site 267 1: Inputs to Model

Parameter Value Reported Units of Parameter Notes
Building Location Coalinga
Climate Zone 13
Pre-Retrofit Chiller Nominal Capacity 80 Tons Assumed
Pre-Retrofit Chiller Nominal Efficiency 1 kW/ton Assumed
Post-Retrofit Chiller Nominal Capacity 80 Tons Application
Post-Retrofit Chiller Nominal Efficiency 0.84 kW/ton From Chiller Rating Sheet
Post-Retrofit Chiller Startup OSA Temperalure 70 F Contact provided estimate
Post-Retrofit Chiller Max Load OSA Temperature 120 F Contact provided estimate
Post-Retrofit Chilled Water Supply Temperature Setpoint 44 F Contact provided setpoints
Post-Retrofit Condenser Water Temperature Setpoint 85 F Contact provided setpoints
Baseline Chiller Efficiency 0.925 kW/ton Title 24 Nominal Efficiency for Chiller > 300 Tons
Chiller AM Lockout 5:00 AM 24 hours per day, 7 days per week
Chiller PM Lockout 10:00 PM 24 hours per day, 7 days per week
Post-Retrofit Compressor #1 Run Hours 1158 hours Documented from Chiller Log .
Post-Retrofit Compressor #2 Run Hours 764 hours Documented from Chiller Log
Hours with both Compressors Operating Simultaneously 51 hours Actual Hours at 107 and above
Post-Retrofit Chiller Run Hours 1871 hours = Sum (Compressor #1 Run Hours, Compressor #2 Run Hours} - Simultaeous Hours
Date of Chiller Installation 12/4/97 Contact provided estimate
Date at Run Hour Reading 8/9/99
Number of Days Chillers Operated 614 days = ({Read Date - Install Date) * 5/7) - 10 Holidays
Average Hours per Year of Operation for Chiller 1112.24 Hours/Year = Compressor #1 Average Hours per Year + Compressor 2 Average Hours per Year
Run Hours Since Install Using Actual Weather & Setpoints 1907.00 hours Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details
Modeled Hours per Year from Actual Weather Data 1257.00 Hours/Year Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details




Site 2671: Post-Retrofit Chiller

Screw Chiller (Water-Source) a b c d e f
Capacity Correction (Tout, Tin) 0.58531422 0.01539593 |  0.00007296 -0.00212462 | -0.00000715[ -0.00004597
Part Load Efficiency (PLR) 0.33018833]  0.23554291 0.46070828 - p E
Temp Efficiency (Tout, Tin) 0.66625403 0.00068584 0.00028498 -0.00341677| 0.00025484) -0.00048195] |
Nom. Eif 0.84 ?
Nom. Tons 80 ‘
nom kw 67.2 |
|
Current Data Calculated Values Efficiency
Part Load Ambient
12[:112?;‘[32 Tons Output Co:::]r:er Supply temp él;;zn; Pa:al;ic:d Adjustment  Adjustment EIR cor kW/Ton
to EIR to EIR
122 80 85 42 77 1.000 1.03 1.03 0.2521 3.97 0.886
117 73 85 42 77 0.909 0.93 1.03 0.2499 4.00 0.879
112 65 85 42 77 0.818 0.83 1.03 0.2495 4.01 0.877
107 58 85 42 77 0.727 0.75 1.03 0.2516 3.97 0.885
102 51 85 42 77 0.636 0.67 1.03 0.2573 3.89 0.905
97 44 85 42 77 0.545 0.60 1.03 0.2682 3.73 0.943
92 36 85 41 76 0.455 0.53 1,04 0.2923 3.42 1.028
87 29 85 41 76 0.364 0.48 1.04 0.3272 3.06 1.150
82 22 85 41 76 0.273 0.43 1.04 0.3923 2.55 1.379
77 15 84 41 76 0.182 0.39 1.02 0.5228 1.91 1.838
72 7 83 41 77 0.091 0.36 1.0 0.9390 1.06 3.302

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

ICAPFT 0.58531422 0.01539593 0.00007296 -0.00212462 -0.00000715 -0.00004597
'EIRFT 0.66625 0.00069 0.00028 -0.00342 0.00025 -0.00048
I‘E-ZIRF_P“LR ea e e et 0.33019i SIS PRI . e ]

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS$)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS5 x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.




Site 2671: Baseline Chiller

Screw Chiller (Water-Source) a b 4 d e f
Capacity Correction (Tout, Tin) 0.58531422 0.01539593 0.00007296 -0.00212462 -0.00000715 -0.00004597 |
Part Load Efficiency (PLR) 0.33018833(  0.23554291 0.46070828 B E |
Temp Efficiency (Tout, Tin) 0.66625403]  0.00068584 0.00028498]  -0.00341677]  0.00025484]  -0.00048135 |
|
Nom. Eif 0.925 |
Nom. Tons 80
nom kw 74.021
Current Data Calculated Values Efficiency
Part Load Ambient
Outdoor DB Tons Output Condenser Supply temp Currer'\t Pant L.oad Adjustment  Adjustment EIR coP kW/Ton
Temperature Temp Capacity Ratio
to EIR to EIR

122 80 85 42 77 1.000 1.03 1.03 0.2777 3.60 0.976

17z 73 85 42 77 0.909 0.93 1.03 0.2753 3.63 0.968

112 65 85 42 77 0.818 0.83 1.03 0.2749 3.64 0.966

107 58 85 42 77 0.727 0.75 1.03 0.2772 3.61 0.975

102 51 85 42 77 0.636 0.67 1.03 0.2834 3.53 0.996

97 44 85 42 77 0.545 0.60 1.03 0.2955 3.38 1.039

92 36 85 41 76 0.455 0.53 1.04 0.3220 3.1 1,132

87 29 85 41 76 0.364 0.48 1.04 0.3604 2.77 1.267

82 22 85 41 76 0.273 0.43 1.04 0.4321 2.3 1.519

77 15 84 41 76 0.182 0.39 1.02 0.5758 1.74 2.025

72 7 83 41 77 0.091 0.36 1.01 1.0343 0.97 3.637
EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Ceniral Plant Cooling Equipment)

CAPFT 0.58531422 0.01539593 0.00007296 -0.00212462 -0.00000715 -0.00004597 I
EIRFT 0.66625! 0.00069; 0.00028, -0.00342, 0.00025] -0.00048
EREpLR ™ T e B 1T B L s Bl

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAF/IES Standard 90.1-1989 User's Manual - November 1992.




Site 267 1: Pre-Retrofit Chilter

Screw Chiller (Water-Source) a b [ d e f

Capacity Correction (Tout, Tin) 0.58531422 001539593 | 0.00067296 | -0.00212462 | -0.00000715] -0.00004597

Part Load Efficiency (PLR) 0.33018833|  0.23554291 0.46070828] E ]

Temp Efficiency (Tout, Tin) 0.66625403]  0.00068584 0.00028498] -0.0034!67'7_5. T 0.00025484]  -0.00048195

Nom. Eff 1

Nom. Tons 80

nom kw 80

Current Data Calculated Values Efficiency
Part Load Ambient
% L::::::;Si Tons Output Co::rir:er Supply temp é:a l:;i?:y Pa:alt.ic:’ad Adjustment  Adjustment EIR cor kW/Ton
to EIR to EIR

122 80 85 42 77 1.000 1.03 1.03 0.3001 3.33 1.055
1z 73 85 42 77 0.909 0.93 1.03 0.2975 3.36 1.046
112 65 85 42 77 0.818 0.83 1.03 0.2971 3.37 1.044
107 58 85 42 77 0.727 0.75 1.03 0.2996 3.34 1.053
102 51 85 42 77 0.636 0.67 1.03 0.3063 3.26 1.077
97 44 85 42 77 0.545 0.60 1.03 0.3193 313 1.123
92 36 85 41 76 0.455 0.53 1.04 0.3480 2.87 1.224
87 29 85 41 76 0.364 0.48 1.04 0.3895 2.57 1.370
82 22 85 41 76 0.273 0.43 1.04 0.4670 2.14 1.642
77 15 84 4 76 0.182 0.39 1.02 0.6223 1.61 2.188
72 7 83 41 77 0.091 0.36 1.01 1.1179 0.89 3.930

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

Lo JL _b" b e JH"d " JiFe

<0.00212462 -0.00000715 -0.00004597

CAl 0.58531422 | 0.01539593 | 0.00007296
EIRFT 0.66625 0.00069) 0.00028 0.00342 0.00025 000048
ERFPLR 77T } "7033019] T T0.23554 0.46071]

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992,

| Oy



Site 2671: Weather Data

TMY tempetature data
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Note: Toal “On Hours* value has been scaled by 5/7 to account for M-F operation only
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Customized Space Conditioning (Site 2766)

Program

Advanced Performance Options Program

Measure

Space Conditioning (Customized)

Site Description

Office

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on PG&E
Calculations

Evaluation Process

Additional Notes

Impact Results

Replace two chillers, increase cooling tower capacity, install a
primary/secondary chilled water loop with a variable speed drive (VSD)
on the secondary loop.

Impacts were developed using DOE2.1E simulation program based on
climate zone, building type, and all HVAC plant and system
characteristics.

The correct climate zone, building characteristics, and HVAC plant and
system characteristics were used in the application.

The evaluation process consisted of reviewing the application form and
supporting documentation. Several attempts were made to schedule an
on-site audit. The telephone number supplied in the MDSS is never
answered, and a thorough search to locate an alternate number proved
unsuccessful as well. Due to the difficulties associated with this site, a
thorough review of the application was conducted. Ex ante impact
estimates are accepted as accurate.

KW KWh Therm
MDSS 145 288,259.81 0
Adjusted 145 288,259.81 0
Engineering
Engineering 1.00 1.00 N/A
Realization Rate




Plate & Frame Heat Exchanger (Site 2771)

Program Advanced Performance Options Program
Measure Install a Plate & Frame Heat Exchanger
Site Description Office

Measure Description

Summary of Ex Ante
Impact Calculations

Comments 6n PG&E
Calculations

Evaluation Process

Install a plate & frame heat exchanger to utilize free cooling when
available.

Impacts were developed using DOE2.1E simulation program based on
climate zone, building type, chiller and cooling tower characteristics.

The correct climate zone, heat exchanger characteristics, chiller size
category and building characteristics were used in the application
calculations. The application appears to have over-estimated the usage
of the post-retrofit chillers, resulting in a modest over-estimation of
impact. The most likely source of error is the loading and staging
strategy for the heat exchanger and chillers.

The evaluation process consists of a review of the application form and
supporting documentation, conducting an on-site survey and then
computing impacts using the on-site data.

The on-site survey was conducted on August 16, 1999 in San Francisco
(Climate Zone 3). Information on the retrofit equipment and operating
conditions was collected through an inspection of the chillers and heat
exchanger and through an interview with the Building Engineer.

The interview and supplied data provided was used to develop a
relationship between heat exchanger and chiller loading and outdoor dry
bulb. The staging strategy for the plant provided by the contact varied
seasonally. The heat exchanger operates roughly from 45 to 60 degrees F
dry bulb outside air temperature. During the summer months, the 511-
ton chiller is the lead chiller and during all other months the 285-ton
chiller is the lead. The lockout times are from 6:00 pm to 6:00 am on
weekdays. The plant is locked out on weekends. The contact claims that
the plant is fully loaded between 87 and 92 degrees F outside air
temperature.

Models are calibrated with actual weather, observed chiller run hours
before and after the installation, heat exchanger and chiller staging
strategy supplied by the contact, chilled water temperatures, and
condenser water temperatures. Energy impacts are based on typical
weather data. For this analysis, the baseline consists of their existing
chillers without the heat exchanger because there is no Title 24 baseline
for heat exchangers. This information, along with the chillers’
efficiencies, and typical year bin weather data for the applicable climate
zone is used in the bin analysis. To compute the impacts, the following
assumptions were used:

* The heat exchanger operates when the dry bulb outside air




Additional Notes

Impact Results

temperature is between 45 and 60 degrees F.
¢  The baseline for the heat exchanger is the pre-retrofit chiller plant.

e Initial chiller loading begins at 65 degrees F and the plant is fully
loaded at 90 degrees F outside air temperature.

Chiller efficiencies at various temperatures were calculated from
updated default performance coefficients provided in a memo to the
California Energy Commission titled “1995 Proposed Changes to the
ACM Manual Central Plant Cooling Equipment” by Mark Hydeman.
These coefficients were used to develop a chiller efficiency curve for the
Rebate case and a Title 24 base case. Evaluation-based energy impacts
are higher than Ex Ante estimates. Results from these calculations are
summarized below and documented in the attached workbook.

Building occupancy has increased since the rebate application was
completed, therefore more cooling is required than originally specified.
This results in higher impacts due to the increased operation of the
cooling equipment.

KW KWh Therm
MDSS 0 230,772.28 0
Adjusted 0 305,851.43 0
Engineering
Engineering N/A 133 N/A
Realization Rate :




Site 2771; Results

Total Impacts Energy Demand
MDS5 230,772 0
Qc 305,851 0
Realization Rate 1.33 -
Other Season Impacts Energy Demand
MDSS 230,772 [s}
QC 210,670 0
Realization Rate 0.91 -
Summery Impacts Energy Demand
MDSS 230,772 0
QC 95,181 0
Realization Rate 0.41 -




Site 2771: Other Season Results

Post-Retrofit Chiller 21

Impacts Energy Demand
MD5S 230,772 0
QC 210,670 0
Realization Rate 0.91 -
Baseline Chiller #1
Nom. Eff 0.880
Nom, Tons 285
nom kw 250.800
Outdoor DB 323::‘:; Tons Output Efficiency | Annual Energy | Peak Demand
Temperature (F) year (TMY) (kW/Ton) | Use (kWhvyear) (kw)
97 0.00 285 0.81 0.00 229.81
92 0.00 285 0.81 0.00 2301
87 15.00 142.5 0.85 1,821.03 121.40
82 29.00 o] 0.00 0.00 0.00
77 71.00 o} 0.00 0.00 0.00
72 172.00 285 0.81 39,829.58 231.57
67 368.00 1425 0.86 44,918.03 122,06
62 711.00 114 09 73,606.94 103.53
57 956.00 85.5 1.00 82,262.67 86.05
52 592.00 57 1.22 41,225.43 69.64
47 250.00 28.5 1.91 13,575.10 54.30
Totals 3,164.00 297,238.78 231.57
Baseline Chiller #2
Nom. Eff 0.730
Nom. Tons 511
nom kw 373.030
Outdoor DB g:j:l;n; Tons Output Efficiency | Annual Energy [ Peak Demand
Temperature (F) year (TMY) (kWfTon} [Use (kWh/year) (kw)
97 0.00 511 0.67 0.00 341.81
92 0.00 511 0.67 0.00 342.41%
87 15.00 51 0.67 5,144.59 342.97
82 29.00 383.25 0.67 7,454.69 257.06
77 71.00 255.5 0.71 12,857.97 181.10
72 172.00 127.75 0.90 19,807.78 115.16
67 368.00 0 0.00 0.00 0.00
62 711.00 0 0.00 0.00 0.00
57 956.00 0 0.00 0.00 0.00
52 592.00 0 0.00 0.00 0.00
47 250.00 0 0.00 0.00 0.00
Totals 3,164.00 45,265.02 342,97

Nom. Eff 0.88
Nom. Tons 285
nom kw 250.8
. Annual . Annual Energy
Outdoor DB 253:“1% Tons Qutput Efficiency Energy Use | Peak Demand Hoou?se:::r;gear Use
Temperature {F) year (TAPAY) (kW/Ton) (kWh/year), (kW) (Actual) (kWh/year),
(TMY) (Actual)
97 0.00 285 0.81 0.00 229.81 0.00 0.00
92 0.00 285 0.81 0.00 230.1 0.00 0.00
87 15.00 142.5 0.85 1,821.03 121.40 6.00 728.41
‘82 29.00 0 0.00 0.00 0.00 45.00 0.00
77 71.00 0 0.00 0.00 0.00 42.00 0.00
72 172.00 285 0.81 39,829.58 231.57 52.00 12,041.50
67 368.00 142.5 0.86 44,918.03 122.06 202.00 24,656.09
62 711.00 0 0.00 0.00 0.00 452.00 0.00
57 956.00 0 0.00 0.00 0.00 677.00 0.00
52 592.00 0 0.00 0.00 0.00 490.00 0.00
47 250.00 0 0.00 0.00 0.00 225.00 0.00
Totals 3,164.00 86,568.64 231.57 2,191.00 37,426.01
Post-Retrofit Chiller #2
Nom. Eff 0.73
Nom. Tons 511
nom kw 373.03
, Annual . Annual Energy
Outdoor DB gss::(:;gr Tons Output Efficiency Energy Use | Peak Demand Ho?:fse;::r;gear Use
Temperature (F) T™Y) (kw/Ton) (kWh/year), (kW) (Actual) (kWh/year),
year (TMY) (Actual)
97 0.00 511 0.67 0.00 341.81 0.00 0.00
92 0.00 511 0.67 0.00 342.41 0.00 0.00
87 15.00 511 0.67 5,144.59 342.97 6.00 2,057.84
82 29.00 383.25 0.67 7,454.69 257.06 45.00 11,567.62
77 71.00 255.5 on 12,857.97 181.10 42.00 7,606.12
72 172.00 127.75 0.90 19,807.78 115.16 52.00 5,988.40
67 368.00 0 0.00 0.00 0.00 202.00 0.00
62 711.00 0 0.00 0.00 0.00 452.00 0.00
57 956.00 0 0.00 0.00 0.00 677.00 0.00
52 592.00 0 0.00 0.00 0.00 490.00 0.00
47 250.00 0 0.00 0.00 0.00 225.00 0.00
Totals 3,164.00 45,265.02 34297 2,191.00 27,219.97




Post-Retrofit Chiller #1

Site 2771: Summer Results
Impacts Energy Demand
MDsSS 230,772 [
QC 95,181 Y]
Realization Rate 0.41 -
Baseline Chiller 21
Nom. Eif 0.880
Nom. Tons 285
nom kw 250.800
Operating -
QOutdoor DB Hours per | Tons Output Efficiency | Annual Energy | Peak Demand
Temperature (F} year (TMY) (kW/Ton) Use (kWh/year) (kW)
97 0.00 285 0.81 0.00 229.81
92 1.00 285 0.81 230.21 230.21
87 13.00 1425 0.85 1,578.23 121.40
82 29.00 4] 0.00 0.00 0.00
77 104.00 4] 0.00 0.00 0.00
72 225.00 0 0.00 0.00 0.00
67 322.00 0 0.00 0.00 0.00
62 259.00 o] 0.00 0.00 0.00
57 131.00 o 0.00 0.00 0.00
52 20.00 0 0.00 0.00 0.00
47 0.00 0 0.00 0.00 0.00
Totals 1,104.00 1,808.44 230.21
Baseline Chiller #2
Nom. Eff 0.730
Nom. Tans 511
nom kw 373.030
Outdoor DB st:t;;gr Tons Output Efficiency | Annual Energy | Peak Demand
Temperature (F) year (TMY) (kW/Ton} [ Use (kWh/year} (kW)
97 0.00 511 0.67 0.00 341.81
92 1.00 511 0.67 342.41 342.41
87 13.00 511 0.67 4,458.65 342.97
82 29.00 511 0.67 9,961.35 343.49
77 104.00 409 0.67 28,486.95 273.91
72 225.00 357.7 0.68 54,371. 11 241.65
67 322.00 306.6 0.69 67,916.27 210.92
62 259.00 2555 0.71 47,070.98 181.74
57 131.00 204 .4 0.75 20,190.74 154.13
52 20.00 153.3 0.84 2,561.88 128.09
47 0.00 102.2 1.01 0.00 103.65
Totals 1,104.00 235,360.34 343.49

Nom. Eff 0.88
Nom. Tons 285
nom kw 250.8
. Annual : Annual Energy
Outdoor DB SEE:‘;E Tons Output Efiiciency | Energy Use | Peak Demand Hooufse;l:r;iar Use
Temperature (F) year (TMY) (kW/Ton) (kWhyear), (kW) (Actual (kWh/year),
(TMY) {Actual)
97 0.00 285 0.81 0.00 229.81 0.00 0.00
92 1.00 285 0.81 230.21 230.21 1.00 230.21%
87 13.00 1425 0.85 1,578.23 121.40 12.00 1,456.82
82 29.00 0 0.00 0.00 0.00 20.00 0.00
77 104.00 0 0.00 0.00 0.00 55.00 0.00
72 225.00 0 0.00 0.00 0.00 125.00 0.00
67 322.00 0 0.00 0.00 0.00 212.00 0.00
62 259.00 0 0.00 0.00 0.00 257.00 0.00
57 131.00 0 0.00 0.00 0.00 98.00 0.00
52 20.00 0 0.00 0.00 0.00 0.00 0.00
47 0.00 0 0.00 0.00 0.00 0.00 0.00
Totals 1,104.00 1,808.44 230.21 780.00 1,687.04
Post-Retrofit Chiller #2
Nom. Eff 0.73
Nom, Tons 51
nom kw 373.03
. Annual . Annual Energy
Outdoor DB ggz:(;g Tons Output Efficiency Energy Use | Peak Demand Hoouf:;a:r";gear Use
Temperature (F) (kW/Ton) (kWh/year), (kW) (kWh/year),
year {TMY) TMY) (Actual) {Actual)
97 0.00 511 0.67 0.00 341.81 0.00 0.00
92 1.00 511 0.67 342.4 Ja2.4 1.00 342.41
87 13.00 511 0.67 4,458.65 342.97 12.00 4,115.67
82 29.00 SN 0.67 9,961.35 343.49 20.00 6,869.90
77 104.00 409 0.67 28,486.95 273.91 55.00 15,065.21
72 225.00 306.6 0.69 47,400.99 210.67 125.00 26,333.88
67 322.00 204.4 0.75 49,528.70 153.82 212.00 32,608.96
62 259.00 [} 0.00 0.00 0.00 257.00 0.00
57 131.00 0 0.00 0.00 0.00 98.00 0.00
52 20.00 0 0.00 0.00 0.00 0.00 0.00
47 0.00 0 0.00 0.00 0.00 0.00 0.00
Totals 1,104.00 140,179.05 343.49 780.00 85,336.04




Site 2771: Inputs to Model

Parameter Value Reported Units of Parameter Notes
Chilier #1 Nominal Capacity 285 Tons Application
Chiller #1 Nominal Efficiency 0.88 kW/ton Application
Post-Retrofit Chiller #1 Startup OSA Temperature 60 F Contact provided estimate
Post-Retrofit Chiller #1 Max Load OSA Temperature 73 F Contact provided estimate
Post-Retrofit Chiller #1 Chilled Water Supply Temperature Setpoint 60 F When OSA = 60
Post-Retrofit Chiller #1 Chilled Water Supply Temperature Setpoint 42 F When OSA = 80
Post-Retrofit Chiller #1 Condenser Water Temperature Setpoint 85 F Contact provided setpoints
Pre-Retrofit Chiller #2 Nominal Capacity 511 Tons Application
Pre-Retrofit Chiller #2 Nominal Efficiency 0.73 kWi/ton Application
Post-Retrofit Chiller #2 Startup OSA Temperature 73 F Contact provided estimate
Post-Retrofit Chiller #2 Max Load OSA Temperature 87 F Contact provided estimate
Post-Retrofit Chiller #2 Chilled Water Supply Temperature Setpoint 42 F Contact provided setpoints
Post-Retrofit Chiller #2 Condenser Water Temperature Setpoint 85 F Contact provided setpoints
Chiller AM Lockout 6:00 AM 24 haurs per day, 7 days per week
Chiller PM Lockout 6:00 PM 24 hours per day, 7 days per week
Post-Retrofit Chiller #1 Run Hours hours Documented from Chiller Log
Post-Retrofit Chiller #2 Run Hours hours Documented from Chiller Log
Total Post-Retrofit Chiller Run Hours 0 hours = Chiller #2 Run Hours + Chiller #3 Run Hours
Date of Heat Exchanger Installation 11/1/97 Best guess from contact (Oct or Nov '97)
Date at Run Hour Reading 8/16/99
Number of Days Chillers Operated 654 days = ((Read Date - Install Date) * 5/7) - 10 Holidays
Average Hours per Year of Operation for Chiller #1 936.00 Hours/Year = (Run Hours for New Chiller / Number of Days Chiller Operated) * 365 Days/Year
Chiller #3 Run Hours Since Install Using Actual Weather & Setpoints 2436.00 hours Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details
Chiller #3 Modeled Hours per Year from Actual Weather Data 772.00 Hours/Year Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details




Site 2771: Post-Retrofit Chiller #£1, Other Months

Centrifugal Chiller (Water-Source) a b c d e f

Capacity Correction (Tout, Tin) 4029861976 | 0.02996076 | -0.00080125 001736268 | -0.00032606] 0.00063139

Part Load Efficiency {PLR) 0.17149273; 0.58820208 0.23737257, .

Temp Efficiency (Tout, Tin) 051777196  -0.00400363 00002028 0.00698793; 467

Nom. Eff 0.88

Nom. Tons 285

nom kw 250.8

Current Data Calculated Values Efficiency
) Part Load Ambient
Qutdoor DB Tons Output Condenser Supply temp C””ef“ Part L.oad Adjustment  Adjustment EIR cor kW/Ton
Temperature Temp Capacity Ratio
to EIR to EIR

97 285 85 49 284 1.000 1.00 0.92 0.2293 4.36 0.806
92 285 84 48 284 1.000 1.00 0.92 0.2297 4.35 0.808
87 142.5 83 47 284 0.500 0.52 0.92 0.2423 413 0.852
82 0 82 46 284 0.000 0.17 0.92 #DIV/Ol  #DIV/Ol  £DIV/O!
77 0 81 45 284 0.000 0.17 0.92 ¢DIV/O!  EDIV/O!  #DIV/O!
72 285 80 44 283 1.000 1.00 0.93 0.2311 433 0.813
67 143 79 43 282 0.500 0.52 0.93 0.2436 4.10 0.857
62 0 78 42 281 0.000 0.17 0.93 #DIV/O!  #DIV/O!  #DIV/O!
57 0 77 3| 279 0.000 0.17 0.93 sDIV/O!  2DIV/O!  #DIV/O!
52 0 76 40 277 0.000 0.17 0.93 ¢DIV/OI  #DIV/O!  #DIV/O!
47 0 75 39 275 0.000 0.17 0.93 ¢DIV/Ol  sDIV/O!  £DIV/O!

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Propased Changes to the ACM Manual -- Central Plant Cooling Equipment)

CAPFT -0.29861976 0.02996076 -0.00080125 0.01736268, -0.00032606| 0.00063139

EIRFT 0.51777196;  -0.00400363 0.00002028 0.00698793; 0.00008290] -0.00015467
EREBLE T - sTrTisISl 6 SERseea SEFFIEEG v e e s

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EiR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water {CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992,




Site 2771: Post-Retrofit Chiller #2, Other Months

Centrifugal Chiller {Water-Source} a b C d e f

Capacity Correction (Tout, Tin) | -0.29861976 ] 0.02996076 | -0.00080125 | 0.01736268 | -0.00032606|  0.00063139
Part Load Efficiency (PLR) 0.17149273]  0.58620208]  0.23737257 : E

Temp Efficiency (Tout, Tin) T 01777 00400363]  0.00002038] 006698793 0.0 00015467

Post-Retrofit Chitler #2

Nom. Eff 0.73
Nom. Tons 511
nom kw 373.03
Current Data Calculated Values Efficiency
Part Load Ambient
Outdoor DB Tons Output Condenser Supply temp Curreol Part L.oad Adjustment  Adjustment EIR cor kW/Ton
Temperature Temp Capacity Ratio
to EIR to EIR
97 511 85 49 509 1.000 1.00 0.92 0.1902 5.26 0.669
92 511 84 48 509 1.000 1.00 0.92 0.1906 5.25 0.670
87 511 83 47 510 1.000 1.00 0.92 0.1909 5.24 0.671
82 383 82 46 509 0.750 0.75 0.92 0.1908 5.24 0.671
77 256 81 45 509 0.500 0.52 0.92 0.2016 4.96 0.709
72 127.75 80 44 508 0.250 0.33 0.93 0.2564 3.90 0.9501
67 0 79 43 506 0.000 0.17 0.93 #DIV/OL  ADIV/O! DIV
62 0 78 42 503 0.000 0.17 0.93 #DIV/Ol  #DIV/O!  #DIV/O!
57 0 77 41 501 0.000 0.17 0.93 #DIV/O!  #DIV/OI  2DIV/O!
52 0 76 40 497 0.000 0.17 0.93 #DIV/Ol  2DIV/O!  #DIV/O!
47 0 75 39 494 0.000 0.17 0.93 #DIV/IOL  #DIVIOl  2DIV/O!

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2,1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

""0.00008290, -0.00015467

EIRFPLR 0.17149273 0.58820208 0.23737257|

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin),

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.




Site 2771: Baseline Chiller #1, Other Months

Centrifugal Chiller (Water-Source) a b C d e f

Capacity Correction (Tout, Tin) -0.29861976 | 0.02996076 | -0.00080125 | 0.01736268 | -0.00032606|  0.00063139

Part Load Efficiency (PLR) 0.17149273 0.58820208 0.23737257 b - -

Temp Efficiency (Tout, Tin) 051777196] -0.00400363 0.00002028]  0.00698793|  0.00008290;  -0.00015467,

Nom. Eff 0.88

Nom. Tons 285

nom kw 250.8

Current Data Calculated Values Efficiency
Part Load Ambient
Outdoor DB Tons Output Condenser Supply temp C”"ef" Part L.oad Adjustment  Adjustment EIR COovP kW/Ton
Temperature Temp Capacity Ratio
to EIR to EIR

97 285 83 49 284 1.000 1.00 0.92 02293 436 0.806 |
92 285 84 48 284 1.000 1.00 0.92 0.2297 4.35 0.808 |
87 142.5 a3 47 284 0.500 0.52 0.92 0.2423 4.13 0.852
82 0 82 46 284 0.000 0.17 0.92 ¥DIV/O!  #DIV/O!  #DIV/O!
77 0 81 45 284 0.000 0.17 0.92 #DIV/O!  #DIV/Ol  #DIV/O!
72 285 80 44 283 1.000 1.00 0.93 0.231 433 0.813
67 143 79 43 282 0.500 0.52 0.93 0.2436 4.10 0.857
62 114 78 42 281 0.400 0.44 0.93 0.2583 3.87 0.908
57 86 77 41 279 0.300 0.37 0.93 0.2862 3.49 1.006
52 57 76 40 277 0.200 0.30 0.93 0.3475 2.88 1222
47 29 75 39 - 275 0.100 0.23 0.93 0.5419 1.85 1.905

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.
Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)
‘eLPFT ~0.29861976 .02996076]  -0.00080125 0.01736268f  -0.00032606]  0.00063139

i EIRFT 0.51777196; -0.00400363! 0.00002028, 0.00698793; 0.00008290] -0.00015467, |

|
|
CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS) |
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin). ‘

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992, ‘




Site 277 1: Baseline Chiller #2, Other Months

Centrifugal Chiller (Water-Source) a b c d e f

Capacity Correction (Tout, Tin) -0.29861976 | 0.02996076 | -0.00080125 | 0.0173668 | -0.00032606] 000063139 |

Part Load Efficiency {PLR) 0.1 7149273; 0.58820208 0.23737257 4 | -

Temp Efficiency (Tout, Tin) ; 0.51777196]  -0.00400363 0.00002028| 0.00698793; 0.00008290;  -0.00015467,

Nom. Eff 0.73

Nom. Tons 511

nom kw 373.03

Current Data Calculated Values Efficiency
Part Load Ambient
Outdoor DB Tons Output Condenser Supply temp Cu"er.“ Part L.oad Adjustment  Adjustment EIR cop kW/Ton
Temperature Temp Capacity Ratio
to EIR to EIR

97 511 85 49 509 1.000 1.00 0.92 0.1902 5.26 0.669
92 511 84 48 509 1.000 1.00 0.92 0.1906 5.25 0.670
87 511 83 47 510 1.000 1.00 0.92 0.1909 5.24 0.671
82 383 82 46 509 0.750 0.75 092 0.1908 5.24 0.671
77 256 81 45 509 0.500 0.52 0.92 0.2016 4.96 0.709
72 127.75 80 44 508 0.250 0.33 0.93 0.2564 3.90 0.901
67 0 79 43 506 0.000 0.7 0.93 JDIV/0l  #DIV/O!  aDIV/O! |
62 0 78 42 503 0.000 0.17 0.93 #DIV/Q!l  2DIVIO!  2DIV/O! i
57 0 77 41 501 0.000 0.17 0.93 DIV 2DIV/IO!  2DIV/OI |
52 0 76 40 497 0.000 0.17 0.93 #DIV/Ol  #DIVIO!  2DIV/O! |
47 0 75 39 494 0.000 0.7 0.93 #DIV/Ol  #DIVIO!  2DIV/O |

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coeffncnents - Eleclrlc Waler-CooIed Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

CAPFT v -0.29861976 0.02996076| -0.00080125 0.01736268; -0.00032606 0.00063139

EIRFT 0.51777196] -0.00400363 0.00002028 000698793 " 0.00008290]  -0.00015467]
EIRFPLR 0.17149273 0.58820208 0.23737257

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR}
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + {E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.




Site 2771: Post-Retrofit Chiller #1, Summer Months

Centrifugal Chiller (Water-Source) a b C d e f
Capacily Correction (Tout, Tin) i -0.29861976 0.02996076 -0.00080125 0.01736268 -0.00032606 0.00063139
Part Load Efficiency (PLR) ! 0.17149273 0.58820208 0.23737257] - ] :
Temp Efficiency (Tout, Tin) 051777196 0.00400383) " 0.00002028]  "0.00658793] " 0.00608290 "~ -0.000715467
Nom. Eff 0.88
Nom. Tons 285
nom kw 250.8
Current Data Calculated Values Efficiency

Outdoor DB Condenser Current Part Load Part Load Ambient

Temperature Tons Output Temp Supply temp Capacity Ratio Adigsérlr;enl Ad:’;sér&enl EIR corp kW/Ton
97 285 85 49 284 1.000 1.00 0.92 0.2293 436 0.806
92 285 84 48 284 1.000 1.00 0.92 0.2297 4.35 0.808
87 1425 83 47 284 0.500 0.52 0.92 0.2423 4.13 0.852
82 0 82 46 284 0.000 0.17 0.92 ZDIV/OT  2DIV/O1  #DIV/O!

77 0 81 45 284 0.000 0.17 0.92 #DIV/Ol  #DIV/Ol  2DIV/O!
72 0 80 44 283 0.000 0.17 0.93 DIV/O!  #DIV/O!  2DIV/O!
67 0 79 43 282 0.000 0.7 0.93 #DIV/O!  sDIV/O!  2DIV/O!
62 0 78 42 281 0.000 017 0.93 aDIV/O!  #DIV/O!  2DIV/O!
57 0 77 41 279 0.000 0.17 0.93 2DIV/OI  2DIV/IO!  2DIV/O!
52 0 76 40 277 0.000 0.17 0.93 sDIV/O!  2DIV/O!  2DIV/O!
47 0 75 39 275 0.000 0.17 0.93 eDIV/Ol  sDIV/OL  &DIV/O!

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chifler Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

. N ® ¢ -
CAPFT 0.02996076]  -0.00080125]  0.01736266[ -0.00032606]  0.00063139
EIRFT ) 0517771960 710.00400363 o.oooozozal 0.00698793]  0.00008290]  -0.00015467

:EIRFPLR 0.17149273 0.58820208 0.23737257I

CAP-FT = A + (B x CHWS) 4 (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + {F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR} + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIRFT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS} + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manuat - November 1992.




Site 2771: Post-Retrofit Chiller #2, Summer Manths
Centrifugal Chiller (Water-Source) a b c d e f

Capacity Correction (Tout, Tin) 52986197 07996076 |~ “0/00680125 1" 0161736268 | -0.00032606]  0.00063139

Part Load Efficiency (PLR) 017149273, 0.58820208 023737257, 2 ]

Temp Efficiency (Tout, Tin) 051777196, -0.00400363 0.00002028 000698793 0.00008290]  -0.00015467

Nom. Eff 0.73

Nom. Tons 511

nom kw 373.03

Current Data Calculated Values Efficiency
Part Load Ambient
Outdoor DB Tons Qutput Condenser Supply temp Currefn Part L.oad Adjustment  Adjustment EIR corp kW/Ton
Temperature Temp Capacity Ratio
to EIR to EIR

97 511 85 49 509 1.000 1.00 0.92 0.1902 5.26 0.669
92 511 84 48 509 1.000 1.00 0.92 0.1906 5.25 0.670
87 511 83 47 510 1.000 1.00 0.92 0.1909 5.24 0.671
82 511 82 46 509 1.000 1.00 0.92 0.1912 5.23 0.672
77 409 81 45 509 0.800 0.79 0.92 0.1906 5.25 0.670
72 306.6 80 44 508 0.600 0.61 0.93 0.1954 5.12 0.687
67 204.4 79 43 506 0.400 0.44 0.93 0.2140 467 0.753
62 0 78 42 503 0.000 0.17 0.93 tDIV/O!  #DIV/O!  #DIV/O!
57 0 77 4] 501 0.000 0.17 0.93 $DIV/O!  #DIV/O!  #DIV/O!
52 0 76 40 497 0.000 0.17 0.93 tDIV/O!  #DIV/O!  2DIV/O!
47 0 75 39 494 0.000 017 0.93 ¢DIV/O!  #DIV/O!  2DIV/O!

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

R ! - e e I d e ] .
CAPF -0.29861976 0.02996076| -0.00080125 0.01736268| -0.00032606] 0.00063139
EIRFT 0.51777196, -0.00400363 0.00002028 0.00698793] 0.00008290) -0.00015467,

EIRFPLR

17149273 0.58820208

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS5 x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/ES Standard 90.1-1989 User's Manual - November 1992.




Site 2771: Baseline Chiller #1, Summer Months

Outdoor DB
Temperature

97
92
87
82
77
72
67
62
57
52
47

Centrifugal Chiller (Water-Source) a b C d e f
Capacity Correction (Tout, Tin) -0.29861976 | 0.02996076 1 -0.00080125 | 0.01736268 -0.00032606]  0.00063139
Part Load Efficiency (PLR) 0.17149273]  0.58820208,  0.23737257 g -
Temp Efficiency (Tout, Tin) 051777196/ -0.00400363]  0.00002028]  0.00698793]  0.00008290]  -0.00015467]
Nom. Eff 0.88
Nom. Tons 285
nom kw 250.8
Current Data Calculated Values Efficiency
Part Load Ambient
Tons Output Condenser Supply temp Currer\t Part L.oad Adjustment  Adjustment EIR cop kW/Ton
Temp Capacity Ratio
to EIR to EIR
285 85 49 284 1.000 1.00 0.92 0.2293 4.36 0.806
285 84 48 284 1.000 1.00 0.92 0.2297 4.35 0.808
1425 83 47 284 0.500 0.52 0.92 0.2423 4.13 0.852
0 82 46 284 0.000 0.17 0.92 :DIv/ot  :DIV/O! £DIvV/0!
0 81 45 284 0.000 0.17 0.92 2DIV/O! 2DIV/AO! #DIV/O!
0 80 44 283 0.000 0.17 0.93 ¢DIV/OL  #DIV/O!  #DIV/O!
0 79 43 282 0.000 0.17 0.93 £DIV/O!  #DIV/O!  #DIV/O!
0 78 42 281 0.000 0.17 0.93 *DIV/Y!  #DIV/O!  2DIV/OI
0 77 41 279 0.000 0.17 0.93 $DIV/QL  ¢DIV/OL  #DIV/O!
0 76 40 277 0.000 0.17 0.93 #DIV/O!  #DIV/O!  #DIV/O!
0 75 39 275 0.000 0.17 0.93 4DIV/O!  #DIV/O!  #DIV/O!

EIR = EIRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients --

0.01736268

0.00063139!

1CAPFT -0.29861976 0.02996076 -0.00080125| -0.00032606,

I

iEIRFT 0.51777196( -0.00400363 0.00002028| 0.00698793 0.00008290] -0.00015467
EIRFPLR 0.17149273 0.58820208; 0.23737257, E a

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS$)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + {D x CWS) + (E x CWS x CWS$) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.

Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)




Site 2771: Baseline Chitler £2, Summer Months

Outdoor DB
Temperature

97
92
87
82
77
72
67
62
57
52
47

Centrifugal Chiller (Water-Source) a b d
Capacity Correction (Tout, Tin) -0.29861976 | 0.02996076 ] -0.00080125 | 0.01736268 -0.00032606]  0.00063139 |
Part Load Efficiency (PLR) o-7149273 | Dseea0208  oasndnasn ]
Temp Efficiency (Tout, Tin) 0.51777196]  -0.00400363 0.00002028| 0.00698793) i
Nom. Eff 0.73
Nom. Tons 511
nom kw 373.03
Current Data Calculated Values Efficiency
Part Load Ambient
Tons Output Co;:r:nser Supply temp CCurrefn Pa: L.oad Adjustment  Adjustment EIR corp kw/Ton
P apacity atio to EIR to EIR
511 85 49 509 1.000 1.00 0.92 0.1902 5.26 0.669
511 84 48 509 1.000 1.00 0.92 0.1906 5.25 0.670
511 83 47 510 1.000 1.00 0.92 0.1909 5.24 0.671
511 82 46 509 1.000 1.00 0.92 0.1912 5.23 0.672
409 2] 45 509 0.800 0.79 0.92 0.1906 5.25 0.670
3577 80 44 508 0.700 0.70 0.93 0.1921 5.20 0.676
306.6 79 43 506 0.600 0.61 0.93 0.1957 5.1 0.688
2555 78 42 503 0.500 0.52 0.93 0.2023 4.94 0.711
2044 77 41 501 0.400 0.44 093 0.2145 4.66 0.754
1533 76 40 497 0.300 0.37 0.93 0.2377 42 0.836
102.2 75 39 494 0.200 0.30 0.93 0.2885 3.47 1.014

EIR = EIRrated x EIR-FT x EIR-FPLR/ PLR.

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman Oclober 2,1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

00259 02996076 o oooam 25 0 01 736268] 0. oooszeoe 0.00063139
TEIRFT o h 0.51777196 -0.00400363 0.00002028] T 0.00696793] " 0.00008250]  -0.00015467
TIRFPLR 0.17149273]  0.58820208]  0.23737257,

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)

This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A

+ (B x PLR) + (C x PLR x PLR)

This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.




Site 2771: Other Monihs Weather Data

TMY temperature data
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Site 2771: Summer Months Weather Data

TMY temperature data
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Chiller Installation (Site 2773)

Program

Advance Performance Options Program

Measure

High Efficiency Water-Cooled Chiller

Site Description

Office

Measure Description

Summary of Ex Ante
Impact Calculations

Comments on
Calculations

Evaluation Process

Install a new 550-ton water-cooled chiller to operate as the primary
chiller. This provides staging with two existing 1350 ton chillers.

Impacts were developed using DOE2.1E simulation program based on
climate zone, building type, and chiller characteristics.

The correct climate zone, chiller size category and building
characteristics were used in the application calculations. However, the
impact calculations were based on the pre-retrofit conditions as opposed
to the baseline Title 24 conditions, resulting in a considerable over-
estimation of impact. In addition, the demand impact estimate was
based on the minimum summer demand savings instead of the peak
hour demand impact, resulting in a very large under-estimation of the
demand impact.

The evaluation process consists of a review of the application form and
supporting documentation, conducting an on-site survey and then
computing impacts using the on-site data.

The on-site survey was conducted on July 27, 1999 in San Francisco
(Climate Zone 3). Information on the retrofit equipment and operating
conditions were collected through an inspection of the chiller and
through an interview with the Chief Engineer.

Discussions provided data for development of a relationship between
chiller loading and outdoor dry bulb. The chiller is available from 6:00
am to 6:00 pm every day. The chiller is generally brought on line at 62
degrees F outside air temperature. The Chief Engineer estimated that
the chiller reaches 100% loading at approximately 90 degrees F outside
air temperature. The secondary chiller operates only three to four days
per year.

Models are calibrated with actual weather, the chiller lock-out
temperature, chiller loading under extreme outdoor temperature
conditions, chilled water temperature, and condenser water
temperature. Energy impacts are based on typical weather data. A Title
24 baseline, nominal efficiency, and typical year bin weather data for the
applicable climate zone are used in the bin analysis. To compute the
impacts, the following assumptions were used:

* A linear loading strategy was used for the analysis of both the
baseline and rebated chillers, which assumed initial loading at 62
degrees F and 100% loading at 89 Degrees F. Full loading was
adjusted to 89 degrees to accommodate for the secondary chiller
operating three to four days per year.




Additional Notes

Impact Results

¢ Based on a water-cooled chiller greater than 300 tons, a baseline Title
24 efficiency of 0.748 KW /ton was used.

Chiller efficiencies at various temperatures were calculated from
updated default performance coefficients provided in a memo to the
California Energy Commission titled “1995 Proposed Changes to the
ACM Manual Central Plant Cooling Equipment” by Mark Hydeman.
These coefficients were used to develop a chiller efficiency curve for the
Rebate case and a Title 24 base case. Evaluation-based demand impacts
were higher and energy impacts were lower than ex ante estimates.
Results from these calculations are summarized below and documented
in the attached workbook.

The site has installed a plate & frame heat exchanger since the retrofit,
making it impossible to calibrate the model to weather data using chiller
run hours. Due to the quality of information supplied by the contact, the
ex post model is assumed to be accurate.

KwW KWh Therm
MDSS 22 474,024 .84 0
Adjusted 179.91 103,700.41 0
Engineering
Engineering 8.18 0.22 N/A
Realization Rate




Site 2773: Results Impacts Savings Post-Retrofit Chiller
Energy Demand Energy Demand Nom. Eff 0.341
MDSS 474,025 22 Nom. Tons 550
QC 103,700 180 275,812 175 nom kw 187.55
Realization Rate 0.22 8.18 0.58 7.93
! Annual . Annual Energy
Outdoor DB gzi::t:;% Tons Output Efficiency Energy Use | Peak Demand Hoou'r)se;ae‘r”;gear Use
Temperature (F) year (TMY) (kwW/Ton) | (kWhiyear), (kw) (Actualy (kWhtyear),
(TMY) . (Actual)
87 20 550 0.274 3,014.13 150.71 54.00 8,138.16
82 11 454 0.273 5,124.27 123.69 114.00 14,100.57
77 125 358 0.272 12,175.93 97.41 170.00 16,559.27
72 284 261 0.279 20,675.76 72.91 264.00 19,248.76
67 493 165 0.300 24,416.60 49.54 542.00 26,851.18
62 693 69 0.451 21,459.28 30.97 954.00 29,547.44
Totals 1,656 86,865.97 150.71 2,098.00 114,445.38
Title 24 Baseline Chiller Pre-Retrofit Chiller
Nom. Eff 0.748 Nom. Eff 0.707
Nom. Tons 550 Nom. Tons 1350
nom kw 411.447 nom kw 954.45
Operating Operating Annual Operating Annual Energy
QOutdoor DB ° Tans Outout Efficiency | Annual Energy | Peak Demand Outdoor DB H Tons Output Efficiency Energy Use | Peak Demand Hours per year Use
Temperature (F) ours per ans Qutpu (kWfTon) | Use (kWhiyear) (kw) Temperature (F) ours per ons Lutpu (kW/Ton} (kWh/year), (kW) urs per y (kWhtyear),
year (TMY) year (TMY) (Actual)
(TMY) (Actual)
87 20 550 0.601 6,612.40 330.62 87 20 550 0.591 6,505.39 325.27 54.00 17,564.56
82 41 454 0.598 11,241.61 27135 82 41 454 0.630 11,844.76 285.91 114.00 32,593.50
77 125 358 0.598 26,711.54 213.69 77 125 358 0.684 30,583.90 244.67 170.00 41,594.11
72 284 261 0.612 45,358.43 159.95 72 284 261 0.790 58,491.92 206.27 264.00 54,454.95
67 493 165 0.659 53,565.08 108.68 67 493 135 1.208 80,402.26 163.14 542.00 88,419.18
62 693 69 0.988 47,077.33 67.95 62 693 135 1.208 113,029.27 163.14 954.00 155,630.82
Totals 1,656 190,566.38 330.62 Totals 1,656 300,857.51 325.27 2,098.00 390,257.12




Site 2773: Inputs to Model

Parameter Value Reported |  Units of Parameter Notes
Building Location San Francisco
Climate Zone 3
Chitler 1: 2 Compressors at 275-tons Each Application
Post-Retrofit Chiller Nominal Capacity 550 Tons Application
Post-Retrofit Chiller Nominal Efficiency 0.341 kw/ton From Chiller Rating Sheet
Post-Retrofit Chiller Startup OSA Temperature 62 F Contact provided estimate
Post-Retrofit Chililer Max Load OSA Temperature 90 F Contact provided estimate
Post-Retrofit Chiller Chilled Water Supply Temperature Setpoint 48 F Contact provided setpoints
Post-Retrofit Chiller Condenser Water Temperature Setpoint 74 F Contact provided setpoints
Pre-Retrofit Chiller Nominal Capacity 1350 Tons Application
Pre-Retrofit Chiller Nominal Efficiency 0.707 kwWiton Application
Baseline Chiller Efficiency 0.748 kwiton Title 24 Nominal Efficiency for Chiller > 300 Tons
Chiller AM Lockout 6:00 AM 24 hours per day, 7 days per week
Chiller PM Lockout 6:00 PM 24 hours per day, 7 days per week
Post-Retrofit Compressor #1 Run Hours 689 hours Documented from Chiller Log
Post-Retrofit Compressor #2 Run Hours 609 hours Documented from Chiller Log
Total Post-Retrofit Chiller Run Hours 689 hours = Compressor #1 Run Hours + Compressor #2 Run Hours
Date of Chiller installation 8/31/98 Contact provided estimate
Date at Run Hour Reading 11/4/99
Number of Days Chillers Operated 431 days = {(Read Date - Install Date) * 5/7) - 10 Holidays
Average Hours per Year of Operation for Post-retrofit Chiller 583.49 Hours/Year = (Run Hours for New Compressor / Nymber of Days Compressor Operated) * 365 Days/Year
Total Modeled Post-Retrofit Compressor Run Hours 1738.00 hours Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details
Total Modeled Post-Retrofit Hours per Year 2098.00 Hours/Year Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details




Site 2773: Post-Retrofit Chiller

Centrifugal Chiller (Water-Source) a

b

c d

e

f

Capacity Correction (Tout, Tin) [ 0.29861976 | 002996076 | -0.00080125 | G.01736268 -0.00032606 | 0.00063139
Part Load Efficiency (PLR) .., 017149273 0.58820208] 023737257 e
Temp Efficiency (Tout, Tin) [ 051777196 -0.00400363| ~"0.00002028 " 0.00698793  0.00008290,  -0.00015467
Nom. Eff 0341
Nom. Tons 550
nom kw 187.55
Current Data Calculated Values Efficiency
Outdoor DB Condenser Current Part Load Part Load Ambient
Tons Output Supply temp ) . Adjustment  Adjustment EIR cop kW/Ton
Temperature Temp Capacity Ratio
to EIR to EIR
87 550 75 48 569 1.000 1.00 0.81 0.0779 12.83 0.274
82 454 75 48 569 0.825 0.82 0.81 0.0775 12.90 0.273
77 358 74 48 569 0.650 0.65 0.79 0.0775 12.90 0.272
72 261 72 48 569 0.475 0.50 0.77 0.0794 12.60 0.279
67 165 67 48 563 0.300 0.37 0.72 0.0854 11.71 0.300
62 69 62 48 548 0.125 0.25 0.66 0.1281 7.80 0.451

EIR = EIRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mar

k Hydeman October 2, 1997 Proposed Changes to t

he ACM Manual -- Central Plant Cooling Equipment)

- el "6 Jlie JU @ e b T ]
CAPFT -0.29861976 0.02996076| -0.000801 25] 0.01736268 -0.00032606[ 0.00063139|
EIRFT 0.51777196]  -0.00400363 0.00002028 0.00698793 0.00008290i  -0.00015467|

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + {C x PLR x PLR}
This describes the change in EIR as a function of part load conditions (PLR, the part load ratio).

EIR-FT = A + (B x CHWS} + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992.




Site 2773: Baseline Chiller

Outdoor D8
Temperature

87
82
77
72
67
62

Centrifugal Chiller (Water-Source) a b C d e

Capacity Correction (Tout, Tin) -0.29861976 | 0.02996076 | -0.00080125 | 0.01736266 | -0.00032606 | 0.00063139

Part Load Efficiency (PLR) 0.17149273|  0.58820208]  0.23737257 - : ]

Temp Efficiency (Tout, Tin) 051777196 -0.00400363]  0.00002028]  0.00698793]  0.00008250  -0.00015467

Nom. Eff 0.74808511

Nom. Tons 550

nom kw 411.446809

Current Data Calculated Values Efficiency
Part Load Ambient
Tons Output Co;ed:]nser Supply temp CCaur;(e;?t Pa;ati(;ad Adjustment  Adjustment EIR cor kW/Ton
P pacity to EIR to ER

550 75 48 569 1.000 1.00 0.81 0.1710 5.85 0.601
454 75 48 569 0.825 0.82 0.81 0.1701 5.88 0.598
358 74 48 569 0.650 0.65 0.79 0.1700 5.88 0.598
261 72 48 569 0.475 0.50 0.77 0.1741 5.74 0.612
165 67 48 563 0.300 0.37 0.72 0.1873 5.34 0.659
69 62 48 548 0.125 0.25 0.66 0.281 3.56 0.988

EIR = ElRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficients -- Electric Water Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment)

~.0.29861976

{

CAPFT 0.02996076 -0.00080125| 0.01736268 -0.00032606 0.00063139
EIRFT T 0.51777196;  -0.00400363 0.00002028| 0.00698793 0.00008290 -0.00015467
EIRFPLR 0.17149273 0.58820208 0.23737257! - - -

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A

+ (B x PLR) + (C x PLR x PLR)

This describes the change in EIR as a function of part load conditions (PLR, the part load ratic).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAE/IES Standard 90.1-1989 User's Manual -

November

1992.




Site 2773: Pre-Retrofit Chiller

Outdoor DB
Temperature

87
82
77
72
67
62

Centrifugal Chiller (Water-Source) a b c d e f
Capacity Correction (Tout, Tin) -0.29861976 | 0.02996076 | -0.00080125 0.01736268 -0.00032606 | 0.00063139
Part Load Efficiency (PLR) 0.17149273] 056820208 023737257 - : .
Temp Efficiency (Tout, Tin) 051777158 -0.00400363; 0.00002028]  0.00698793} " (.00008256 -0.00615467
Nom. Eff 0.707
Nom. Tons 1350
nom kw 954.45
Current Data Calculated Values Efficiency
Part Load Ambient
Tons Output Condenser Supply temp Curren"ul Part LPad Adjustment  Adjustment EIR corp kw/Ton
Temp Capacity Ratio
to EIR to EIR
550 64 42 1376 0.407 0.45 0.76 0.1682 5.95 0.591
454 64 42 1376 0.336 0.40 0.76 0.1792 558 0.630
358 63 42 1373 0.265 0.34 0.75 0.1947 5.14 0.684
261 62 42 1368 0.194 0.29 0.73 0.2246 4.45 0.790
135 62 42 1368 0.100 0.23 0.73 0.3437 291 1.208
135 62 42 1368 0.100 0.23 0.73 0.3437 291 1.208

EIR = EIRrated x EIR-FT x EIR-FPLR / PLR.

Chiller Plant Coefficient:

s -- Electric Water-Cooled Chillers (source Mark

Hydeman October 2, 1997 Proposed Changes to th

g cuCYe : T e I oe 0 R | R
A | 0157 002996076 000080125 - 0.01736268 - -0.0003606) 000063139
EIRFT 051777196  -0.00400363]  0.00002028]  0.00698793;  0.00008290;  -0.00015467
EIRFPLR 0.17149273]  0.38820208  0.23737257 1

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in capacity as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin).

EIR-FPLR = A + (B x PLR) + (C x PLR x PLR)
This describes the change in EIR as a function of part load conditions {PLR, the part load ratio).

EIR-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (F x CHWS x CWS)
This describes the change in EIR as a function of the chilled water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures.

souce of equations: ASHRAFE/IES Standard 90.1-1989 User's Manual - November 1992.

e ACM Manual -- Central Plant Cooling Equipment)




Site 2773: Weather Data
TMY temperature data

rE|'emp

0:00{ 1:00] 2:00( 3:00{ 4:00] 5:00[ 6:00( 7:00[ 8:00( 9:00] 10:00{ 11:00] 12:00] 13:00] 14:00] 15:00{ 16:00{ 17:00] 18:00[ 19:00} 20:00[ 21:00] 22:00( 23:00};On Hours
32 0 0 1 4 1 0 1 0 Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
37 6 9 1311316 15| 18] 2 1 0 0 0 0 0 0 0 0 0 0 0 0 3 5 6
424 28 3113414645 441382812 ) 5 i 0 0 1 1 1 1 2 5 6 7 16 21 26
a7 72 77 (79| 84171 | 66| 70| 65} 43 | 31 12 8 6 3 2 2 2 6 21 32 44 43 48 54
52 120 |125|125]116]127[122|104] 85| 79 | 68 60 43 26 20 17 21 36 53 68 78 93 107 | 124 | 127
57 116 | 105(100( 90 { 95 [ 106|112| 120104 89 { 83 79 | 68 | 70 | 80 | 79 | 95 | 108 | 115} 129 | 129 { 137 { 127 | 125
62f 21 tz] 1211 9 1119|581} 98 1102 91 77 77 83 79 84 91 1111 109 { 99 83 55 35 25 693
674 2 0 {1 1 1 1 3| 512(56| 74 | 77 72 78 | 84 | 78 | 83 | 60 | 38 19 9 4 5 2 493
721 © 1 0100100} 2;7719] 32 51 64 | 61 58 | 57 | 37 19 9 2 0 0 0 0 284
77 0 0 0 0 0 0 0 0 1 5 10 21 n 30 28 28 15 6 0 0 0 0 0 0 125
82 0 0 0 0 0 0 0 0 0 0 2 8 13 1L 11 9 4 0 0 0 0 0 0 0 41
871 o0 ofojJojo|lOjJoOo}joOof|foO]|O 0 1 8 7 5 6 1 0 0 0 0 0 0 0 20
92l O ofojJofo]JojojofoO]O 0 0 0 1 0 0 0 0 0 0 0 0 0 0
97 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
On Hours for Chiller 22| 65 126| 172] 209| 235] 265| 270] 265] 262| 231 196 1655.71
Note: Total "On Hours" value has been scaled by 5/7 to account for M-F operation only
Actual temperature by hour from 07/28/98 to 07/27/99
'FTemp 0:00] 1:00] 2:00] 3:00] 4:00] 5:00] 6:00] 7:00] 8:00] 9:00] 10:00] 11:00] 12:00] 13:00] 14:00] 15:00] 16:00] 17:00] 18:00] 19:00] 20:00] 21:00] 22:00] 23:00[[On Hours
320 1 T] 2244 47 4] . ; . . . 1 3
37 9 121V {121 131131614} 5 . . . . . . . . 1 2 4 3 6 5
42| 27 32137 | 43| 47| 46| 43| 26 | 17 | 12 7 2 2 . 1 1 3 5 7 9 13 20 23 26
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87 2 7 11 L 9 8 3 3 54
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97 . . . . . . 1 1 1 1 . .
On Hours for Chiller 54 82] 124] 159| 1921 215| 229| 230 228] 222{ 197{ 166 2098.00
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Setback Programmable Thermostats

Measure
Description:

Summary of Advice
Filing Calculations:

Comments on
Advice Filing
Calculations:

Comments on
Advice Filing
Inputs:

Evaluation Process:

Additional Notes:

Installation of setback programmable thermostats in spaces with
regular occupied and unoccupied periods.

A bin analysis method was employed to create per thermostat
energy and therm impacts. Demand impacts were not calculated,
as setback thermostats do not affect peak demand.

Program review has shown that the per-unit impacts were applied
to each participant with the assumption that each thermostat
controlled the conditioning of 5,000 sq ft of office space, regardless
of building size or type.  These impacts were not adjusted to
account for different climate zones.

Incorrect return air values were used to determine the heating and
cooling loads during setback hours. Weather data was for San Jose,
and thus only represented one climate zone.

Energy and therm impacts were developed using modified return
air values during setback hours and binned weather data from all
16 California climate zones. A conditioned square footage value
was developed for each participant using MDSS, survey, and audit
data. Climate zone-specific impacts (leveraged by square footage)
were then applied.

If the ex ante assumptions for a given premise indicated only
energy impacts, then no therm impact was developed.

Quantum Consulting Inc.

Attachment 2-1

Standard HVAC Measure Analysis



RE Setback Therm.xis

Setback Progr ble T

1) Instails setback programmable thermostats In spaces with regular occupled and unoccupied perfods.

2) Assumptions used in Advice Filing:

Office hours = 07:00-18:00 M-F
Occupiad Hours = 11 hriday x 5 day/week x 52.14 week/yr
= 2,888
= Listed as 2,870 hriyear
AC size = 10 tons (120,000 Btu)
AC Efficiency = 1.3 kW/ton with out fans
EER = 9.23 8tu/\Watt (calcutated in spreadsheet "Window Film AF")
Area serviced/ton = 500 sqftton
Heating size = 250 kBtu/hr
Heating efficiency = 70%
Area served = 50 Btwhr-sqft
Total cfm = 5.000
Fanhp=3
Qutside Supply Air = 20%
Location = San Jose, ASHRAE bin weather data

- A bin analysis method |s used, where:
QSA = oulside alr temp (F)
Bin = hours per year that temp is in a given range (hriyr)
% OSA = parcent outside air (fixed at 20%)
Ret Air = return alr temp (F)
Mix Air = mixed air temperature
= (% OSA x OSA) + {(1 - % OSA) x Ret Air]
87 F = tamp at which system switches from cooling to heating
SAT = supply air temp (F)
SAT (cooling) = 67 F + (I87 F - OSA)/5] x 2}
SAT (heating) = 87 F + {I87 F - OSA)/S] x 3}
Heating Loads (kBtutyr) = [SAT - Mix Air (F)] x Bin (hr7yr) x (1,085 Biwhr-F-CFM) x Air Flow (CFM)
Cooling Loads (kBtwyr) = {Mix Air - SAT (F)] x Bin {(hr/yr} x (1.085 Btwhr-F-CFM) x Air Flow (CFM}

\
|
|
|
|
|
\
(F) {hrfyn) (F) (F) (F) (kBtulyn) )

Sample Heating and Cooling Load Calcutations for San Jose
Outside Air Total Bin % OSA Retum Air Mixed Air Supply Air Coating Heating
(kBtuyr)
92 -] 20% 74 778 57 871 4]
87 24 20% 74 7686 59 2,292 0
82 84 20% 74 758 61 6,853 0
77 207 20% 74 748 83 13,027 0
72 535 20% 74 73.8 85 24,960 0
a7 1,077 20% 74 7286 87 32,718 0
62 1,756 20% 74 716 70 15,242 0
57 1,977 20% 74 708 73 0, 25,741
52 1,545 20% 74 89.6 76 [+} 53,642
47 935 20% 74 88.8 79 0 52,753
42 451 20% 74 676 82 0 35,232
37 138 20% 74 66.6 85 0 13,775
32 24 20% 74 85.8 a8 0 2,918
27 1 20% 74 84.6 91 Q 143
Tota! 8,760 Total 95,584 1“,203]
Recreated from Advice Filing p.AC-32 (Thermostat Set-back)
Baseline Energy Usage:
Cooing = Cooling Loads (kBtu/yr) x (1 ton-hr/12 kBtu) x 1.3 kWiton
= 05,564 kBtu/yr x (1 ton-hr/12 kBtu)} x 1.3 kWiton
= 10,353
= 10,353 kwhvyr for San Jose
Heating = Heating Loads (kBtufyr} x (1 therm/100 kBtu) x 1/Efficiency
= 184,203 kBtulyr x (1 therm/100 kBtu) x 1/70%
| = 2,631
| = 2,631 themmvyr for San Jose
‘ Revised Energy Use 7:00AM - 6:00PM
Sample Heating and Cooling Load Calculatl for San Jose
‘ Qutside Air Total Bin % OSA Retum Air Mixed Air Supply Air Cooting Heating
w ) theyn F) (F) (3] (kBtufyr) {kBtuyr)
92 4 20% 74 778 57 447 o
a7 18 20% 74 76.8 59 1,528 0
82 53! 20% 74 758 et 4,198 0
77 122, 20% 74 748 83 7.877 0
72 293 20% 74 738 65 13,670 0
87 518 20% 74 728 87 15,676 [}
62 808 20% 74 71.8 70 5,277 0
57 563 20% 74 706 73 0 7,330,
52 385 20% 74 69.6 76 0 13,714
47 200 20% 74 88.8 79 0 11,284
42 78 20% 74 678 82 0 6,093
37 19 20% 74 66.6 85 0 1,887
32 3 20% 74 85.8 88 0 385
27 0 20% 74 84.6 91 0 0
Total 2,870 Total 48,473 40,683

Recreated from Advice Filing p.AC-32 (Thermostat Set-back)
Advice Filing lists total bin as 2,879 hours, but calculations do not suppaort this.

bin analysis Page 1



RE Setback Therm.xis

Business Hours Enargy Usage:

Cooling = Cooling Loads (kBtufyr) x {1 ton-hr/12 kBtu) x 1.3 kW/ton
48,473 kBtu/yr x (1 ton-hr/12 kBtu) x 1.3 kWiton

5,251

5.251 kWhyr for San Jose

nonon

Heating = Heating Loads (kBtu/yr) x {1 therm/100 kBtu) x 1/Efficiency
40,883 kBtu/yr x (1 therm/100 kBtu) x 1/70%
581

= 581 therm/yr for San Jose

nonoq

Revised Energy Use 7.00PM - 6:00AM

Sample Heating and Cooling Load C. lath for San Jose
Qutside Air Total Bin % OSA Returm Air Mixed Air Supply Air Cooling Healing
{F) (hriyn) {F) (F) (F} (kBtu/yr) (kBtu/yr)
92 2 20% 74 778 62,0 168 0
87 8 20% 74 788 84.0 547 ]
82 31 20% 74 756 868.0 1614 0
77 85 20% 74 746 68.0 3.043 0
72 242 20% 74 736 738 4] 1]
87 561 20% 74 728 728 0 0
82 1,148 20% 74 71.8 718 0 0
57 ' 1,414 20% 74 708 708 0 (4]
52 1,150 20% 74 696 710 0 8,734
47 735 20% 74 8.6 740 0 21,532
42 373 20% 74 67.8 77.0 0 18,021
37 119] 20% 74 88.6 80.0 0 8,851
32 21 20% 74 85.8 83.0 4 1,982
27 1 20% 74 646 88.0 0 118)
Total 5,880 Total 5,374 60,038
Recreated from Advica Filing p.AC-33 (Thermostat Set-back)
Setback Energy Usaga:
Cooling = Cooling Loads (kBtu/yr) x (1 ton-hr/12 kBtu) x 1.3 kWton
= 5,374 kBluwyr x {1 ton-hr/12 kBtu) x 1.3 kWi/ton
= 582
= 582 kwWn/yr for San Jose
Heating = Heating Loads (kBtwyr) x (1 thenm/100 kBtu) x V/Efficiency
= 60,038 kBtu/yr x {1 therm/100 kBtu) x 1/70%
= 858
= 856 themVyr for San Jose
Additional warm-up/cool-down loads: -
Cooling = 19 F x (1hr/day x 3 molyr x 22 day/mo) x 1.085 Btu/cfm-deg-hr x 5,000 cfm
= 6.802,850
= 8.803 kBtu/yr
Healing = 11 F x (thr/day x 3 mo/yr x 22 day/mo) x 1.085 Btuw/cfm-deg-hr x 5,000 ctm
= 3,938,550
= 3,938 kBwyr
Total Retrofit Enargy Use:
Cooling = 48,473 kBtwyr + 5,373 kBtu/yr +3,939 kBtuw/yr
= 57.785
Adjust to kWh = 57,785 kBtu/yr x (1 ton/12,000 Btu) x (1.000 BtuwkBtu)
= 4815
= 4,815 tonvyr x 1.3 kWiton
= 6,280
= 8,260 kwiv/yr
Heating = 40.883 kBtu/yr + 80,038 kBtu/yr + 6,803 kBtuwyr
= 107,522
Adjust to Therm = 107,522 kBtu/yr x {1 therm/100,000 Btu) x (1,000 BtwkBtu)
= 1,075
= 1,075 themniyr x (1/70%)
= 1,538
= 1,538 them/yr
Energy Savings:
Cooling = 10,353 KWh/yT - 6,260 KWhiyr
= 4,093
= 4,093 kWhvyr for a 10 ton unit According to Advice Filing p. AC-33
Haating = 2,831 therms/yr - 1,536 therms/yr
= 1,095
= 1,095 thems/yr for a 250 kBtuh unit According to Advice Filing p. AC-33

bin analysis
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RE Setback Therm.xls

4) Evaluation Estimates:
For Baseline and Business Hours energy usage, see advice filing,
Revisad Energy Use 7:00PM - 6:00AM
Heating and Cooling Load Calcutatl for San Jose
Outside Air Total Bin % OSA Retumn Air Mixed Air Supply Air Cooling Heating
(F) (hriyr) F} (F) (F) (kBtuyr) (kBtuyn)
92 2 20% 85 88.4 82.2 48 0
87 e 20% 85 85.4 842 52 0
! 82 31 20% 85 84.4 88.2 0 0
‘ 77 85 20% 85 83.4 88.2 0 0
72 242 20% 85 82.4 90.2 0 0
87 561 20% 85 814 922 0 0
82 1,148 20% 85 B80.4 942 0 o]
57 1.414 20% 85 79.4 1018 0 0
52 1,150 20% 55 54.4 568 0 14,973
47 735 20% 55 534 59.8 0 25,519
4?2 373 20% 55 §2.4 82.8 0 21,045
37 119 20% 55 51.4 85.8 0 9,296
32 21 20% 55 50.4 68.8 0 2,098
27 1 20% 55 49.4 71.8 [+] 122
Total 5,890 Totat 98 73,051
Recreated from Advice Filing p.AC-33 (Thermostat Set-back)
Setback Energy Usage:
Cooling = Cooling Loads (kBtu/yr) x (1 ton-hr/12 kBtu) x 1.3 kWfton
= 5,374 kBtu/yr x (1 ton-hr/12 kBtu} x 1.3 kWiton
=M
= 14 kWhiyr
Heating = Heating Loads (kBtu/yr) x {1 ton-hr/100 kBtu) x 1/Efficiency
= 60,038 kBtwyr x (1 therm/100 kBiu) x 1/70%
= 1,044
= 1,044 thermms/yr
Totat Retrofit Energy Use:
Assume same "ramping” used in the Advice Filing.
Cooling = 48,473 kBtu/yr + 98 kBtwyr +3,939 kBtu/yr
= 52,510
Adjust to kWh = 52510 kBtu/yr x (1 ton/12,000 Btu) x (1,000 Btu/kBtu)
= 4,378
= 4,378 tonvyr x 1.3 kW/ton
= 5,889
= 5,689 kWhtyr
Heating = 40,883 kBtu/yr + 73,051 kBtulyr + 6,803 kBtufyr
= 120,537
Adjust to Therm = 120,573 kBtu/yr x (1 therm/100,000 Btu) x (1,000 Btu/kBtu)
= 1,205 ‘
= 1,205 themn/yr x (1/70%)
= 1722
= 1,722 themvyr ‘
Energy Savings: ‘
Cootling = 10,353 kWh/yr - 5,688 kWhvyr .
= 4,664
= 4,684 xWhvyr for & 10 ton unit
Heating = 2,631 themns/yr - 1,722 therms/yr
= 909
= 908 therms/yr for a 250 kBtuh unit ‘
5) Summary of Rasuits:
Impact Type Impact Ri Climate Zone Spocific imp ‘
{per 10-ton unit) | Advice Flling | Evaluation Source Climate Zone | kWhiton i
NC Demand (kW) - - Ccz_1 734 ‘
Coinc. Demand (kW) - - cz 2 5468.9
Annual Energy (KWh 4,093 4,684 Evaluation CzZ3 2533
czZ_4 559.6 ‘
CZ_5 305.9
cze 597.9 ‘
cz7 7842
czs 844.2 ‘
cz_9 0422 |
cz_10 1059.4
cz_1 1043.7 ‘
cz_12 736.6
cz_13 1368.5
CZ_14 1307.2
cz_15 24352
CZ_18 489.2
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RE Setback Therm.xis

6} Adjust Energy Impacts by Conditioned Area:

‘ ’ Advice Filing Assumptions:
\ Cooling Energy Savings = 4,884 kWh/yr for a 10 ton unit

= 486.4 KWhiyr-ton
Heating Energy Savings = 809 therms/yr for a 250 kBtuh unit
= 3.638 therms/yr-kBtuh
AC Sizing = 1 tor/500 sqft According to Advice Filing p. AC-31
Fumace Sizing = 50 Btuh/sqft According to Advice Filing p. AC-31

Evaluation Energy Estimate:
Cooling = (Conditioned Area) x (1 ton/500 sqft) x 486.4 KWh/yr-ton

Heating = (Conditioned Area) x (50 Btuh/sqft) x {(3.838 therms/yr-kBtuh) x {1 kBtuh/1,000 Btuh)

bin analysis Page 4




Package Terminal AC Units

Measure Installation of high efficiency packaged terminal air-conditioners
Description: and heat-pumps. This measure provides an incentive to install
PTAC and PTHP units that exceed Title20 standards.

Summary of Advice Demand and energy impacts were developed using equivalent full
Filing Calculations:  load hours (ELFHs), coincident demand factors (CDFs), and system

efficiency.
Comments on Calculation methods cited in the Advice Filing do not accurately
Advice Filing model participant specific retrofits. This is due to a generalized
Calculations: assumption regarding typical efficiency and capacity upgrades.
Comments on Sufficient data are not available to verify either the CDF or the
Advice Filing EFLH values used in the calculation.

Inputs:

ELFHs do not take climate zone variation into account.

Evaluation Process:  Using the change in EER for each site (based upon the MDSS), a
. revised equation was used in conjunction with Advice Filing EFLH
and CDF values, to estimate per participant impacts.

Additional Notes:

Quantum Consulting Inc. Attachment 2-2 Standard HVAC Measure Analysis




RE PTAC.xis

Package Terminal AC

1) Instalt high efficlency PTAC and PTHP.
Units must exceed Title 20 standards.

2) Ex-ante Assumptions Used In Calculations:

Equivalent Full Load Cooling Hours

Market Segment |Hours/Year
Schools K-12 500
Hotel/Motel 700
Grocery 600
College 1,200
Warehouse 300
Office 1,000
Hospitals 1,900
Other 1,200
Retail 800
Restaurant 1,300
Process Industry 800
Assembly Industry 2,100

Advice Filing, Table 1, p. AC4
EER = 10.0 - (0.16 x Capacity Btuh)
3) Advice Filing Estimates:

Demand Savings:
Measure Demand Savings = kW Title 20 - kW High Efficiency Unil, according to Advice Filing, p. AC-17

kW = 12 x tons/EER according to Advice Filing, p. AC-17

Measure Demand Savings

Tons Title 20 Title 20 igh Efficiency High Efficiency |Demand Savings |Demand Savings
EER kW EER kW KW kWiton-EER
06 8.9 0.809 9.5 0.758 0.051 0.142
0.8 86 1116 9.6 1.000 0.116 0.145
1 8.0 1.500 9.1 1.319 0.181 0.165
1.3 7.6 2.053 9.1 1.714 0.338 0.174
Advice Filing p. AC-17 Average = 0.156

Advice Filing lists 0.157, the diff. is due to rounding

Coincident Demand Savings = Measure Demand Savings x 0.75 CDF
= 0.156 kWiton-EER x 0.75 CDF
= 0117
= 0.117 kWion-EER Advice Filing lists 0.118, the diff. is due to rounding

Pack. AC AF Page 1




RE PTAC xlIs

Energy Savings:

Annual Energy Savings = Measure Demand Savings x EFLCH
= 0.156 kWiton-EER x EFLCH

Colncident Energy Savings

Annual Energy
Market Segment | Hours/Year Savings

kWh#on-EER
Schools K-12 500 78
Hotel/Motel 700 109
Grocery 600 94
College 1,200 187
Warehouse 300 47
Office 1,000 156
Hospitals 1,800 296
Other 1,200 187
Retail 800 125
Restaurant 1,300 203
Process Industry 800 125
Assembly Industry] 2,100 328

Advice Filing, p. AC-18
Values are slightly different than Advice Filing, due to using 0.156 kWiton-EER as opposed to 0.157 kWion-EER

4) Evaluation Estimates:
Demand Savings:
EER is not linear.

For this reason, calculating an impact using the unit kWfton-EER is only valid for a very small range of EER values.

Demand estimates are developed at a per unit basis.

Demand Savings = (Capacity, Btuh) x (1/EERtitle20 - 1/EERretrofit) x (1kW/1,000 Watts)
Coincident Demand Savings = Demand Savings x CDF
CDF = varies by climate zone and business type (0.75 used in sample calculations)

Tons Capacity Title 20 igh EfficiencyDemand SavingiCoincident Demand
Btuh EER EER kW Savings kW
0.6 7,200 8.9 9.5 0.051 0.038
o8 9,600 86 9.6 0.116 0.087
1 12,000 8.0 9.1 0.181 0.136
1.3 15,600 7.6 9.1 0.338 0.254
Energy Savings:

Energy savings are also determined at a per unit level.

= Measure Demand Savings x EFLCH
Assume 1 ton unit with 1.1 change in EER
0.181 kWiton x EFLCH

Sample Energy Savings Using 0.181 kWi/ton

Annual Energy

Market Segment | Hours/Year Savings

kWh
Schools K-12 500 91
HoteUMotel 700 127
Grocery 600 109
College 1,200 217
Warehouse 300 54
Office 1,000 181
Hospitals 1,900 344
Other 1,200 217
Retail 800 145
Restaurant 1,300 235
Process Industry 800 145
Assembly Industry] 2,100 380

Pack. AC AF

Page 2




Reflective Window Film

Measure
Description:

Summary of Advice
Filing Calculations:

Comments on
Advice Filing
Calculations:

Comments on
Advice Filing
Inputs:

Evaluation Process:

Additional Notes:

Provides an incentive for the installation of reflective window film
on clear non-North facing glazing.

Cooling loads attributable to solar heat gain were calculated using
equation 27.41 of the ASHRAE Fundamentals Handbook (p.27.24).
Per square foot energy and demand impacts were estimated for
applied reflective film.

Methods used to determine energy and demand impacts are valid.

A review of the inputs from ASHRAE revealed a discrepancy
between the annual solar heat gains listed in ASHRAE and those
used in Advice Filing calculations.

Energy and demand estimates were developed using the correctly
applied ASHRAE method.

Quantum Consulting Inc.

Attachment 2-3
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RE Window Film.xls

Reflective Window Film
1) tnstall reflective fllm on clear glass, non-North facing exposures.
2) Ex-ante Assumptions Used in Calculations:

Clear glass SC = 0.95 ASHRAE 1993 Fundamentals p.27.19 table 11
Glass with reflective coating SC = 0.45 ASHRAE 1993 Fundamentals p.27.36 table 28
Solar data based on ASHRAE 1989 Fundamentals, p.27.10,latitude = 40 degrees
Radiation data multiplied by 75% to account for variations in shading and clearmess.
Assume 75% fenestration for vertical surfaces.
Average cooling efficiency = 1.3 kWiton
Conversion of kW/ton to EER:
= 1/(1.3 KWiton) x (1 ton/12 kBtu))
=923
= 9.23 Btu/W (EER)
Sample Building
Height = 30 ft
Footprint = 100 ft x 100 ft
Building Surface Area = 30,000 sqft
While building surface area is not needed for our analysis, the calculation is wrong.
Evaluation Building Surface Area = (4 x 100 ft x 30 ft) + 100 ft x 100 ft
= 22,000
= 22,000 sqft

Solar Load, South = 309 kBtu/sqft-yr
Solar Load, East-West = 241 kBtu/sqft-yr

3) Advice Flling Estimates:

. Energy Savings:
Assume 2,250 sqft of glazing per orientation.
Orientation Area Solar Load  Annual Solar Load

(sqft) (kBtu/sqgft-yr) (kBtu/yr)

South 2,250 309 695,250

East 2,250 241 542,250

West 2,250 241 542,250
Sum 6.750 1,779,750

Advice Filing table, p.AC-35

Baseline Solar Gain = 0.95 SC x 1,779,750 kBtu/yr
= 1,690,763
= 1,690,763 kBtu/yr
Retrofit Solar Gain = 0.45 SC x 1,779,750 kBtu/yr
= 800,888
= 800,888 kBtu/yr
Annual Energy Savings = (1,690,763 kBtu/yr) - 800,888 kBtu/yr
= 889,875
Adjust to kWh = 889,875 kBtu/yr x 1ton/12,000Btu/hr x 1,000 Btu/kBtu
=74,156
= 74,156 ton-hr/yr x 1.3 kWfon
= 06,403
(96,403 kWh/yr)/6,750 sqft
14.28
14.28 KWhisqft-yr

Window Film, AF

Page 1




RE Window Film.xis

Demand Savings:
Advice Filing estimate:
Average Peak Gain

Orientation (Btu/hr-sqRt)
East 216
South 333
West 25

Total 2743

Average 91.43

Advice Filing, p.AC-36

Altemate Calculation:
Total Average Peak Gain = 274.3 Btu/sqft x 2,250 sqft  Total Average Peak Gain = 91.43 Btu/hr-yr x 6,750 sqft

=2 617175 = 617,153
Account for Load Time Delay = 617,175 Btu x 0.65 mass coefficient
= 401,164
Adjusted to kW = 401,164 Btu/hr x 1 ton/12,000 Btu/hr x 1.3 kWiton
= 43.46
= 43 kW
Demand Savings =43 kW/6,750 sqft
= 0.0064
= 0.0064 kW/sqft

This would assume a 100% reduction in solar gains during the peak hour.

4) Evaluation Estimates:

Calculate Baseline Solar Gains Using ASHRAE Fundamentalst:

Month Half Day SHGF | Half Day SHGF | Half Day SHGF Daily SHGF  |Annual SHGF| Dally SHGF (Annual SHGF
East South West East-West East-West South South
(Btu/hr-sgft) (Btu/hr-sqft) (Btu/hr-sqft) Btu/sqft-day Biu/sqft-yr | Btu/sqft-day | Btu/sqft-yr
January 452 813 62 514 15,934 1626 50,406
February 648 821 85 733 20,524 1642 45976
March 832 694 114 946 29,326 1388 43,028
April 957 488 148 1105 33,150 976 29,280
May 1024 358 176 1200 37,200 716. 22,196
June 1038 315 188 1226 36,780 630 18,900
July 1008 352 181 1189 36,859 704 21,824
August 928 474 157 1085 33,635 948 29,388
September 787 672 119 906 27,180 1344 40,320
October 623 791 89 712 22,072 1582 49,042
November 445 798 63 508 15,240 1596 47,880
December 374 775 53 427 13,237 1550 48,050
Sum = 321,137 Sum = 446,290

ASHRAE Fundamentaist p.27.23, Table 15

East-West Solar Gain = 321,137 Btu/sqft-yr x .75 shading factor
= 241
= 241 kBtu/sqft-yr

South Solar Gain = 446,290 Btu/sqft-yr x .75 shading factor
= 335
= 335 kBtu/sqft-yr
Advice Filing calculates 309 kBtu/sqft-yr for South solar gain, which is not consistent with the Evaluation estimate.
Application of a 75% shading factor renders this a conservative estimate.
Potential loads on unshaded surfaces could be as high as 100% of those estimated.

Calculate Baseline Peak Solar Gains Using ASHRAE Fundamentalst:

Window Film, AF Page 2




RE Window Film.xls

Peak Hour Solar Gains (Btu/hr-sqft) ]
8.00 AM, 4:00 PM|9:00 AM, 3:00 PM |10:00 AM, 2:00 PM
June (ave) 90.67 89.67 83.00
East 216 192 145
South 29 45 69
West 27 32 35
July (ave) 90.67 92.00 87.33
East 216 193 146
South 30 52 81
West 26 31 35
August (ave) 93.33 101.67 99.33
East 216 197 150
South 41 80 116
West 23 28 32
Average 91.56 94.44 89.89
East 216 194 147
South 333 59 88.7
West 253 30.3 34

ASHRAE Fundamentalst p.27.23, Table 15

Peak solar gains occur during the 9:00 AM or 3:00 PM hour.

Advice Filing uses values from the 8:00 AM or 4:00 PM hour (in bold).

Energy Savings:
Assume 2,250 sqft of glazing per orientation.
Orientation Area Solar Load Annual Solar Load
(sqft) {kBtu/sqft-yr) (kBtu/yr)
South 2,250 335 753,750
East 2,250 241 542,250
West 2,250 241 542,250
Sum 6,750 1,838,250

Adbvice Filing table, p.AC-35

Baseline Solar Gain = 0.95 SC x 1,838,250 kBtuiyr

1,746,338
1,746,338 kBtulyr

Retrofit Solar Gain = 0.45 SC x 1,838,250 kBtu/yr

827,213
827,213 kBtulyr

Annual Energy Savings = (1,746,338 kBtu/yr) - 827,213 kBtu/yr

919,125

Adjust to kWh = 919,125 kBtu/yr x 1ton/12,000Btu/hr x 1,000 Btu/kBtu

Demand Savings:
Baseline Peak Gain =

76,594

76,594 ton-hrfyr x 1.3 kWiton

99,572

(977.527 KWhiyr)i6,750 sqft

14.74
14.74 kWh/sqft-yr

(216 Btu/sqft + 33.3 Btu/sqft +25.3 Btu/sqft) x 2,250 sqft

617,850

= 617,850 Btu x 0.95 SC

586,958

Adjust for Load Time Delay = 586,958 Btu x 0.65 mass coefficient factor

381,522
381,522 Btu

Retrofit Peak Gain = 617,850 Btu x 0.45 SC

Adjust for Load Time Delay =

Demand Savings =
Adjusted to kWisqft =

Coincident Demand Savings =

278,033

278,033 Btu x 0.65 mass coefficient factor

180,721
180,721 Btu

381,522 Btu - 180,721 Btu

200,801

(200,801 Btu x 1 ton/12,000 Btu/hr x 1.3 kWiton)/6,750 sq

0.0032
0.0032 kW/sgft

0.0032 kW/sqft x 0.75 CDF

0.0024
0.0024 kWisqft

Window Film, AF
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RE Window Film.xls

5) Summary of Results:

Impact Type Impact Recommended
(per sqft of film) Advice Flling Evaluation Source
Coinc. Demand (kW) 0.0064 0.0024 Evaluation
Annual Energy (kWh) 14.28 14.74 Evaluation
6) Sources

1 ASHRAE Handbook, "Fundamentals”, American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.
Atlanta, GA, 1993

Window Film, AF
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Direct Evaporative Coolers

Measure Provides an incentive for the replacement of an existing AC unit
Description: with an equally sized direct evaporative cooler system. Measure
participation is restricted to certain climate zones.

Summary of Advice Demand and energy savings were developed on a per ton basis for
Filing Calculations:  each climate zone using fan operating characteristics, temperature
design conditions, and cooling degree hours.

Comments on Calculation methods cited in the Advice Filing do not accurately
Advice Filing model participant specific retrofits. In some cases, negative
Calculations: demand and energy savings are calculated.

Comments on The inputs used in the calculations do not account for variations in
Advice Filing evaporative cooler fan size.

Inputs:

Evaluation Process: Demand and energy savings were determined using climate zone-
specific cooling degree hours, fan motor horsepower and the
efficiency of the existing AC unit. Impacts were developed using
motor efficiency values listed in the baseline assumptions for the RE
Motors program.

Additional Notes:

Quantum Consulting Inc. Attachment 2-4 Standard HVAC Measure Analysis




RE Evap Cooler.xls

Direct Evaporative Cooler
1) Replace an existing AC unit with an equally slzed direct evaporative cooler. ‘
2) Ex-ante calcuiation assumptlons: ‘

1997 Advice Filing Assumptions
High comfort occupancy has an intemal requirement of 76 F, 60% RH.
For a 5 F At between entering DB and interior design DB, the outside WB temp must be 64 F or lower.
Low comfort occupancy has an intemal requirement of 84 F, 60% RH.
For a 5 F At between entering DB and interior design DB, the outside WB temp must be 72 F or lower.
4 hp of fan energy is required to move 12,000 ¢fm at 0.5 in static pressure.
This is consistent with manufactures’ data.
Conventional HVAC system efficiency Is 1.3 kWiton.
To convert from hp to kW use 0.746 kWihp.
The heat capacity of air is 1.08 Btu/hr-F-cfm.

4) 1997 Advice Flling Estimates:
The following estimates were developed by PG&E for the 1997 Advice Filingt.
Evaporative Capacity:
Q = cfm x At x 1.08 Btu/hr-F-cfm
where:
Q = evaporative capacity (Btu/hr)
¢fm = cubic feet per minute
At = temperature differential between indoor design conditions and supply air temperature

that can be generated without exceeding the moisture ratio of the design conditions.
= Indoor design temp - {DB design temp - [70% effectiveness x (DB design temp - WB design temp)]}

Climate Zone DB Design WB Design Exit temp from Evaluation Advice Filing Capacity Capacity
temp (F) temp (F) evap. At (F) At (F) (Btu/hr), (tons)

2 90 65 725 11.5 115 149,040 12.42

4 83 71 74.6 8.0 80 103,680 8.64

5 77 65 68.6 154 154 199,584 16.63

11 96 66 75 9.0 9.0 116,640 9.72

12 93 68 75.5 8.5 85 110,160 9.18

13 99 71 79.4 46 46 59,616 497

16 99 63 73.8 10.2 10.2 132,192 11.02

Evaporator Fan Demand:
A 4 hp fan can move 12,000 ¢fm
= 4 hp x 0.746 KkWhp
2.984
2.984 kW

Demand Savings:

baseline demand (kwW#Aon) - [fan demand (kW)/evaporator capacity (tons})
1.3 kWion - 2.984 kWi/capacity (tons)

Energy Savings:
| = demand savings (kW/ton) x cooling degree hours (CDH) |
Climate Zone emand Savingqd AF Dem. Savings, CDH Energy Savings | F Energy Savings
{kWfton) (kWHon) {hours) (kWh#on) (kWh/ton)
2 1.06 1.04 1,003 1,063 1,043
4 0.95 0.93 861 822 801
5 1.12 1.11 493 552 547
1 0.99 0.97 1,729 1,717 1,677
12 0.97 0.95 1,331 1,298 1,264
13 0.70 0.65 2,252 1575 1,464
16 1.03 1.01 720 741 727

5) Evaluation Estimates:
Use method described in the RE Motors program. (Advice Filing, p.MT-8).
Baseline efiiciency for a 4 hp motor = 83%, according to Advice Filing p.MT-9
Load factor is assumed to be 75%, according to Advice Filing p.MT-8

1997 AF Analysis Page 1




RE Evap Cooler.xIs

Fan Demand:

kW/hp x hp x 1/eff x % load

= 0.746 kW x 4 hp x (1/83% eff) x 75% load
= 2696

= 2.696 kW/12,000 c¢fm

Demand Savings:

[baseline demand (kW/ton)] - {fan demand (kW)/evaporator capacity (tons)]
[(1.3 kWiton)] - 2.696 kW/capacity (tons)

Coincident Demand Savings:
= [basetine demand (kW/ton) x CDF] - {fan demand (kW)/evaporator capacity (tons))
= [(1.3 kW/ton) x 75%)] - 2.696 kW/capacity (tons)

Energy Savings:
= demand savings (kW) x cooling degree hours (CDH)

6) Summary of Results:

Climate Zone Demand Savings Coincident Demand Savings Cooling Degree Energy Savings ]
Evaluation 997 Advice Filing Evaluation 997 Advice Fiiin Hours Evaluation |97 Advice Filing
(kWhon) (kWHhon) (kWiton) (kWiton) (hours) (kWhfton) (kWhiton)
2 1.08 1.04 0.76 0.78 1,003 1.086 1,043
4 0.99 0.93 0.66 0.698 861 851 801
5 1.14 1.1 0.81 0.833 4393 561 547
1 1.02 0.97 0.70 0.728 1,729 1,768 1,677
12 1.01 0.95 0.68 0.713 1,331 1,339 1,265
13 0.76 0.65 0.43 0.488 2,252 1,705 1,464
16 1.06 1.01 0.73 0.758 720 760 727
7) Sources

t PGAE, "1997 Customer Energy Efficiency Programs, Advice Letter No. 1978-G/1608-E Workpapers"; pp. AC-23 to AC-25
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Bypass Timer

Measure
Description:

Summary of Advice
Filing Calculations:

Comments on
Advice Filing
Calculations:

Comments on
Advice Filing
Inputs:

Evaluation Process:

Additional Notes:

Installation of a bypass timer to control the fans of a space which is
intermittently occupied after hours when the space conditioning
system is off.

Using fan motor horsepower, assumed hours of operation and a fan
load/efficiency value, energy savings were developed. No demand
savings are estimated since bypass timers do not affect the peak
demand.

The percent a fan is loaded is generally independent from
efficiency.

The fan load/efficiency value is not substantiated with
documentation. Assumed hours of operation are poorly
documented.

Energy impacts were developed using fan load and motor efficiency
values listed in the baseline assumptions for RE HVAC measures
and the RE Motors program, respectively.

Quantum Consulting Inc.

Attachment 2-5
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RE Bypass Timer.xls

Bypass Timer

1) Install a bypass timer for a zons intermittently occupied after hours when conditioning Is scheduled off.
Timer controls the fans of a central AC system.

2) Ex-ante ion assumptions:
Average occupancy of zone is 2 hours per night.
Existing fan power = 1.0 hp.
Fans operate at 80% load/efficiency.
This value appears to be a combination of fan toad and fan efficiency.
These two variables are independent of each other, and so should not be combined.
To convert from hp to kW use 0.746 kWhhp.
Baseline assumes fans are on for 11 hours a day, 2680 days a year after business hours.

According to the Setback Programmable Thermostat measure, business hours are from 7:00 AM to 8:00 PM (11 hrs),

This implies that the system would be off for 13 hours (24 hr- 11 hr).
Retrofit assumes fans are on for 2 hours a day, 5 days a week afler business hours.

Savings associated with the compressor are ignored, as night cooling loads are small due to low occupancy and low ambient temperatures.

Heating savings are not determined.

3) Advice Fillng Estimates:
Baseline Energy Use:
= 1 hp x 0.746 kW/hp x 80% load/eff x 11 hrs/day x 260 days/yr
= 1,707
= 1,707 kWhiyr
Advice Filing lists 1,797 kWh/iyr (AC-78)

Energy Savings:

1 hp x 0.746 kWhp x 80% eff. x (11 - 2 hrs/day ) x 260 daysfyr

1,397

1,397 kWhiyr

This is 82% of the baseline. 82%

Advice Filing also lists 82% (p.AC-78) which indicates that the 1,787 kWh/yr value was typed incorrectly.

NC Demand Savings:
= 1 hp x 0.746 kWhhp
= 0.746 kW

Cycle Peak Coincident Demand Savings:

0.748 kW x 0.82 x 0.75 CDF
0.459

0.459 kW

Demand savings is counted towards off-peak and partial-peak savings only, and is not applied to the MDSS.

5) Evaluation Estimates:
Use method described in the RE Motors proggram, (Advice Filing, p.MT-8).
Baseline efficiency for a 1 hp motor = 77%, according to Advice Filing p.MT-7
Load factor is assumed to be 80%, according to Advice Filing p.NRR-64

Basaeline Energy Use:
= 1hp x 0.746 kWhp x (1/77% eff.) x 80% load x 11 hra/day x 260 days/yr 0.9375
= 2217

2.217 kWhiyr

Energy Savings:

1 hp x 0.748 kWp x (1/77% eff.) x 80% load x (11 - 2 hrs/day) x 260 days/yr
1,814

1,814 kWhiyr

This is B2% of the baseline. 82%

NC Demand Savings:

= kW x 1/eff x % load x (impact hours/baseline hours)
0.748 kW x (1/77% eff) x 80% load x (8 hrs/11 hrs)
0.634
0.634 kW

Coincident Demand Savings:
Since fans are assumed to run continuously during the peak period, the coincident demand savings are zero.

6) Summary of Results:

impact Type Impact Recommended
(per timer) Advice Filing Evaluation Source
Coinc. Demand (kW) 0 [
Annual Energy (kWh) 1,397 1.814 Evaluation
AF analysis
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Timeclock
Measure
Description:

Summary of Advice
Filing Calculations:

Comments on
Advice Filing
Calculations:

Comments on
Advice Filing
Inputs:

Evaluation Process:

Additional Notes:

Installation of timeclocks, which regulate HVAC usage in spaces
with regular occupied and unoccupied periods.

A bin analysis method was employed to create per timeclock
energy impacts. Demand impacts were not calculated, as
timeclocks do not affect peak demand.

Program review has shown that the per-unit impacts were applied
to each participant with the assumption that each timeclock
controlled the conditioning of 5,000 sq ft of office space, regardless
of building size or type. These impacts were not adjusted to
account for different climate zones.

Weather data was for San Jose, and thus only represented one
climate zone.

Energy and therm impacts were developed using modified return
air values during setback hours and binned weather data from all
16 California climate zones. A conditioned square footage value
was developed for each participant using MDSS data. Climate
zone-specific impacts (leveraged by square footage) were then
applied.

If the ex ante assumptions for a given premise indicated only
energy impacts, then no therm impact was developed.

Quantum Consulting Inc.
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RE Timeclock xls

Timectock - Electronic:
1) Installs electronic timeclocks {n spaces with regutar occupled and unoccupled perlods.
2) Assumptions used In Advice Fillng:

Office hours = 07:00-18:00 M-F
Occupied Hours = 11 hr/day x 5 dayweek x 52.14 waek/yr
= 2,868
= Listed as 2,870 hrfyear
AC size = 10 tons (120,000 Btu)
AC Efficiency = 1.3 kWAon with out fans .
EER = 9.23 Btu/Watt (calculated in spreadsheet "Window Film AF™)
Area servicediton = 500 sqfiton
Heating size = 250 kBtuhr
Heating efficiency = 70%
Area served = 50 Btu/hr-sqft
Totat cfm = 5,000
Fanhp =3
Qutside Supply Air = 20%
Location = San Jose, ASHRAE bin weather data

A bin analysis method Is used, where:
OSA = outside air temp (F)
Bin = hours per year that temp is in a given range (hriyr)
% OSA = percent outside air (fixed at 20%)
Ret Air = retumn air temp (F}
Mix Alr = mixed air temparature
= (% OSA x OSA) + [(1 - % OSA) x Ret Alr]
67 F = temp at which system switchas fram cooling to heating
SAT = supply air lemp (F)
SAT (cooling) = 67 F + {[67 F - OSA)/5) x 2}
SAT (heating) = 67 F + {{67 F - OSA)/5) x 3}
Heating Loads (kBlulyr) = [SAT - Mix Air (F)] x Bin (hriyr) x (1.085 Btu/hr-F-CFM) x Air Flow (CFM)
Cooling Loads (kBtu/yr) = [Mix Air - SAT (F)] x Bin (hr/yr) x (1.085 Btuhr-F-CFM) x Air Flow (CFM)

S Heating and Cooling Load C for San Jose
Outside Air Total Bin % OSA Return Air Mixed Air Supply Air Cooling Heating
{F) (hriyr) (F)_ (F) (F) (kBtutyr) (kBtulyr)
92 6 20% 74 778 57 671 0
87 24 20% 74 76.6 59 2,292 0
82 84 20% 74 756 61 6,653 o]
77 207 20% 74 746 63 13,027 0
72 535 20% 74 736 65 24,960 0
67 1,077 20% 74 7286 87 32,719 0
62 1,756 20% 74 716 70 15,242 o
57 1,977 20% 74 708 73 0 25,741
52 1.545 20% 74 69.6 76 0 53,642
47 935 20% 74 686 79 0 52,753
42 451 20% 74 67.6 82 0 35232
37 138 20% 74 68.6 85 [+} 13.775
32 24 20% 74 65.6 88 0 2,916
27 1 20% 74 646 91 0 143
Total 8,760 Tota! 95,564 184,203
Recreated from Advice Filing p.AC-28 (Thermostat Set-back)
Baseline Energy Usage:
Cooing = Cooling Loads (kBtu/yr) x (1 ton-hr/12 kBtu) x 1.3 kWhan
= 95,564 kBtulyr x (1 ton-hr/12 kBtu) x 1.3 kWihon
= 10,353
= 10,353 kWniyr for San Jose
Heating = Heating Loads (kBtwyr) x (1 therm/100 kBtu) x 1/Efficiency
= 184,203 kBtu/yr x (1 therm/100 kBtu) x 1/70%
= 2,631 R
= 2,631 themm/yr for San Jose 1
Revised Energy Use 7:00AM - 6:00PM
Sample Heating and Cooling Load C. for San Jose
Qutside Air Total Bin % OSA Retumn Air Mixed Air Supply Air Cooling Heating
{F) (hriyr) (F) (F) {F} (kBuyn | (kBuyn
92 4 20% 74 776 57 447 0
a7 16 20% 74 766 59 1.528 0
82 53 20% 74 75.6 61 4,198 0
77 122 20% 74 746 63 7677 0
72 293 20% 74 736 65 13,670 [
67 516 20% 74 726 67 15676 Q
62 608 20% 74 716 70 5,277 0
57 563 20% 74 706 73 4] 7.330
82 395 20% 74 69.6 76 [} 13,714
47 200 20% 74 68.6 79 0 11,284
42 78 20% 74 676 82 4] 6,003
37 19 20% 74 66.6 85 0 1,897
32 3 20% T4 6586 88 0 365
27 0 20% 74 84.6 91 0 0
Total 2,870 Total 48.473 40,683
Advice Filing lists tota! bin as 2,879 hours, but calculations do not support this. Recreated from Advice Filing p.AC-29 (Thermostat Set-back)
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RE Timeclock.xis

Business Hours Energy Usage:.

Cooling = Cooling Loads (kBtu/yr) x {1 ton-hr/12 kBtu) x 1.3 KWfon
= 48,473 kBtuiyr x (1 ton-hi/12 kBtu) x 1.3 kwwiton
= 5251
= 5,251 kWhiyr for San Jose

Heating = Heating Loads (kBtu/yr) x (1 therm/100 kBtu) x 1/Efficiency
= 40,683 kBtufyr x (1 therm/100 kBtu) x 1/770%
= 581
= 581 therm/yr for San Jose

Additional warm-up/cool-down loads:

Cooling = 16 F x (1.5 hr/day x 3 mo/yr x 22 day/mo} x 1.085 Btu/cfm-deg-hr x 5,000 cfm
= 8,593,200
= 8,593 kBtutyr

Heating = 24 F x (1.5 hr/day x 3 mo/yr x 22 day/mo) x 1.085 Btu/cfm-deg-hr x 5,000 cfm
12,889,800

12,890 kBtusyr

Total Retrofit Energy Use:

Cooling = 48,473 kBtu/yr + 8,593 kBtu/yr

= 57,066
Adijust to kWh = 57,068 kBtu/yr x (1 tor/12,000 Btu) x (1,000 BtuwkBtu)

= 4,756
= 4,756 tonfyr x 1.3 kWiton
= 6,182
= 6,182 kWhiyr

Heating = 40,683 kBtu/yr + 12,890 kBtutyr
= 53,573

Adjust to Therm = 53,573 kBtu/yr x (1 therm/100,000 Btu) x {1,000 BtukBtu)
=536
= 536 thermAyr x (1/70%)
= 765
= 765 tharm/yr
Energy Savings:

Cooling = 10,353 kWhvyr - 6,221 kWhiyr
=417
= 4,171 kWhiyr for 8 10 ton unit According to Advice Filing p. AC-30

Heating = 2.631 therms/yr - 765 therms/yr
= 1,866
= 1,866 therms/yr for a 250 kBiuh unit According to Advice Filing p. AC-30

4) Evatuation Estimates:
See Advice Filing estimates for example using San Jose weather.
Impacts devatoped for all climate zones.

5) Summary of Results:

Impact Type Imp R ded| Climate Zone Specific Impacts:

(per 10ton unit) | Advice Flling Source Climate Zone | kWhiton
NC Demand (kW) B - CZ_1 28
Cainc. Demand (kwy - - cz2 5234
Annual Energy (kWh 4,171 4,171 Evaluation czZ3 202.9
CczZ_4 5147
czZ_5 255.7
(o7 4] 5476
cz_7 714.4
cz.8 807.3
czs 9131

Ccz_10 1071.0

CZ_11 1060.5
Cz_12 7225

CZ_13 14079

CZ_14 1364.6

CzZ_15 2731.7
CZ 18 460.1

6) Adjust Energy Impacts by Conditioned Area:
Advice Filing Assumptions:
Cooling Energy Savings = 4,171 kWn/yr for a 10 ton unit
= 417.1 kWhiyr-ton
Heating Energy Savings = 1,868 therms/yr for a 250 kBtuh unit
= 7.464 therms/yr-kBtuh
AC Sizing = 1torv500 sqft  According to Advice Filing p. AC-28
Fumace Sizing = 50 Btuh/sqft  According to Advice Filing p. AC-28

Evaluation Energy Estimate:
Cooling = (Conditioned Area) x (1 torv500 sqft) x 417.1 kWh/yr-ton

Healing = (Conditioned Area) x (50 Btuh/sqft) x (7.464 therms/yr-kBtuh) x (1 kBtuh/1.000 Btuh)

AF Analysis

Page 2




Water and Evaporative Cooled Single Package AC Unit

(935,000 Btu/hr)

Remote Condensing Unit (RCU); Air-Cooled

(935,000 Btu/hr)

Remote Condensing Unit (RCU); Water- and Evaporative- Cooled (935,000 Btu/hr)

Measure
Description:

Summary of Advice
Filing Calculations:

Comments on
Advice Filing
Calculations:

Comments on
Advice Filing
Inputs:

Evaluation Process:

All three measures involve the replacement of an existing standard-
efficiency AC unit with a high-efficiency unit that exceeds Title20
specifications.

Demand and energy impacts were developed using equivalent full
load hours (ELFHSs), coincident demand factors (CDFs), and system
efficiency.

Calculation methods cited in the Advice Filing do not accurately
model participant specific retrofits. This is due to a generalized
assumption regarding typical efficiency and capacity upgrades.

Baseline efficiencies are consistent with Title20 standards.

Sufficient data are not available to verify either the CDF or the
EFLH values used in the calculation.

ELFHs do not take climate zone variation into account.

Using the change in EER for each site (based upon the MDSS), a
revised equation was used in conjunction with EFLHs (developed
as part of the evaluation of the RE Central AC measures), to
estimate per participant impacts.

Quantum Consulting Inc.
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RE Misc.xls

Water and Evaporative Cooled Singte-Package AC Unit
Remote Condensing Unit (RCU); Air-Cooled
Remote Condensing Unit (RCU); Water and Evaporative Cooled

1) Installation of high-efficiency AC units using the different technologies described.
Units must exceed Title 20 standards.

2) Ex-ante A pth Used in Calculati
Basetine Tille20 Efficiencies:
Evap Single-Package AC = 9.6 EER
RCU Air-cooled = 9.9 EER
RCU Evap-cooled = 12.9 EER
These values were verified using CEC documentation.

Equivalent Full Load Cooling Hours

Market Segment |Hours/Year
Schools K-12 500
HoteVMotsel 700
Grocery 600
College . 1,200
warehouse 300
Office 1,000
Hospitals 1,900
Other 1,200
Retail 800
Restaurant 1,300
Pracess industry 800
Assembly Industry] 2,100

Advice Filing, Table 1, p. AC-3
3) Advice Filing Estimates:

Demand Savings:

Moasure Demand Savings = kW Title 20 - kW High Efficiency Unit, according to Advice Filing, p. AC-15

kW = (12,000 Btuh/ton) x (1kW/1,000Watt) x (tons/EER Btuh/Watt) according to Advice Fiting, p. AC-15

Coincident Demand Savings = Measure Demand Savings x 0.75 COF

Demand Savings

Program Tons Title 20 Title 20 High Efficiency | High Efficiency |Demand SavingtDemand SavingdCainc kW Saving
EER kW EER kW kW kWiton-EER kWiton-EER

Evap. Cooled SPA! 80 9.6 100.000 105 91.429 8.571 0.119
80 9.6 100.000 11.5 83.478 16,522 0.109

Average 0.114 0.085
Air-Cooted RCU 30 9.9 36.364 10.2 35.284 1.070 0.118
L I 60 l 9.9 | 72727 [ 10.5 68.571 4.156 0.115

Average 0.117 0.088
Evap-Coolad Rcul 80 [ 12.9 I 74.419 13.5 79111 3.307 0.069
120 12.9 111.628 I 14 102.857 8.771 0.066

Average 0.068 0.051

Advica Filing p. AC-15-22
Values may vary slightly due to rounding.

Energy Savings:
Annual Energy Savings = Measure Demand Savings x EFLCH
Coincldent Energy Savings
Evap Cooled SPAAir-Cooled RCFvapleed RCU
Market Segment |Hours/Year | Annual Energy |Annual Energy| Annual Energy
Savings Savings Savings
kWh/ton-EER | kWhfton-EER | kWhiton-EER
Schools K-12 500 57 59 34
Hotel/Molel 700 80 82 47
Grocery 600 68 70 41
College 1,200 137 141 81
Warehouse 300 34 35 20
Office 1,000 114 17 68
Hospitals 1,900 216 223 129
Other 1,200 137 141 81
Retail 800 91 94 54
Restaurant 1,300 148 152 88
Process Industry 800 91 94 54
Assembly Industry] 2,100 239 246 142
Advice Filing p. AC-15-22
Values may vary slightly due to rounding.
4) Evaluation Estimates:
Demand Savings:
Misc. HVAC AF
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RE Misc.xis

EER 13 nat linear.
For this reason, calculating an impact using the unit kWion-EER is only valid for a very small range of EER values.
Demand estimates are developed at a per unit basis.

Demand Savings = (Capacity, Btuh) x (1/EERUitle20 - 1/EERretrofit) x (1kwW/1,000 Watts)
Coincident Demand Savings = Demand Savings x CDF
CDF = varies by climate zone and business type

Energy Savings:
Use EFLH's and CDF's developed for the CAC measures for each climate zone.

Energy Savings = Demand Savings x EFLH (climate zone specific)

No efficiency vatue recorded in the MDSS for the single participant in the RCU Evap-cooled measure.
Using the baseline efficiencies and the kW and kWh impacts, the retrofit efficlency was determined through back-calculations.
Back-calculated Efficiency:
3.723 kW = 0.068 kWiton- EER x 36.5 tons x (EER - 12.9 EER) x 0.75 COF
EER = [3.723 kW/(0.068 kWrton- EER x 36.5 tons x 0.75 CDF)] + 12.9
= 149
= 14.9 EER according to kW impacts

3.416.4 kWh = 34 kWhiton- EER x 36.5 tons x (EER - 12.9 EER)
EER = 1565
= 15.65 EER according to kWh impacts

Average EER = 1528

Misc. HVAC AF Page 2
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Attachment 3-1
Commercial HVAC Ex Ante Gross Energy Impacts

By Business Type and Technology Group

E - <4 T o g g
- R O I - A I -
[} — =7} ) ] 3 = < < = g )
g = | 2| 2| E|2] 5| 2 |E| & e | g
Program and Technology Group 5 g S 5] 3 ke I £ 3 g S b= Total
Retrofit |Central A/C 76,569 24,061 49,140 21,438 - 34,8241 49,937 1,017 - 16,785 55,929 6,746 336,445
Express |Adjustable Speed Drives 180,753 - - - - - - - - 75.314 | 52,720 - 308,787
Package Terminal A/C 2,337 - 603 - 8,405 - 28,967 - - - - 40,312
Set-Back Thermostat 57,312 16,375 - 85,969 - 12,281 - - - 12,281 49,125 4,094 237,437
Reflective Window Film 110,771 - 3,342 - - 2,252 73,298 - 14,640 | 13,140 3,071 - 220,514
Water Chillers - - - - - - - - - - 22,804 - 22,804
Other HVAC Technologies - - - - 40,255 - - - - - - - 40,255
Retrofit Express Program Total 427,743 40,436 52,482 108,010 | 40,255 | 57,763 { 123,235 | 29,983 | 14,640 117,520 | 183,649 | 10,840|| 1,206,555
REO Adjustable Speed Drives 372,699 - - - - - - - - - - - 372,699
Water Chillers 49,918 - 385,018 | 159,529 - - - - - - 210,879 - 805,343
Cooling Towers - - 168,591 80,527 - - 105,219 - - - 71,925 - 426,262
High Efficiency Gas Boilers - - - - - - - - - - - - 0
Retrofit Efficiency Options Program Total 422,617 0 553,609 | 240,056 0 0 105,219 0 0 0 282,803 0 1,604,304
APO Water Chillers 2,678,480 - - - - - 1,730,494 - - 1,529,26212,976,298 - 8,914,534
Customized EMS 559,083 - 376,640 - - - 355,177 - - 1,283,884 - - 2,574,785
Customized Controls 512,804 - - - - - 118,305 - - - - - 631,109
Convert To VAV 530,960 | 33,789 - - - - . - - - - . 564,749
Other Customized Equip 1,377,912 - 1,443,435 - - - - 1,025,634 - - - - 3,846,982
Other HVAC Technologies 230,772 - - - - - - - - - 1,098,003 - 1,328,775
Advanced Performance Options Program Total || 5,890,012 | 33,789 [1,820,075 0 0 0 2,203,976]1,025,634 0 2,813,14614,074,301 0 17,860,934
Total 6,740,372 | 74,225 [2,426,166]| 348,066 | 40,255 | 57,763 }2,432,430}1,055,617} 14,640 |2,930,666}4,540,753) 10,840 20,671,794




By Business Type and Technology Group

Attachment 3-2
Commercial HVAC Ex Ante Net Energy Impacts

2 — g %
5 = 5 z 2 3 g
3 ~ > g v s 3 = “
@ = ¥ o ] 2 £ = < I3 E .
£ = 2 2 ] = T @ L ] 3 g
Program and Technology Group ol 2 S S 3 2 £ £ 2 g S s Total
Retrofit Central A/C 58,947 18,524 37,831 16,504 26,810 38,444 783 - 12,922 43,057 5,193 259,015
Express Adjustable Speed Drives 139,154 - - - - - - - 57,981 40,587 - 237,722
Package Terminal A/C 1,799 - 464 - 6,471 22,300 - - - 31,035
Set-Back Thermostat 44,123 12,606 - 66,184 - 9,455 - - - 9,455 37,819 3,152 182,793
Reflective Window Film 85,278 - 2,573 - - 1,734 56,429 11,270 10,116 2,364 - 169,765
Water Chillers - - - - - - - - - - 17,556 - 17,556
Other HVAC Technologies - - - - 30,991 - - - - - - - 30,991
fit Express Program Total 329,302 31,130 40,404 83,152 30,991 44,470 94,874 23,083 11,270 90,474 141,384 8,345 928,877
REO Adjustable Speed Drives 279,473 - - B B - - - - - - - 279,473
Water Chillers 37,431 288,711 119,625 - - - - - 158,130 - 603,897
Cooling Towers - - 126,420 60,384 - 78,900 - - - 53,934 - 319,638
High Efficiency Gas Boilers - - - - - - - - - - - - 0
Retrofit Efficiency Options Program Total 316,905 0 415,131 180,009 0 0 78,900 0 0 0 212,064 0 1,203,008
APO Water Chillers 2,008,492 - - - 1,297,633 - 1,146,737]2,231,815 6,684,676
Customized EMS 419,236 - 282,428 - - - 266,334 - - 962,737 - - 1,930,735
Customized Controls 384,533 - - - - - 88,712 - - - - - 473,245
Convert To VAV 398,147 25,337 - - - - - . . - - - 423,485
Other Customized Equip 1,033,245 - 1,082,378 - - - - 769,085 - - - - 2,884,708
Other HVAC Technologies 173,048 - - - - - - - - - 823,352 - 996,399
Advanced Performance Options Program Total 4,416,700 25,337 1,364,807 0 0 0 1,652,679 | 769,085 0 2,109,473]3,055,166 0 13,393,247
Total 5,062,906 | 56,467 | 1,820,341 | 263,161 30,991 44,470 | 1,826,453 | 792,167 | 11,270 ]2,199,947|3,408,613 8,345 15,525,132




Attachment 3-3
Commercial HVAC Unadjusted Engineering Energy Impacts
By Business Type and Technology Group

E - <4 K3 w § 4]
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Program and Technology Group S Z 3 g 5 L £ £ = 9 S s Total
Retrofit Central A/C 69,294 11,668 6,813 6.614 - 27,626 29,911 1,615 - 15,074 40,645 6.540 215,802
Express Adjustable Speed Drives 333,685 - - - - - - - 155,283 | 135,583 - 624,550
Package Temminal A/C 2,402 - - 748 - 6,987 - 24,554 - - - - 34,691
Set-Back Thermostat 27,335 14,168 - 44,196 - 5,788 - - - 6,782 35,342 5,466 139,076
Reflective Window Film 114,319 - 3,449 - - 2,324 75,646 - 15,109 13,561 3,169 - 227,577
Water Chillers - - - - - - - - - - 22,804 - 22,804
Other HVAC Technologies - - - - 41,496 - - - - - - - 41,496
Retrofit Express Program Total 547,035 25,836 10,263 51,558 41,496 42,726 105,557 26,169 15,109 190,699 | 237,544 12,006 1,305,997
REO Adjustable Speed Drives 266,434 - - - - - - - - - - - 266,434
Water Chillers 59,870 - 81,659 117,548 - - - - - - 79,928 - 339,005
Cooling Towers - - 36,861 24,091 - - 105,219 - - - 13,974 - 180,145
High Efficiency Gas Boilers - - - - - - - - - - - - 0
Retrofit Efficiency Options Program Total 326,305 4] 118,520 141,639 0 /] 105,219 0 0 0 93,901 ] 785,585
APO Water Chillers 1,494,373 - - - - - 620,280 - - 1,529,262] 2,976,298 - 6,620,213
Customized EMS 76,911 - 376,640 - - - - - - 1,283,884 - - 1,737,435
Customized Controls 789,661 - - - - - 109,803 - - - - - 899,464
Convert To VAV 530,960 35,742 - - - - - - - - - - 566,702
Other Customized Equip 1,377,912 - 1,451,248 - - - - 1,076,035 - - - - 3,905,195
Other HVAC Technologies 305,851 - - - - - - - - - 1,098,003 - 1,403,855
Advanced Performance Options Program Total 4,575,669 35,742 1,827,888 0 0 0 730,083 | 1,076,035 0 2,813,14614,074,301 0 15,132,865
Total 5,449,009 61,578 1,956,671 | 193,198 41,496 42,726 940,859 | 1,102,204 | 15,109 [3,003,845]4,405,746} 12,006 17,224,446




By Business Type and Technology Group

Attachment 3-4
Commercial HYAC Gross Energy Impact SAE Coefficients

?: - 4 ] v g g
I I O I T R R

g = & 3 g 3 £ 5 S 5 £ g

= = = 1<} - ] = ~ e 13 a

|Program and Technalogy Group ot -z S 5 5 & £ £ 3 K S b
Retrofit Central A/C 1.15 1.15 1.15 1.15 1.15 115 1.15 1.15 1.15 1.15 1.15 1.15
Express Adjustable Speed Drives 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15
Package Terminal A/C 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15
Set-Back Thermostat 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15
Reflective Window Film 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.i5
Water Chillers 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
OlherHVACTechnoIogLies 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15

Retrofit Express Program Total b L ] e | L. ] L] RN
REQ Adjustable Speed Drives 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15
Water Chillers 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Cooling Towers 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
High Efficiency Gas Boilers 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Retrofit Efficiency Options Program Total R BN  EEEER | S| ERRPE | S | IRE o s
APO Water Chillers Q.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Customized EMS 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Customized Controls 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Convert To VAV 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Other Customized Equip 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Other HVAC Technologies 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Advanced Performance Options Program Total L i ] I | SR | AN | RS N | T
Total C - ] L ] R || B o). o B




Attachment 3-5
Commercial HYAC Ex Post Gross Energy Impacts
By Business Type and Technology Group
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Program and Technology Group S £ S i & & £ I = & S s Total
Retrofit [Central A/C 79,745 13,428 7,841 7,612 - 31,793 | 34,422 1,858 - 17,348 46,775 7,526 248,348
Express [Adjustable Speed Drives 384,010 - - - - - - - - 178,701 | 156,031 - 718,742
Package Terminal A/C 2,765 - - 861 - 8,040 - 28,257 - - - - 39,923
Set-Back Thermostat 31,457 16,304 - 50,861 - 6,661 - - - 7,804 40,673 6,290 160,051
Reflective Window Film 131,560 - 3,969 - - 2,675 87,054 - 17,387 | 15,606 3,647 - 261,899
Water Chillers - - - - - - - - - - 17,278 - 17,278
Other HVAC Technologies - - - - 47,754 - - - - - - - 47,754
Retrofit Express Program Total 629,536 29,732 11,810 59,334 | 47,754 | 49,170 } 121,477 30,115 | 17,387 | 219,459 | 264,404 | 13,817 1,493,995
REO Adjustable Speed Drives 306,617 - - - - - - - - - - - 306,617
Water Chillers 45,363 - 61,872 89,065 - - - - - - 60,560 - 256,860
Cooling Towers - - 27,929 18,254 - - 79,723 - - - 10,588 - 136,494
High Efficiency Gas Boilers - - - - - - - - - - - - 0
Retrofit Efficiency Options Program Total 351,980 0 89,801 107,318 0 0 79,723 0 0 0 71,148 0 699,971
APO Water Chillers 1,132,270 - - - - - 469,979 - - 1,158,705/ 2,255,108 - 5,016,062
Customized EMS 58,275 - 285,376 - - - - - - 972,785 - - 1,316,436
Customized Controls 598,318 - - - - - 83,196 - - - - - 681,514
Convert To VAV 402,303 27,081 - - - - - - - - - - 429,384
Other Customized Equip 1,044,029 - 1,099,595 - - - - 815,300 - - - - 2,958,924
Other HVAC Technologies 231,740 - - . - - - - - - 831,945 - 1,063,685
Advanced Performance Options Program Total || 3,466,934 | 27,081 {1,384,971 0 0 0 553,175 | 815,300 0 2,131,4904 3,087,053 0 11,466,005
Total 4,448,450 { 56,814 [1,486,582f 166,653 | 47,754 | 49,170 | 754,376 | 845,415 | 17,387 | 2,350,949]3,422,605| 13,817 }| 13,659,972




Attachment 3-6
Commercial HVAC Gross Energy Impact Realization Rates
By Business Type and Technology Group

| :E, = 5 E g g g
=} > —_ N
‘ n) — ED IS) g g -.':Lj g 2 g £
w g | sl 2] &8 &35 | & & 2 | £ | ¢
| Program and Technology Group S 1 & | S 92 G |1 & r | T 2 L S s Total
‘ Retrofit Central A/C 1.04 0.56 0.16 0.36 - 0.91 0.69 1.83 - 1.03 0.84 1.12 0.74
‘ Express  |Adjustable Speed Drives 2.12 - - - - - - - - 237 | 296 - 2.33
| Package Terminal A/C 1.18 - - 1.43 - 0.96 - 0.98 - - - - 0.99
Set-Back Thermostat 0.55 | 1.00 - 0.59 - 0.54 - - - 0.64 | 0.83 { 1.54 0.67
Reflective Window Film 1.19 - 1.19 - - 1.19 1.19 - 1.19 1.19 1.19 - 1.19
Water Chillers - - - - - - - - - - 0.76 - 0.76
Other HVAC Technologies - - - - 1.19 - - - - - - - 1.19
Retrofit Express Program Total 1.47 0.74 0.23 0.55 1.19 0.85 0.99 1.00 1.19 1.87 1.44 1.27 1.24
REO Adjustable Speed Drives 0.82 - - - - - - - - - - - 0.82
Water Chillers 0.91 - 0.16 | 0.56 - - - - - - 0.29 - 0.32
Cooling Towers - - 0.17 | 0.23 - - 0.76 - - - 0.15 - 0.32
High Efficiency Gas Boilers - - - - - - - - - - - - -
Retrofit Efficiency Options Program Total 0.83 - 0.16 | 0.45 - - 0.76 - - - 0.25 - 0.44
APO Water Chillers 0.42 - - - - - 0.27 - - 0.76 | 0.76 - 0.56
Customized EMS 0.10 - 0.76 - - - - - - 0.76 - - 0.51
Customized Controls 1.17 - - - - - 0.70 - - - - - 1.08
Convert To VAV 0.76 | 0.80 - - - - - - - - - - 0.76
Other Customized Equip 0.76 - 0.76 - - - - 0.79 - - - - 0.77
Other HVAC Technologies 1.00 - - - - - - - - - 0.76 - 0.80
Advanced Performance Options Program Total 0.59 | 0.80 | 0.76 - - - 0.25 | 0.79 - 0.76 | 0.76 - 0.64
Total 0.66 | 0.77 | 0.61 048 | 1.19 | 085 | 031 | 0.80 | 1.19 | 0.80 | 0.75 | 1.27 0.66
|
|
|
|




Attachment 3-7
Commercial HVYAC Net-to-Gross Adjustments

By Business Type and Technology Group

2 z s T g H ¢
s _ > g S 3 3 = <
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Program and Technology Group el 2 3 2 G £ I £ 2 S S s Total
Retrofit Central A/C 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59
Express Adjustable Speed Drives 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 073
Package Terminal A/C 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 J
Set-Back Themostat 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¥.0
Reflective Window Film 0.36 0.36 0.36 0.36 . 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 Ji3t
Water Chillers 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0!
Other HVAC Technologies Q.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14
fit Express Program Total [ - @& 076 SINER | IO} SR | I O6 0N | S O 172 I | RO6: 0% G 0N YK | B OT O NS RN 07 Bl I 076 48R IGINERR
REO Adjustable Speed Drives 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 7SR
Water Chillers 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 A
Cooling Towers 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0190
High Efficiency Gas Boilers 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Retrofit Efficiency Options Program Total A0S | MR | S5 0 S0 | M 0\ S0 I N0 o, gloie . L _0EY ] 163NN
APC Water Chillers 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 -
Customized EMS 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 ]
Customized Controls 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Convert To VAV 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 K
Other Customized Equip 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 %90
Other HVAC Technologies 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 o
Advanced Performance Options Program Total [ OEy ] 68 019t < © CI90 NN E O /S0 RO K090 0190
Total COEE 0 g7 1 WEw [ GfE - ] 43N 06 oY | IRRROT6 S BRI G 0o I | MF 015 G I 0TS s I | IO SO MR | 06 1 Bl 018740




Attachment 3-8
Commercial HVAC Ex Post Net Energy Impacts
By Business Type and Technology Group
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iProgram and Technology Group o) & S 2 O & f £ = g S b Total
Retrofit |Central A/C 46,939 7,904 4,615 4,480 - 18,714 | 20,262 1,094 - 10,211 27,533 | 4,430 146,182
Express |Adjustable Speed Drives 281,563 - - - - - - - 131,027 | 114,404 - 526,994
Package Terminal A/C 2,864 - - 892 - 8,328 - 29,270 - - - - 41,353
Set-Back Thermostat 22,024 11,415 - 35,609 - 4,664 - - - 5,464 28,476 4,404 112,055
Reflective Window Film 47,423 - 1,431 - - 964 31,380 - 6,267 5,625 1,315 - 94,406
Water Chillers - - - - - - - - - - 15,585 - 15,585
Other HVAC Technologies - - - - 6,691 - - - - - - - 6,691
Retrofit Express Program Total 400,812 19,319 6,046 40,981 6,691 | 32,670 | 51,642 30,363 6,267 | 152,328 | 187,313 | 8,834 943,267
REO Adjustable Speed Drives 224,817 - - - - - - - - - - - 224,817
Water Chillers 40,918 - 55,810 | 80,338 - - - - - 54,626 - 231,692
Cooling Towers - - 25,193 16,465 - - 71,912 - - 9,550 - 123,120
High Efficiency Gas Boilers - - - - - - - - - - - - 0
Retrofit Efficiency Options Program Total 265,735 0 81,002 | 96,803 0 0 71,912 0 0 0 64,177 0 579,629
APO Water Chillers 1,021,327 - - - - - 423,929 - - 1,045,173]2,034,148 4,524,577
Customized EMS 52,565 - 257,414 - - - - - - 877,469 - - 1,187,448
Customized Controls 539,693 - - - - - 75,045 - - - - - 614,738
Convert To VAV 362,884 24,428 - - - - - - - - 387,312
Other Customized Equip 941,733 - 991,854 - - - - 735,415 - - - - 2,669,002
Other HVAC Technologies 209,034 - - - - - - - - - 750,429 - 959,463
Advanced Performance Options Program Total || 3,127,236 | 24,428 |1,249,268 0 0 0 498,974 | 735,415 0 1,922,642)2,784,577 0 10,342,540
Total 3,793,784 | 43,747 1,336,317} 137,784 | 6,691 | 32,670 | 622,528 | 765,778 | 6,267 |2,074,969[3,036,066] 8,834 {| 11,865,436




Attachment 3-9
Commercial HVAC Net Energy Impact Realization Rates
By Business Type and Technology Group

2 @ T v g g
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g e = 2 8 3 3 g 5 2 £ 3
Program and Technology Group ol o S 9 3 & < £ 2 o S s Total
Retrofit [Central A/C 0.80 0.43 0.12 0.27 - 0.70 0.53 1.40 - 079 0.64 0.85 0.56
Express |Adjustable Speed Drives 2.02 - - - - - - - - 2.26 2.82 - 2.22
Package Terminal A/C 1.59 - - 1.92 - 1.29 1.31 - - - - 1.33
Set-Back Thermostat 0.50 0.91 - 0.54 - 0.49 - - - 0.58 0.75 1.40 0.61
Reflective Window Film 0.56 - 0.56 - - 0.56 0.56 - 0.56 0.56 0.56 - 0.56
Water Chillers - - - - - - - - - - 0.89 - 0.89
Other HVAC Technologies - - - - 0.22 - - - - - - - 0.22
Retrofit Express Program Total 1.22 0.62 0.15 0.49 0.22 0.73 0.54 1.32 0.56 1.68 1.32 1.06 1.02
REO Adjustable Speed Drives 0.80 - - - - - - - - - - - 0.80
Water Chillers 1.09 - 0.19 0.67 - - - - - - 0.35 - 0.38
Cooling Towers - - 0.20 0.27 - - 0.91 - - - 0.18 - 0.39.
High Efficiency Gas Boilers - - - - - - - - - - - - -

Retrofit Efficiency Options Program Total 0.84 - 0.20 0.54 - - 0.91 - - - 0.30 - 0.48
APO Water Chillers 0.51 - - - - - 0.33 - - 0.91 0.91 - 0.68
Customized EMS 0.13 - 0.91 - - - - - - 091 - - 0.62
Customized Controls 1.40 - - - - - 0.85 - - - - - 1.30
Convert To VAV 0.91 0.96 - - - - - - - - - - 0.9
Other Customized Equip 0.91 - 0.92 - - - - 0.96 - - - - 0.93
Other HVAC Technologies 1.21 - - - - - - - - - 0.91 - 0.96
Advanced Performance Options Program Total 0.71 0.96 0.92 - - - 0.30 0.96 - 0.91 0.91 - 0.77
Total 0.75 0.77 0.73 0.52 0.22 0.73 0.34 0.97 0.56 0.94 0.89 1.06 0.76




Attachment 2-10

Commercial HVAC Ex Ante Gross Demand Impacts

By Business Type and Technology Group

E — 4 = v g g
3 - > g S g 3 5 v
Program and Technology Group 3 K & = 3 R T £ 3 K S = Total
Retrofit Central A/C 67 26 30 10 23 23 1 - 11 36 3 230
Express Adjustable Speed Drives - - - - - - - - - 0
Package Terminal A/C 2 - - 03 - 6 32 - - - - 40
Set-Back Thermostat - - - - - - - - - - - 0
Reflective Window Film 18 - 1 - - 0.4 12 - 2 2 0.5 - 36
Water Chillers - - - - - - 14 - 14
Other HVAC Technologies - - - - 17 - - - - - - - 17
Retrofit Express Program Total 86 26 30 11 17 29 35 33 2 13 51 3 337
REQ Adjustable Speed Drives 5 - - - - - - - - - - 3
Water Chillers 27 - 102 66 - - - - 68 - 263
Cooling Towers - - 31 17 - 32 - - - 10 89
High Efficiency Gas Boilers - - - - - - - - - - - - 0
Retrofit Efficiency Options Program Total 32 0 133 83 0 0 32 0 0 0 78 0 357
APO Water Chillers 705 - - - 192 - - 99 342 1,538
Customized EMS 62 - - - - 66 - - - 128
Customized Controls 3 - - - - - - - - 3
Conver To VAV 65 22 - - - - - - - - . . 87
Other Custornized Equip 117 - 300 - - - - 75 - - 492
Other HVAC Technologies - - - - - - - - - - 216 - 216
Advanced Performance Oplions Program Total 952 22 300 0 0 0 258 75 0 99 758 Q 2,464
Total 1,071 48 463 94 17 29 325 108 2 112 887 3 3,159




Attachment 3-11

Commercial HVAC Ex Ante Net Demand Impacts

By Business Type and Technology Group

z - g “
S z 2 2 g 3 s
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Lg £ 5 2 2 g 2 E L -8 2 £ g
Program and Technology Group o) 2 S 9 5 & £ 2 = g S b Total
Retrofit Central A/C . 51 20 23 8 18 18 1 - 8 28 2 177
Express Adjustable Speed Drives - - - - - - - - - - 0
Package Terminal A/C 2 - - 0.2 - 4 25 - - - 31
Set-Back Thermostat - - - - - - - - - - 0
Reflective Window Film 14 0.4 - - 0.3 9 - 2 2 0.4 - 27
Water Chitlers - - - - - - 1 - 1
Other HVAC Technologies - - - - 13 - - - - - - - 13
Retrofit Express Program Tolal 67 20 23 8 13 22 27 25 2 10 39 2 260
REC Adjustable Speed Drives 4 - - - - - - - - - - 4
Water Chillers 20 - 76 50 - - - - - - 51 - 197
Cooling Towers - - 23 13 - - 24 - - - 7 - 67
High Efficiency Gas Boilers - - - - - - - - - - - - 0
Retrofit Efficiency Options Program Total 24 0 100 62 0 0 24 0 0 0 58 0 268
APQ Water Chillers 529 - - - - - 144 - 74 407 1,154
Customized EMS 47 - - - - - 50 - - - - - 96
Customized Controls 2 - - - - - - - - - - 2
Convert To VAV 49 17 - - - - - - - - 65
Other Customized Equip 88 - 225 - 56 - - - - 369
Other HVAC Technologies - - - - - - - - - - 162 - 162
Advanced Performance Options Program Total 714 17 225 0 0 0 194 56 0 74 569 0 1,848
Total 805 36 348 70 13 22 244 82 2 84 666 2 2,376




Attachment 3-12
Commercial HVAC Unadjusted Engineering Demand Impacts
By Business Type and Technology Group

> 6 e
s z 5 2 2 3 g
3 _ > S ) 2 3 = <2
@ —_ &0 =} b =1 = = = c £ .
£ = 3 2 g z 3 S v 3 £ 9
IProgram and Technology Group Fel g S 9 5 2 £ 2 =z g S b Total
Retrofit Central A/C 57.9 16 9 11 - 18 20 1 - 11 27 3 174
Express Adjustable Speed Drives 69 - - - - - 36 15 - 119
Package Terminal A/C 2 - - 1 3 29 - - - 34
Set-Back Themostat - - - - - - - - - - - 0
Reflective Window Film 23 - 0.3 - .- 0.3 16 - 2 1 1 - 44
Water Chillers - - - - - - - - - R 14 - 14
Other HVAC Technologies - - - - 18 - - - - - - - 18
Retrofit Express Program Total 151 16 9 12 18 21 36 30 2 48 56 3 403
REO Adjustable Speed Drives 76 - - - - - - - - - - - 76
Water Chillers 36 - 80 96 - - - - - - 48 - 260
Cooling Towers - - 43 - 22 - - 32 - - - 11 - 106
High Efficiency Gas Boilers - - - - - - - - - - - - 0
Retrofit Efficiency Options Program Total 112 0 123 117 0 0 32 0 0 0 59 0 442
APO Water Chillers 864 - - - - - 200 - - 99 542 - 1,705
Customized EMS 99 - - - - - - - - - - - 99
Customized Controls 73 - - - - - - - - - - - 73
Convert To VAV 65 35 - - - - - - - - - - 100
Other Customized Equip 117 - 300 - - - - 83 - - - - 500
Other HVAC Technologies - - - - - - - - - - 216 - 216
Advanced Performance Options Program Total 1,217 35 300 0 0 0 200 83 0 99 758 0 2,692
Total 1,481 51 431 129 18 21 268 113 2 147 873 3 3,538




Attachment 3-13
Commercial HVAC Ex Post Gross Demand Impacts
By Business Type and Technology Group

:2: - = T w § 4
.| =18 S| S| 3]|31!°2
3] — o0 I} 5] > £ = £ c &€ .
. & = = 2 g v 3 2 § 2 £ g

Program and Technology Group 6 & S S 3 < 'f £ 2 e S = Total
Retrofit [Central A/C 58 16 9 1 - 18 20 1 - it 27 3 174
Express [Adjustable Speed Drives 69 - - - - - - - 36 15 - 119

Package Terminal A/C 2 - - - 3 29 - - - - 34

Set-Back Thermostat - - - - - - - - - - - - 0

Reflective Window Film 23 - 0.3 - - 0.3 16 - 2 1 1 - 44

Water Chillers - - - - - - - - - - 14 - 14

Other HVAC Technologies - - - - 18 - - - - - - - 18

Retrofit Express Program Total 151 16 9 12 18 21 36 30 2 48 56 3 403

REO Adjustable Speed Drives 76 - - - - - - - - - - - 76
Water Chillers 36 - 80 96 - - - - - - 48 - 260

Cooling Towers - - - 43 22 - - 32 - - - 1A - 106

High Efficiency Gas Boilers - - - - - - - - - - - - 0

Retrofit Efficiency Options Program Total 112 0 123 117 0 0 32 0 0 0 59 0 442
APO Water Chillers 864 - - - - - 200 - - 99 542 - 1,705

Customized EMS 99 - - - - - - - - - - - 99

Customized Controls 73 - - - - - - - - - - - 73

Convert To VAV 65 35 - - - - - - - - - - 100

Other Customized Equip 117 - 300 - - - - 83 - - - - 500

Other HVAC Technologies - - - - - - - - - - 216 - 216
Advanced Performance Options Program Total |f 1,217 35 300 0 0 0 200 83 0 99 758 0 2,692
Total 1,481 51 431 129 18 21 268 113 2 147 873 3 3,538




Attachment 3-14

Commercial HVAC Gross Demand Impact Realization Rates
By Business Type and Technology Group

E g ) o § 4
2 € S <} -3 2 &
w = 80 © E'T g = § 2 g g ]
g | | £ | £ g | 2| 3 g 2 2 E | 4

Program and Technology Group (e} & S A S & T T 2 & S 2 Total
Retrofit [Central A/C 0.87 0.64 0.29 1.1 - 0.77 0.86 0.87 - 0.98 0.74 1.01 0.76

Express |Adjustable Speed Drives - - - - - - - - - - - -
Package Terminal A/C 1.03 1.81 - 0.50 - 0.90 - - - - 0.86

Set-Back Thermostat - - - - - - - - - - - - -
Reflective Window Film 1.27 - 0.58 - - 0.72 1.37 - 1.01 0.71 1.13 - 1.23
Water Chillers - - - - - - - - - - 1.00 - 1.00
Other HVAC Technologies - - - - 1.03 - - - - - - - 1.03
Retrofit Express Program Total 1.75 0.64 0.30 1.13 1.03 0.71 1.03 0.90 1.01 3.69 1.10 1.01 1.20
REO Adjustable Speed Drives 14.38 - - - - - - - - - - - 14.38
Water Chillers 1.33 - 0.78 1.45 - - - - - - 0.71 - 0.99
Cooling Towers - - 1.39 1.27 - - 1.00 - - - 1.08 - 1.19

High Efficiency Gas Boilers - - - - - - - - - - - - -
Retrofit Efficiency Options Program Total 3.46 - 0.92 1.41 - - 1.00 - - - 0.76 - 1.24
APO Water Chiliers 1.23 - - - - - 1.04 - - 1.00 1.00 - 1.11
Customized EMS 1.59 - - - - - - - - - - - 0.77
Customized Controls 24.40 - - - - - - - - - - - 24.40
Convert To VAV 1.00 1.58 - - - - - - - - - - 1.15
Other Customized Equip 1.00 - 1.00 - - - - 1.10 - - - - 1.02
Other HVAC Technologies - - - - - - - - - - 1.00 - 1.00
Advanced Performance Options Program Total 1.28 1.58 1.00 - - - 0.78 1.10 - 1.00 1.00 - 1.09
Total 1.38 1.08 0.93 1.38 1.03 0.71 0.83 1.04 1.01 1.31 0.98 1.01 1.12




Attachment 3-15
Commercial HVYAC Net-to-Gross Adjustments for Demand Impacts
By Business Type and Technology Group

£ = |5 e g E g
3 - > g v 3 3 = <
@ = e [=} ) 2 £ = = < €
£ = 2 g g = 5 2 e 2 £ g
Program and Technology Group o) ] S 2 3 g £ £ z 5 S s Total
Retrofit Central A/C 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 [NRE0SoIAR
Express Adjustable Speed Drives 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 N7
Package Terminal A/C 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 104
Set-Back Thermostat 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 Oy ODERE
Reflective Window Film 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 53
Water Chillers 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 K
Other HVAC Technologies 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 A,
Retrofit Express Program Total G763 | 0159 7 | I 0.3 R | A 06 NN | B 0% I | 06 07500 N1 70 2SS O3 638 Y 06 9 N | SR 072 O BRY K0T S 3 [
REC Adjustable Speed Drives 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73
Water Chillers 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Cooling Towers 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0]
High Efficiency Gas Boilers 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 ()
Retrofit Efficiency Options Program Total LGB I = " By [ @0 [ = ] [ OE L= ] ey e[, GEY ]
APO Water Chillers 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0190)
Customized EMS 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0'90]
Customized Controls 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 19t
Convent To VAV 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0730]
Other Customized Equip 0.90 0.90 0.90 0.930 0.950 0.90 0.90 0.90 0.90 0.90 0.90 0.90 90
Other HVAC Technologies 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 a0
Advanced Performance Options Program Total 0150 I IO TS0 NI | BRI 05 O | U 0ONIR{ 090 [ EE - 0ED ] (&g ]
Total RREC'C 720 | O sO N | 0130 0187 OSTANNE | D650 18 079 31508 | IO 6 T | B 0763 It | ¢80 Ta o I | ML C75 9N 087




Attachment 3-16
Commercial HVAC Ex Post Net Demand Impacts
By Business Type and Technology Group

2 - 4 “
S = 5 g 3 & S
% _ > & v 2 3 = «n
w = 20 Q [ 3 £ = = < £
g = = 2 8 3 S 2 s 2 £ g
Program and Technology Group E & 3 g 3 & £ z 2 & S = Total
Retrofit [Central A/C 34 10 5 7 - 10 12 1 - 6 16 2 102
Express [Adjustable Speed Drives 50 - - - - - - - 26 11 - 87
Package Terminal A/C 2 - - 1 - 3 - 30 - - - 35
Set-Back Thermostat - - - - - - - - - - - 0
Reflective Window Film 8 - 0 - - 0 6 - 1 1 0 - 16
Water Chillers - - - - - - - - 13 - 13
Other HVAC Technologies - - 3 - - - - - - - 3
Retrofit Express Program Total 95 10 5 7 3 13 18 30 1 33 40 2 256
REO Adjustable Speed Drives 56 - - - - - - - - - - 56
Water Chillers 33 - 72 86 - - - - - - 43 - 234
Cooling Towers - - 38 19 - - 28 - - - 10 - 96
High Efficiency Gas Boilers - - - - - - - - - - - - 0
Retrofit Efficiency Options Program Total 88 0 110 106 0 0 28 0 0 0 53 0 386
APO Water Chillers 779 - - - - - 180 - - 89 489 - 1,538
Customized EMS 89 - - - - - - - - - - - 89
Customized Controls 66 - - - - - - - - - - - 66
Convert To VAV 59 31 - - .- - - - - - - - 920
Other Customized Equip 106 - 271 - - - - 75 - - - - 451
Other HVAC Technologies - - - - - - - - - - 195 - 195
Advanced Performance Options Program Total || 1,098 31 271 0 0 0 180 75 0 89 684 0 2,429
Total 1,281 41 386 113 3 13 227 105 1 122 776 2 3,071




Attachment 3-17
Commercial HVAC Net Demand Impact Realization Rates
By Business Type and Technology Group

2 3 A
< =gl 2 lg| 3| &
| - ~ | 8| 9|3 3 | = | 2
gl | 2| | 8|22z |=|¢8|E|y
Program and Technology Group 5 g S }C; S| 98; ;‘” __£ g E‘T’ S |1 5 Total
Retrofit |Central A/C 0.66 | 049 | 0.22 | 0.85 - 0.59 | 0.66 | 0.66 - 075 ] 0.57 | 0.77 || 0.58
Express {Adjustable Speed Drives - - - - - - - - - -
Package Terminal A/C 1.39 - 2.44 - 0.67 1.22 - - - 1.16
Set-Back Thermostat - - - - - - - - - - - - -
Reflective Window Film 0.59 - 0.27 - - 0.34 | 0.64 - 0.47 | 033 | 0.53 - 0.58
Water Chillers - - - - - - - - - - 1.17 - 1.17
Other HVAC Technologies - - - - 0.19 - - - - - - - 0.19
Retrofit Express Program Total 142 1 049 | 0.22 | 0.89 | 0.19 | 0.60 | 0.65 | 1.20 | 0.47 | 3.31 1.01 | 0.77 0.99
REO Adjustable Speed Drives 14.05 - - - - - - - - - - - 14.05
Water Chillers 1.60 - 094 | 1.74 - - - - - - 0.86 - 1.19
Cooling Towers - - 1.67 | 1.53 - - 1.20 - - - 1.30 - 1.43
High Efficiency Gas Boilers - - - - - - - - - - - - -
Retrofit Efficiency Options Program Total 3.63 - 1.11 | 1.70 - - 1.20 - - - 0.91 - 1.44
APO Water Chillers 1.47 - - - - - 1.25 - - 1.20 { 1.20 - 1.33
Customized EMS 1.91 - - - - - - - - - - - 0.93
Customized Controls 29.35 - - - - - - - - - - - 29.35
Convert To VAV 1.20 | 1.90 - - - - - - - - - - 1.38
Other Customized Equip 1.20 - 1.20 - - - - 1.33 - - - - -1.22
Other HVAC Technologies - - - - - - - - - - 1.20 - 1.20
Advanced Performance Options Program Total || 1.54 | 1.90 [ 1.20 - - - 0.93 | 1.33 - 1.20 | 1.20 - 1.31
Total 1.59 | 1.13 | 1.11 160 | 019 | 0060 | 093 | 129 | 047 | 145 | 1.17 | 0.77 1.29




Aftachment 3-18

Commercial HVAC Ex Ante Gross Therm Impacts

By Business Type and Technology Group

£ - 2 3 g | 3 ¢
3 _ > g v $ 3 = bt
u = g0 o < 2 £ = < g £ .
£ = 2 2 8 2 3 S g 5 £ g
Program and Technology Group fol & S 5 5 & 2 £ = K S s Total
Retrofit Central A/C - - - - R - - . 0
Express Adjustable Speed Drives - - - - - - - 0
Package Terminal A/C - - - - - - - - - 0
Set-Back Thermostat - - - - - - - - - - 0
Reflective Window Film - - - - - - - - - 0
Water Chillers - - - - - - - - - - - 0
Other HVAC Technologies - - - - - - - - - - - - 0
fit Express Program Total 0 0 0 0 0 0 0 0 0 g 0 0 0
REO Adjustable Speed Drives - - - - - - - 0
Water Chiliers - - - - - - - - - - 0
Cooling Towers - - - - - . - - - . 0
High Efficiency Gas Boilers - - - - - - - - - 2,507 - - 2,507
Retrofit Efficiency Options Program Total 0 0 0 0 0 0 0 0 0 2,507 0 0 2,507
APO Water Chillers - - - - - - - - 89,512 - 89,512
Customized EMS - - 26,768 - - - 79,821 - - - - - 106,589
Customized Controls 53,039 - - - - - 9,819 - - - - 62,858
Convert To VAV, - - - - - - - - - - B - 0
Other Customized Equip 77,029 - 183,758 - - - - - - - - - 260,787
Other HVAC Technologies - - - - - - - - - - 53,534 - 53,534
Advanced Performance Options Program Total 130,068 0 210,526 0 0 0 89,640 0 0 0 143,046 0 573,280
Total 130,068 0 210,526 0 0 0 89,640 0 0 2,507 143,046 0 575,787




Attachment 3-19
Commercial HVAC Ex Ante Net Therm Impacts
By Business Type and Technology Group

E - L o @ g 4]
3 - > S 2 g 5 2
1) —_ o0 ° o 2 = = = c € .
B s = 2 8 2 s 2 5 2 £ g
|Program and Technology Group o) o S 9 3 2 1 2 -3 g S s Total
Retrofit . |Central A/C - - - - - - . . . 0
Express Adjustable Speed Drives - - - - - - - - 0
Package Terminal A/C - - - . B - - R R 0
Set-Back Themmostat - - - - - - - B - B 0
Reflective Window Film - - - - - B - R R B B 0
Water Chillers - - - - R - R - R R . 0
Other HVAC Technologies - - - - - - - R - - 0
Retrofit Express Program Total 0 0 0 0 0 0 0 0 0 0 0 0 0
REO Adjustable Speed Drives - - - - - - . . - - - B 0
Water Chillers - - - - - - - - - - - . 0
Cooling Towers - - - - - - - . - R R - 0
High Efficiency Gas Boilers - - - - - - - - - 1,880 - - 1,880
Retrofit Efficiency Options Program Total 0 0 0 0 0 0 0 0 0 1,880 0 0 1,880
APO Water Chillers - - B - B . - . . R 67,134 . 67,134
Customized EMS - - 20,076 - - - 59,866 - - - - - 79,942
Customized Controls 39,779 - - - - - 7,364 - - - - - 47,144
Convert To VAV - - - - - - - . - B . R 0
Other Customized Equip 57,772 - 137,819 - - - - - - - - - 195,590
Other HYAC Technologies - - - . - . . - - . 40,151 . 40,151
Advanced Peformance Options Program Total 97,551 0 157,895 0 0 0 67,230 0 [¢] 0 107,285 0 429,960
Total 97,551 0 157,895 0 0 0 67,230 0 0 1,880 107,285 0 431,840




Attachment 3-20
Commercial HYAC Unadjusted Engineering Therm Impacts
By Business Type and Technology Group

2 - g v
5 = 2 z 3 a s
9 = z 2 < 3 3 = @
) — oo ° i) 3 £ = = < £ .
ke 3 2 2 S b s z - 2 E g
Program and Technology Group 8 2 S S 3 K £ £ s o S = Total
Retrofit Central A/C - R - . - . . R . . 0
Express Adjustable Speed Drives - - - - - - 0
Package Terminal A/C - - - - - - - 0
Set-Back Thermostat - - - - - - - - - - 0
Reflective Window Film - B B - - . . 0
Water Chillers - - - - - - - - - 0
Other HVAC Technologies - - - - - - - - . B . B )
Retrofit Express Program Total 0 0 0 0 0 0 0 0 0 0 0 0 0
REO Adjustable Speed Drives - - - - - - - 0
Water Chillers - - - - - - - R R . [)
Cooling Towers - - - - - - - . 0
High Efficiency Gas Boilers - - . . . . R B B 2,507 . B 2,507
Retrofit Efficiency Options Program Total 0 0 0 0 0 0 0 0 0 2,507 0 0 2,507
APO Water Chillers - - - - - - - 89,512 89,512
Customized EMS - - 26,768 - - - - - - - - - 26,768
Customized Controls 48,028 - - - - - 8,545 - - - - - 56,573
Convert To VAV - - - - - - - R - - - 0
Other Customized Equip 77,029 - 183,758 - - - - - - - - - 260,787
Other HVAC Technologies - - . - - - . - - - 53,534 - 53,534
Advanced Performance Options Program Total 125,057 0 210,526 0 0 0 8,545 0 0 0 143,046 0 487,174
Total 125,057 0 210,526 0 0 0 8,545 0 0 2,507 143,046 0 489,681




Attachment 3-21
Commercial HVAC Ex Post Gross Therm Impacts
By Business Type and Technology Group

E - g ° w g g
s |- | =] 8| S| 2| 2] = ]|¢°
-5 —_ [=Te) [=} Q =) .-E = £L c E .
g1z | &£ 2| 8| |52 || & | €|
Program and Technology Group 6 g S 2 6 & z £ 2 & S s Total
Retrofit  [Central A/C - - - - - - - - - - - - 0
Express  |Adjustable Speed Drives - - - - - - - - - - 0
Package Terminal A/C - - - - - - - - - - - - 0
Set-Back Thermostat - - - - - - - - - - - - 0
Reflective Window Film - - - - - - - - - - - - 0
Water Chillers - - - - - - - - - - - - 0
Other HVAC Technologies 0
Retrofit Express Program Total 0 Y 0 0 0 0 0 0 0 0 0 0 0
REO Adjustable Speed Drives - - - - - - - - - - - - 0
Water Chillers - - - - - - - - - - - - 0
Cooling Towers - - - - - - - - - - - - 0
High Efficiency Gas Boilers - - - - - - - - - 2,507 - - 2,507
Retrofit Efficiency Options Program Total 0 0 0 0 0 0 0 0 0 2,507 0 0 2,507
APO Water Chillers - - B - - - - - - - 89,512 - 89,512
Customized EMS - - 26,768 - - - - - - - - - 26,768
Customized Controls 48,028 - - - - - 8,545 - - - - - 56,573
Convert To VAV - - - - - - - - - - - - 0
Other Customized Equip 77,029 - 183,758 - - - - - - - - - 260,787
Other HVAC Technologies - - - - - - - - - - 53,534 - 53,534
Advanced Performance Options Program Total {125,057 0 210,526 0 0 0 8,545 0 0 0 143,046 0 487,174
Total 125,057 0 |210,526] O 0 0 8,545 0 0 2,507 |143,046f O 489,681




Attachment 3-22
Commercial HVYAC Gross Therm Impact Realization Rates
By Business Type and Technology Group

2 o — ¢ y
5 e | 5| 81823
3 _ > e v b 5] = X
g = T Q o 2 £ = < c £ .
£ jc = 2 S 2 E S £ 2 £ 2
Program and Technology Group Lo | & S S 3 g | T < 2 & S S Total
Retrofit Central A/C 1 - T - - - - - - - - - - - -
Express  |Adjustable Speed Drives - - - - - - - - - - - -
Package Terminal A/C - - - - - - - - - - .
Set-Back Thermostat - - - - - - . - - - - - i
Reflective Window Film - - - - - - - - - - - - -
Water Chillers - - - - - - - - - - - - -
Other HVAC Technologies - - - - - - - - R - - R -
Retrofit Express Program Total - - - - - - - - - - - - -
REO Adjustable Speed Drives - - - - - - - - - R - - -
Water Chillers - - - - - - - - - - - - -
Cooling Towers - - - - - - - - - - - . -
High Efficiency Gas Boilers - - - - - - - - - 1.00 - - 1.00
Retrofit Efficiency Options Program Total - - - - - - . - - 1.00 - - 1.00
APO Water Chillers - - - - - - - - - - 1.00 - 1.00
Customized EMS - - 1.00 - - - - - - - - - 0.25
Customized Controls 0.91 - - - - - 0.87 - - - - - 0.90
Convert To VAV - - - - - - - - - - - - -
Other Customized Equip 1.00 - 1.00 - - - - - - - - - 1.00
Other HVAC Technologies - - - - - - - - - - 1.00 - 1.00
Advanced Performance Options Program Total 0.96 - 1.00 - - - 0.10 - - - 1.00 - 0.85
Total 0.96 - 1.00 - - - 0.10 - - 1.00 1.00 - 0.85




Attachment 3-23
Commercial HVAC Net-to-Gross Adjustments for Therm Impacts
By Business Type and Technology Group

E - <4 z Y g §
3 _ >~ g S 3 3 - 2
3} — 20 <} < = £ = £ < £ .
B s = 2 g Z E 2 £ 2 £ g
Program and Technology Group 5 g S 9 5 z £ 2 Z 8 S = Total
Retrofit Central A/C 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 -
Express Adjustable Speed Drives 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 TR
Package Terminal A/C 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 ©
Set-Back Thermostat 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 ) )
Reflective Window Film 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36
Water Chillers 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Other HVAC Technologies 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.4 0.14 0.14 0.14 0.14 Q
Retrofit Express Program Total [ s " e e ] fe o ] E (e ] a
REO Adjustable Speed Drives 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73
Water Chillers 0.90 0.90 0.90 0.90 . 0.90 0.90 0.90 0.90 0.90 - 0.90 0.90 0.90
Cooling Towers 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 o
High Efficiency Gas Boilers 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 U050
Retrofit Efficiency Options Program Total TR = - [ o 3 & e P e | BEY ]
APO Water Chillers 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0190
Customized EMS 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0190
Customized Controls 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 J190]
Convert To VAV 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Other Customized Equip 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0190
Other HVAC Technalogies 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 [ g
Advanced Performance Options Program Total 0150 0K 5 S (w1 S s ] OISO
Total [ QF 0190 o RSO [ oe 1 0OEW. I e | BEN0190)




Attachment 3-24

Commercial HVAC Ex Post Net Therm Impacts
By Business Type and Technology Group

2 o — g v
= . ¢ g 3 & g
D — Fa z v s <] = :
v —_ o123 rel o 3 = = = c c .
sl s | & | g | 2| 3| 2o | e | ¢
[Program and Technology Group 5 & S 3 5] M I £ = & 3 = Total
Retrofit Central A/C - - - - - - - - - 0
Express  [Adjustable Speed Drives - - - - - - - - - - 0
Package Terminal A/C - - - - - - - . 0
Set-Back Thermostat - - - - - . - - 0
Reflective Window Film - - - - - - R - B B 0
Water Chillers - - - - - - - - - - . 0
Other HVAC Technologies - - - - - . - - - - - - 0
Retrofit Express Program Total 0 0 0 0 0 0 0 0 0 0 0 0 0
REO Adjustable Speed Drives - - - - - - - - - 0
Water Chillers - - - - - - - i - 0
Cooling Towers - - - - - - - - R B B 0
High Efficiency Gas Boilers - - - - - - - - - 2,261 - - 2,261
Retrofit Efficiency Options Program Total 0 0 0 0 0 0 0 0 0 2,261 0 0 2,261
APO Water Chillers - - - - - - - - - 80,741 80,741
Customized EMS - - 24,145 - - - - - - - 24,145
Customized Controls 43,322 - - - - - 7,707 - - - - - 51,030
Convert To VAV - - - - - - - - - - R R 0
Other Customized Equip 69,482 165,753 - - - - - - - - - 235,234
Other HVAC Technologies - - - - - - - - - - 48,289 - 48,289
Advanced Performance Options Program Total 112,804 0 189,898 0 0 0 7,707 0 0 0 129,030 0 439,440
Total 112,804 0 189,898 0 0 0 7,707 0 0 2,261 129,030 0 441,701




Attachment 3-25
Commercial HVAC Net Therm Impact Realization Rates
By Business Type and Technology Group

2 o _ & ¥
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Program and Technology Group | t::Q ;‘5 S 'CEU 2 & é ;‘“ £ g ea S S Total
Retrofit Central A/C - - - - -1 - | - | - 1 - ] - - -
Express Adjustable Speed Drives - - - - - - - - - - - -
Package Terminal A/C - - - - - - - - - - -
Set-Back Thermostat - - - - - - - - - - - - -
Reflective Window Film - - - - - - - - - - - - -
Water Chillers - - - - - - - - - - - - -
Other HVAC Technologies - - - - - - - - - - - - -
Retrofit Express Program Total - - - - - - - - - - - - -
REO Adjustable Speed Drives - - - - - - - - - - - - -
Water Chilters - - - - - - - - - - - - -
Cooling Towers - - - - - - - - - - - - -
High Efficiency Gas Boilers - - - - - - - - - 1.20 - - 1.20
Retrofit Efficiency Options Program Total - - - - - - - - 1.20 - - 1.20
APO Water Chillers - - - - - - - - - - 1.20 - 1.20
Customized EMS - - 1.20 - - - - - - - - - 0.30
Customized Controls 1.09 - - - - - 1.05 - - - - - 1.08
Convert To VAV - - - - - - - - - - - - -
Other Customized Equip 1.20 - 1.20 - - - - - - - - - 1.20
Other HVAC Technologies - - - - - - - - - - 1.20 - 1.20
Advanced Performance Options Program Total 1.16 - 1.20 - - - 0.11 - - - 1.20 - 1.02
Total 1.16 - 1.20 - - - 0.11 - - 1.20 1.20 - 1.02




Attachment 3-26
Commercial HVAC Measures
Measure Code Key

=
Business Type PG&E Measure Classification
Program and Technology Group Measure Code Action Code
Retrofit Express Program
Central A/C | S2, 5160-S163
Adjustable Speed Drives S22
Package Terminal A/C 56
Programmable Thermostat 517,518
Reflective Window Film $20
Water Chiller S$12,513
Other HVAC Technologies S21
Retrofit Efficiency Options Program
Adjustable Speed Drives $89, 590, S92, S93
Water Chillers S97, S98, 599
Cooling Tower 594, 596
High Efficiency Gas Chillers $100
Advanced Performance Options Program
Water Chillers SO 232
Customized EMS SO 204
Customized Controls SO 201
Convert to VAV S0 230
Other Customized Equipment SO 299
Other HVAC Technologies S0 234,271




Attachment 3-27
Time-of-Use Impact Distribution by Costing Period

Time-of-Use Impact Distribution

PG&E Cost Period kW Adjustment Factor | kWh Adjustment Factor

Summer On-Peak:
May 1 to Oct. 31 1.0000 0.1320
12:00 PM - 6:00 PM Weekdays

Summer Partial Peak:

May 1 to Oct. 31

8:30 AM - 12:00 PM &

6:00 PM - 9:30 PM Weekdays

0.9020 0.1320

Summer Off-Peak:
May to Oct. 31 0.5320 0.2990
9:30 PM - 8:30 AM

Winter Partial Peak:
Nov. 1 to April 31 0.5150 0.2620
8:30 AM - 9:30 PM  Weekdays

Winter Off-Peak:
Nov. 1 to April 31 0.4300 0.1750
9:30 PM - 8:30 AM Other




Attachment 4
Protocol Tables 6 and 7



PROTOCOL TABLES 6 AND 7

PRE-1998 COMMERCIAL EEI PROGRAM CARRY-OVER
EVALUATION OF HVAC TECHNOLOGIES

PG&E STUDY ID #404B

This Attachment presents Tables 6 and 7 for the above referenced study as required
under the- “Protocols and Procedures for the Verification of Cost, Benefits, and
Shareholder Earnings from Demand Side Management Programs” (the Protocols), as
adopted by the California Public Utility Commission (CPUC) Decision 93-05-063,
Revised March 1998 Pursuant to Decisions 94-05-063, 94-10-059, 94-12-021, 95-12-054, 96-
12-079, and 98-03-063.

Table 6 Assumptions

In some instances, interpretation of the Protocols allows for a variety of results to be
presented. For HVAC technologies, the interpretation of these terms are:

o Items 1.A, 1.B, 2.C, 3.C: The change model of estimates did not require an
evaluation of base usage for these technologies.

¢ Item 2.B: The per-unit gross and net impacts required by the Protocols specify
one term in the denominator, square footage. The interpretation of this-term is:

- Square footage estimates of the conditioned area were derived using survey
responses for total area affected by the retrofit.

¢ Items 6 and 7: The number of measures reported are the purchased number in
the MDSS.  As such, they reflect a variety of units of measure, including square
feet, number of units, feet of window film, number of thermostats, etc.

The Table 7 synopsis of analytical methods applied follows Items 1 through 7 of
Protocol Table 6.



Protocol Table 6

Items 1-5
PG&E HVAC Study ID #404B
Table Item Relative Precision
Item 90% 80%
Number Description Estimate Confidence Confidence
At Pre-.lnstallatlor} usage, Base usage, and Base usage per N/A N/A N/A
designated unit* of measurement.
- —
| Bt ;nez;litrz;ae;tsage, Impact year usage per designated unit* of N/A N/A N/A
2.A Gross Peak kW (Demand) Impacts 3,538 95% 74%
Gross kWh (Energy) Impacts 13,659,972 94% 73%
Gross thm (Therm) Impacts 489,681 95% 74%
Net Peak kW (Demand) Impacts 3,071 96% 75%
Net kWh (Energy) Impacts 11,865,436 95% 74%
Net thm (Therm) Impacts 441,701 96% 75%
2.B Per designated unit* Gross Demand (kW) Impacts 0.00018 95% 74%
Per designated unit* Gross Energy (kWh) Impacts 0.71097 94% 73%
Per designated unit Gross Therm Impacts 0.02549 95% 74%
Per designated unit* Net Demand (kW) Impacts 0.00016 96% 75%
Per designated unit* Net Energy (kWh) Impacts 0.61757 95% 74%
Per designated unit Net Therm Impacts 0.02299 96% 75%
2.0t Perc.ef\t change in usage (relatfve to base usage) of the N/A N/A N/A
participant group and comparison group.
2D Gross Demand Realization Rate 1.120 95% 74%
Gross Energy Realization Rate ' 0.661 94% 73%
Gross Therm Realization Rate 0.850 95% 74%
Net Demand Realization Rate 1.293 96% 75%
Net Energy Realization Rate 0.764 95% 74%
Net Therm Realization Rate 1.023 96% 75%
3.A Net-to-Gross ratio based on Avg. Load Impacts 0.869 15% 12%
318 Net.-to-Gross r.atio based on Avg. Load Impacts per 0.869 15% 12%
designated unit* of measurement.
Net-to-Gross ratio based on Avg. Load Impacts as a percent
3.Ct change from base usage N/A N/A N/A
4.A Pre-installation Avg. (mean) Sq. Foot (participant group) 140,474 29.7% 23.1%
Pre-installation Avg. (mean) Sq. Foot (comparison group) 66,642 16.2% 12.6%
Pre-installation Avg. Hours of Operation (participant group)
Pre-installation Avg. Hours of Operation (comparison group) : : _ .
4B Post-installation Avg. (mean) Sq. Foot (participant group) 141,288 29.5% 23.0%

Post-installation Avg. (mean) Sq. Foot (comparison group) 67,031 16.2% 12.6%

Post-installation Avg. Hours of Operation (participant group)

Post-installation Avg. Hours of Operation (comparison group)

t The change model estimates of impact did not require an evaluation of base usage
* The per designated unit used was Sq. Ft.

& Shaded cells were not evaluated because per designated unit calculations did not use these estimates.



Protocol Table 6
Item 6: HVAC Measure Count Data
PG&E Study ID #4048B

Number of Measures Paid in 1997

All Participants Participant Sample = Comparison Group
Program and Technology Group Description (item 6.B) (Item 6.A) (Item 6.C)
Retrofit Express Program
Central A/C 149 113 1,444
Adjustable Speed Drives 25 15 0
Package Terminal A/C 188 88 137
Set-Back Thermostat 58 58 23
Reflective Window Film 15,439 7,854 0
Water Chillers 2 2 25
Other HVAC Technologies 6 6 163
Total for Retrofit Express: 15,867 8,136 1,792
Retrofit Efficiency Options Program
Adjustable Speed Drives 3 1
Water Chillers 5 3
Cooling Towers 4 2
High Efficiency Gas Boilers 1 0
Total for REO: 13 6

Advanced Performance Options Program

Water Chillers 11 7
Customized EMS 7 2
Customized Controls 5 4
Convert to VAV 2 0
Other Customized Equipment 5 3
Other HVAC Technologies 2 2

Total for APO: 32 18

“TOTAL: 15,912 8,160 1,792




Protocol Table 6
Item 7.A: HVAC Market Segment Data
by Business Type
PG&E Study ID # 404B

HVAC
Business Type # of Part. % of Part.
Office 54 39%
Retail 5 4%
Col/Univ 8 6%
School 7 5%
Grocery 1 1%
Restaurant 7 5%
Health Care/Hospital 13 9%
Hotel/Motel 8 6%
Warehouse 2 1%
Personal Service 11 8%
Community Service 18 13%
Misc. Commercial 3 2%

TOTAL: 137 100%




Protocol Table 6
Item 7.B: HVAC Market Segment Data
by 3-Digit SIC Code

PG&E Study ID # 404B
. HVAC
Industry (3-Digit SIC Code) # of Part. % of Part.
652 34 24.8%
701 8 5.8%
822 8 5.8%
581 7 5.1%
821 7 5.1%
737 6 4.4%
806 6 4.4%
922 5 3.6%
866 4 2.9%
650 3 2.2%
799 3 2.2%
921 3 2.2%
431 2 1.5%
602 2 1.5%
631 2 1.5%
738 2 1.5%
754 2 1.5%
804 2 1.5%
805 2 1.5%
809 2 1.5%
823 2 1.5%
919 2 1.5%
74 1 0.7%
75 1 0.7%
254 1 0.7%
422 1 0.7%
514 1 0.7%
525 1 0.7%
531 1 0.7%
551 1 0.7%
571 1 0.7%
592 ] 0.7%
593 1 0.7%
633 1 0.7%
653 1 0.7%
723 1 0.7%
732 1 0.7%
791 1 0.7%
835 1 0.7%




Protocol Table 6
Item 7.B: HVAC Market Segment Data
by 3-Digit SIC Code
PG&E Study ID # 4048

HVAC
Industry (3-Digit SIC Code) # of Part. % of Part.
836 1 0.7%
864 1 0.7%
871 1 0.7%
873 1 0.7%
943 1 0.7%
944 1 0.7%
TOTAL 137 100.0%




PROTOCOL TABLE 7

PRE-1998 COMMERCIAL EEI PROGRAM CARRY-OVER
EVALUATION OF HVAC TECHNOLOGIES
PG&E STUDY ID #4048

The purpose of this section is to provide the documentation for data quality and processing as
required in Table 7 of the California Public Utility Commission (CPUC) Evaluation and
Measurement Protocols (the Protocols). Although other important considerations are
addressed throughout this section, major topics are organized and presented in the same order
as they are listed in Table 7 for ease of reference and review. When responses to the items are
discussed in detail elsewhere in the report, only a brief summary will be given in this section to
avoid redundancy.

A. OVERVIEW INFORMATION

1. Study Title and Study ID Number

. Study Title: Evaluation of PG&E's Pre-1998 Commercial EEI Program Carry-Over for
HVAC Technologies.

Study ID Number: 404B

2. Program, Program Year and Program Description
Program: Pre-1998 PG&E Commercial EEI Program.
Program Year: Rebates Received in the 1998 Calendar Year.

Program Description:

The Commercial Energy Efficiency Incentives Program for HVAC technologies offered by
PG&E has three primary components: the Retrofit Express (RE) Program, the Retrofit Efficiency
Options (REO) Program and the Advanced Performance Options (APO) Program.

The RE and REO Programs offer fixed rebates to PG&E’s customers that install specific gas or
electric energy-efficient equipment in their facilities. Both Programs cover most common
energy-saving measures: lighting, air conditioning, refrigeration/food service, and motors. To
receive a rebate, the customer is required to submit proof of purchase along with the
application. The RE Program is primarily marketed to small and medium commercial,
industrial, and agricultural customers. The maximum total rebate amount of the RE Program is
$300,000 per account. This includes participation in any combination of the lighting, air
conditioning, refrigeration/food service, and motor program options.

For the REO Program, customers are required to submit calculations for the projected first-year
energy savings along with their application prior to installation of the high efficiency
equipment. PG&E representatives work with customers to identify cost-effective
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improvements, with special emphasis on operational and maintenance measures at the
customers’ facilities. =~ Marketing efforts are coordinated amongst PG&E’s divisions,
emphasizing local planning areas with high marginal electric costs to maximize the program’s
benefits.

The APO program included all HVAC technologies that were not covered under other PG&E
rebate programs. The APO program targeted commercial, industrial, and agricultural market
segments most likely to benefit from these unique projects. Customers were required to submit
calculations for the projected first-year energy savings along with their application prior to
installation of the high efficiency equipment. PG&E representatives worked with customers to
identify cost-effective improvements that required a customized evaluation approach, as
opposed to a prescriptive approach.

3. End Uses and/or Measures Covered
End Use Covered: HVAC Technologies.

Measures Covered: For the list of Program measures covered in this evaluation, see
Attachment 3, Exhibit 3-26.

4. Methods and Models Used

The PG&E Commercial HVAC Technologies consisted of three key analysis components:
engineering analysis, billing data regression analysis, and net-to-gross analysis. This integrated
approach reduces a complicated problem to manageable components, while incorporating the
comparative advantages of each analysis method. This approach describes per-unit net impacts
as follows:

Net Impact = (Gross Impact) x (SAE Realization Rate) x (Net-to-Gross)

Gross Impact -- Gross impact is computed as the change in energy consumption for a particular
HVAC technology relative to a baseline, typically defined by Title 24, and computed using CEC
long term weather data. A detailed discussion of the HVAC impact calculations can be found
in Section 3.2.

SAE Realization Rates -- The SAE Realization Rates were estimated based on a Statistically
Adjusted Engineering (SAE) analysis using cross-sectional time series data and incorporating
prior engineering estimates. As a result, the SAE realization rates could be defined as the
percentage of a savings estimate that is detected or realized in the statistical analysis of actual
changes in energy usage. The SAE realization rates were then applied to an impact estimate
based upon the program baseline, equipment purchased under the program, and typical
weather. A detailed discussion of the final SAE model specification can be found in Section 3.3.

Net-to-Gross -- The net-to-gross (NTG) ratio adjusts the program baseline derived from
estimates of free ridership and spillover associated with the program. Two approaches were
used to capture the NTG effect: (1) a discrete choice model used to estimate free ridership and
spillover effects and (2) the NTG ratio calculation based on survey self report using a
representative nonparticipant sample to account for naturally occurring conservation. The
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NTG analysis approach is presented in detail in Section 3.4. A third approach using the net
billing model was used to verify the results of the first two approaches, and is described in
detail in Section 3.3.9.

5. Participant and Comparison Group Definition
Participant

Participants are defined as those PG&E commercial customers who received PG&E rebates in
the 1998 calendar year for installing at least one HVAC measure under the CEEI Program.

Comparison Group

The comparison group for this study is defined as a group of PG&E commercial customers who
did not receive any HVAC end-use rebates in the 1998 calendar year under the CEEI Program,
and who share as many characteristics as possible with the commercial sector participant group
in terms of annual usage and business type distribution. Customers who participated in
previous years or those who simply participated by installing a non-HVAC end-use measure,
are eligible for the comparison group.

6. Analysis Sample Size

The final analysis dataset has 703 observations based upon 703 telephone survey. The
distribution of the sample by business type and technology is presented in Section 3.1.

B. DATABASE MANAGEMENT
1. Data Description and Flow Chart

All data elements mentioned above were linked to the final analysis database through the
unique customer identifier -- the evaluation ‘site_id’ variable. For this evaluation, the analysis
database served as a centralized tracking system for each customers' billing history, program
participation, and sampling status, which helped to reduce data problems such as account mis-
match, double counting, or repeated customer contacts. Exhibit A below illustrates how each
key data element was used to create the final analysis database for the Evaluation.

2, Key Data Elements and Sources

A complete list of data elements and their sources can be found in Section 3.1. The key analysis
data elements and their sources are listed below:

Program Participant Tracking System. The participant tracking system for the RE, REO and
APO programs was maintained as part of the PG&E MDSS. It contains program application,
rebate, and technical information about installed measures, including measure description,
quantity, rebate amount, and ex ante demand, energy, and therm saving estimates.
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Exhibit A

Analysis Database Development

MDSS
Database

Telephone
Survey Data

Billing Data
(1/93 - 9/99)

KEY

Billing Data
(1/93 -- 12/98)

Research
Objectives

Analysis Sample
Design

Field Data
Collection

Lighting
Logger Data

On-Site Audit |
Data

Data Validation
and Integration

Weather Data
(1/93 -- 9/99)

O Inputs
L____E Activities
@ Outputs
l—_E:] Results

Analysis Database
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PG&E Billing Data. The PG&E billing data were obtained from two separate data requests.
The original nonresidential billing dataset contains monthly energy usage for all nonresidential
accounts in PG&E’s service territory, and was used in the sample design as described in Section
3.1. The billing histories contained in this database run for 1993 through 1998.

The second billing dataset, was later obtained from PG&E's Load Data Services.! This billing
dataset contains bill readings that run for January 1999 through September 1999, and was
therefore used in the billing regression analysis. In addition, the billing series from this
database is the PG&E pro-rated monthly usage data, a series calculated by PG&E for each
calendar month.

Telephone Survey Data. Two telephone survey samples (255 participants and 589 comparison
group customers) were collected as part of this evaluation. They were designed to be
representative of the population of each business type. The telephone survey supplies
information on customer decision-making, equipment operating characteristics, equipment
stocks, and energy-related changes at each site for the billing period covered by the statistical
billing analysis.

On-Site Audit Data. On-site audit data were collected as part of this evaluation for both the
participant and comparison group. The on-site audit is designed to support the telephone
sample for the largest participation segments. This sample contributes site-specific equipment
details, and better estimates of operating hours and operating factors. There were a total of 64
participant on-site audits conducted for this HVAC end-use evaluation.

End Use Logger Data. The logger data collected for the 1997 CEEI Evaluation provided
operating information for central air conditioner (CAC) measures. For the CAC measures, the
logger data are used to calibrate the DOE-2.1 E Models.

Weather Data. The hourly dry bulb temperature collected for 25 PG&E load research weather
sites is used in the billing regression analysis to calculate total monthly cooling and heating
degree days for each month in the analysis period. For each customer in the analysis dataset,
the appropriate weather site is linked to that customer by using the PG&E-defined weather site
to PG&E'’s local office mapping,.

Other data elements include PG&E program marketing data, PG&E internal SIC code
mapping/segmentation scheme, program procedural manuals and other industry standard
data sources.

3. Data Attrition Process

All data elements mentioned above were first validated and then merged together to form the
final analysis dataset. Records with out-of-range or questionable data were either deleted or
flagged to ensure that only those records with sufficient data, both in terms of data quality and

1A preliminary analysis has concluded that the monthly usage and bill read date information in these two
datasets is consistent.
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representativeness, were used in the analysis. The key data attrition decisions are summarized
in Section 3.3.5.

4. Internal Data Quality Procedures

The evaluation contractor of this project, Quantum Consulting Inc. (QC), has performed
extensive data quality control on all categories of program data, including utility billing data,
program tracking data, telephone survey data, and on-site audit data. QC's data quality
procedures are consistent with PG&E's internal database guidelines and the guidelines
established in the Protocols.

Throughout the course of sample design and creation, survey data collection, and data analysis,
several data quality assurance procedures were in place to ensure that all energy usage data
used in analysis and all telephone survey data collected was of high quality and would prove
useful in later analysis. The stages of data validation undertaken and the methods employed
are detailed below:

Pre-Survey Usage and Account Characteristic Data Validation. The goal of this stage of data
validation was to screen out customers who had unreasonable or unreliable usage data, or who
had changes in key elements of their billing data over the 1996 to 1998 period. Accounts for
which changes were observed in account numbers, service addresses, SIC codes, electric rate
schedules, electric meter numbers, or corporation and premise identification variables, were
excluded from sample eligibility. Usage data reliability screening first eliminated from the
sample, all accounts which experienced service interruptions, exhibited inconsistent read dates,
or for which bills were estimated. Additionally, based on comparisons of account usage
between years, and between different months in the same year, customers with unusual usage
patterns such as unusually high variation in monthly or yearly usage were given special
attention and, in some cases, excluded from the sample frame. A more detailed discussion of
the steps undertaken in the pre-survey usage and account characteristics data validation, is
provided in the discussion of survey sample creation in Section 3.1.

Real Time Survey Data Validation. Survey data collection was performed using QC'’s 24
station Computer Aided Telephone Interviewing (CATI) center. Data entry applications,
programmed using a third-party software package, employed logical branching routines and
real-time data validation procedures to ensure that survey questions were appropriate for each
customer’s situation and that recorded responses were reasonable and logical. Data entry
applications also performed real time range checks and field protection for out of range values |
during the data collection process thereby affording an additional means of ongoing data |
validation. Finally, because the software package used to program the data collection software

could output the survey data in the form of a SAS dataset, the survey data was on-line

continuously throughout the course of data collection. This allowed for the generation of

frequency distributions and cross-tabs on data at regular stages throughout the survey fielding

to facilitate QC's internal early detection and correction of data entry errors.

Final Survey Data Validation. Following the completion of survey data collection, all data was
subjected to a final stage of validation and cleaning during which illogical responses were
identified and corrected or flagged, and corrections were made to any mis-coding of data not
detected in earlier stages of cleaning and validation. All activities undertaken in the course of

Quantum Consulting Inc. 6 Protocol Table 7




survey were documented in accordance with QC’s Enumerated Quality Assurance Logs and
Standards (EQUALS) survey data collection documentation Protocols.

5. Unused Data Elements

Without exception, all data collected specifically for the Evaluation were utilized in the
analysis.

C SAMPLING
1. Sampling Procedures and Protocols

Program participants who were paid a rebate in 1998 were in most part carryover applicants.
Their projects were initiated prior to 1997 but they only applied or received a rebate in 1998
when their projects reached the final implementation stage. There were a total of 137 HVAC
sites, 99 standards and 38 customs, that received a rebate from PG&E in 1998. A complete
census of the population was needed to meet the goals of the telephone survey.

The primary objective of the nonparticipant telephone sample is to provide a control group for
the net and gross billing analyses. The final comparison group sample frame consists of 192,689
commercial customers drawn from an eligible population of over 400,000. Since comparison
group surveys were conducted only for customers in the commercial sector, the first step in
creating the sample frame is to limit eligibility to only those accounts having SIC codes
representing commercial business activities. In addition to the aforementioned criteria, the
following screening rules were also used:

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

Quality of usage readings: Customers are required to have annual non-missing, non-zero
usage values for 1997, 1998, and 1999. Customers with zero, or missing billing data, were
removed from the sample.

In drawing the sample frame, targets are established for each business type and usage segment,
so that the nonparticipant distribution, by business type and usage segment, is the same as that
of the 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 allows for survey data collection in accordance with the sample design. The final sample
design includes 48 segments classified by size according to energy usage.

The desired nonparticipant quota was 500 points, but the quota was targeted at approximately
600 points with the assumption that for certain segments with small available sample frames,
such as the “Very Large” segment, the quota would not be filled. The final sample allocation
was randomly selected within each customer segment.

The canvass sample included 50,000 randomly drawn customers within PG&E’s service
territory. It's primary function was to support the net-to-gross analysis by identifying
nonparticipants who have installed program qualifying measures outside of the rebate
programs. The sample design focused on identifying only nonparticipants who were not
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rebated in 1998. From a sample of 50,000 customers, the sample quota was targeted for 4,000
total completes with about 500 of the 4,000 having made lighting or HVAC changes.

Finally, the achieved samples and their distributions can be found in Section 3.1. Based on the
total energy usage, the sample relative precision’s were estimated to be well under 10 percent at
the 90 percent level. The procedures used in the relative precision calculation and a summary
of how the Evaluation sample design meets the Protocols' requirement in terms of sample size
and relative precision are presented in Section 3.1.

2. Survey Information

Telephone survey instruments are presented in the Survey Appendices, Appendix A (for
participants) and Appendix B (for comparison group customers). Participant and comparison
group customer's survey response frequencies are presented in Appendices E and F, respectively.
Finally, reasons for refusals are presented in Appendices K and L.

On-site audit instruments are presented in the Survey Appendices, Appendix D.
3. Statistical Descriptions

As mentioned above, a complete set of participant and comparison group customer's responses
frequencies are presented in Survey Appendices E and F. In addition, statistics on usage and
engineering impact variables that were used in the billing data regression models are also
presented in Section 3.3.

D. DATA SCREENING AND ANALYSIS

A detailed discussion of the billing data regression data analysis is presented in Section 3.3. The
statistical billing model described in this section incorporates analysis for two distinct end uses:
lighting and HVAC (for Study ID’s 404A and 404B respectively). Specific procedures and
modeling issues are discussed below.

1. Outliers, Missing Data and Weather Adjustment

Three types of data censoring screens were applied to the billing analysis sample frame to
remove customers: those that had invalid billing data, or that may not have had their bill
properly aggregated to the Site ID level, or that were extremely large users.

Invalid Usage

For customers to be included in the final billing analysis, customers had to have billing data
that met the following criteria:

The pre- and post-installation annual bills had to have been comprised of at least nine non-zero
monthly bills. If there were four or more monthly bills with zero energy, the customer was
removed from the analysis. If there were between one and three monthly bills with zero
energy, the remaining months were prorated to an annual estimate.
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The pre-installation annual bill could not be more than three times or less than one third the
post-installation bill. If this occurred, the customer was removed from the analysis.

Finally, customers were removed from the analysis if they had a measure installed under the
program that would result in an increase in usage. These individuals were identified through
customer interviews.

Note that only 14 nonparticipants were deleted, whereas 28 participants were deleted. This is
due to the fact that the nonparticipants were pre-screened to have relatively valid billing data
prior to being selected into the nonparticipant survey sample frame. The participants,
however, were drawn as a census and no pre-screening was done on their billing data prior to
being selected into the participant survey sample frame. Of the 28 participants, 18 were deleted
due to the zero bill criteria.

Aggregation to Site ID Level

As mentioned above, one concern with aggregating to the Site ID level is that there may be
control numbers associated with a different premise number, service address, or corporation
number that are in the same physical site and are being affected by the installed measures.
Therefore, a comparison was made between the engineering energy impact and the aggregated
pre- and post-installation bills to identify any customers where this problem of bill aggregation
may exist. There were 15 participants that were identified as having total Commercial Sector
Program energy impacts that were greater than their pre-installation, and were dropped from
the analysis. The large majority of these customers were also found to have invalid usage.

Large Customers

Customers whose annual pre-installation energy consumption exceeded three million kWh
were excluded from the billing analysis. A total of 40 participants and 58 nonparticipants were
dropped for this reason. This decision was made a priori to collecting the survey data, as is
documented in the Evaluation Research Plan; and is based upon the results of the previous
three Lighting Evaluations, all of which were unsuccessful in obtaining reliable results when
including customers with usage above this level. This is also consistent with the
recommendations made by the Verification Reports of PG&E’s 1995 through 1997 Commercial
Lighting Evaluations, which stated in 1995 that “program effects can be difficult to detect for
large customers,” and recommended censoring large customers for the final billing analyses.

Although the decision to censor these customers was made a priori, large participants and

nonparticipants were still surveyed (as discussed above in the Section 3.1, Sample Design) in
order to meet other evaluation objectives.

In summary, out of the original sample frame of 589 nonparticipants, 71 were removed for bad
billing data or for being an extremely large customer. This low attrition rate can be attributed
to the fact that the nonparticipant sample was pre-screened for invalid billing data (though not
for large usage, as they may have served as a control group for the participants). Of the
original sample of 255 HVAC and lighting participants, 70 were removed because of bad
billing, improper site aggregation, or because they were large customers.
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Section 3.3 presents the number of participants that were removed from the analysis for each of
the above criteria. :

2. Background Variables

Background variables, such as interest rates, unemployment rates and other economic factors,
were not explicitly controlled for in the final model, However, the effect of these factors was
explicitly accounted for when a cross-sectional time series model was used with a comparison
group. This is based on the assumption that the comparison group was equally impacted by
the same set of background variables.

3. Data Screen Process

As explained in Section 3.3, the final model was fitted in two steps. The first step is to estimate a
baseline model to develop the relationship between the pre-installation year usage and the
post-installation year usage, followed by an SAE model to estimate the SAE realization rates
based on the engineering estimates of program impacts. Section 1 above describes in detail all
of the data screening criteria. Section 3.3 also details the number of customers that were
screened for each criteria.

4. Regression Statistics

The billing regression analysis for the lighting program uses two different multivariate
regression models under an integrated framework of providing unbiased and robust model
estimates in the commercial sector. The key feature of our approach is that it employs a
simultaneous equation method to account for both the year-to-year and cross-sectional
variations in a manner that consistently and efficiently isolates program impacts.

A baseline model is initially estimated using only the comparison group sample. This model
estimates a relationship that is then used to forecast the post-installation-year energy
consumption for both participants and the comparison group, as a function of pre-installation-
year usage. In this way, baseline energy usage is forecasted for participants by assuming that
their usage will change, on average, in the same way that usage did for the comparison group.
The outputs of the baseline model are presented in Section 3.3.

The estimated SAE realization rates are used to adjust the engineering estimates of expected
annual energy impacts for the entire participant population. The regression statistics for the
final SAE model are presented in the following exhibit, and a more detailed discussion can be
found in Section 3.3.

The dependent variable is the difference between the actual and predicted 1999 usage using the
1997 baseline model.

SAE coefficients are calculated for six different combinations of business type and measure.
Primarily those measures that have broad participation and relatively high expected impacts
were supported by separate SAE coefficients. In addition, a separate SAE coefficient was
calculated for other Commercial Program measures outside the Lighting and HVAC end uses.
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Attempts were made to estimate the SAE coefficients at a finer level of segmentation, but
generally either one of two problems were encountered. First, available sample sizes were too
small to support a finer level of segmentation. Or second, certain parameters were correlated
with each other and needed to be combined into a single parameter (a standard econometric
solution to solving the problem of collinearity). For example, it was determined that there was a
high incidence of compact and standard fluorescent installations at the same site in office
buildings. Therefore, there was enough correlation between the compact and fluorescent
engineering estimates to warrant combining the two estimates into a single office estimate in the
model. Because of the high incidence of many types of lighting fixtures being installed at the
same premise, the level of segmentation for the lighting population was conducted by business
type.

Impact estimates from the MDSS for other end uses were included in the model for customers -
that installed measures outside the Lighting and HVAC end uses. It is not recommended that
this value be used because the sample may not be representative of the population of
participants installing these measures.

In addition to the SAE Coefficients, independent variables were included to capture changes in
lighting, HVAC and other equipment, made outside of the program, as well as changes made to
the size (square footage) of the building and with the number of employees. Separate change
variables were developed for participants and nonparticipants.
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Exhibit B

Final SAE Model Output
Parameter Descriptions VariAa';)Tfl:y:same Units P::;:::::r t-Statistic Sample Size
SAE Coefficients
Lighting End Use
Lighting Offices LGTOFF7 kWh -0.824743 -3.05 50
Lighting Retails LGTRET7 kwh -0.891237 -1.32 23
Lighting Schools LGTSCH7 kWh -0.779395 -1.00 14
Lighting Miscellaneous LGTMSC7 kwh -0.596705 -1.34 56
HVAC End Use .
Retrofit Express Measures RETXHVC kWh -1.150815 -1.38 42
Custom HVAC CUSTHVC kWh -0.757689 -1.36 6
Other End Uses
Other Impacts OTHMEAS? kWh 0.100398 0.05 18
Change Variables
Part Lighting Changes LGT_CHG? kWh -0.019670 -0.72 18
Part HVAC Changes AC_CHG7 kWh -0.064773 -2.53 28
Part Other Equipment Changes OTH_CHG? kWh -0.025256 -0.38 4
Part Square Footage Changes SQFT_CH?Y # Sqft*kwh 11.647230 4.79 6
Part Employee Changes EMP_CHG7 # Emp*kWh  611.527341 1.27 27
Part EMS Changes EMS_CHG7 kWh 0.049254 2.64 38
Nonpart Lighting Changes LGT_NON7 kwh 0.100211 5.94 60
Nonpart HVAC Changes AC__NON7 kWh 0.008429 0.60 71
Nonpart Other Equipment Changes OTH_NON? kWh -0.035692 -1.86 42
Nonpart Square Footage Changes SQFT_NO7 # Sqft*kwWh -1.012276 -1.60 20
Nonpart Employee Changes EMP_NON7 # Emp*kWh  332.980301 3.38 598
Nonpart EMS Changes EMS_NON7 kwh -0.024088 -2.54 82

5. Model Specification

The model specifications are presented in Section 3.3. Specific model specification issues are
further discussed below:

Cross-sectional Variation. The final model specification recognizes the potential heterogeneity
problem in the model and uses the following procedures to eliminate the impacts of the cross-
sectional variation: (1) observations with highest usage values were removed in the model to
reduce the overall variance of the sample in terms of usage and size; and (2) independent
variables were all interacted with the pre-installation usage to ensure that change of
independent variable will be proportional to the usage value.

Time Series Variation. The key factors to control for the time series variation in the final
model are: (1) use of the comparison group to define the relationship of the energy
consumption between two different time periods and (2) elimination of the multiple time
period interactions by only one yearly pre-installation period and one yearly post-installation
period for each stage.
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Self-selection. One solution to the problem of self-selection in the gross billing model is to
include an Inverse Mills Ratio in the model to correct for self-selection bias. This method was
addressed by Heckman (1976, 19792) and is used by others (Goldberg and Train, 19963).
Goldberg and Train develop the technique of including a second Inverse Mills Ratio in the
savings regression to account for the possibility that participation is correlated with the size of
energy savings. The second Mills Ratio is interacted with a measure of energy savings, which
allows the amount of net savings to vary with participation. A complete description of the
methods used to calculate the Inverse Mills Ratios, and the results of the net billing model, are
described in detail in Section 3.3.9.

Collinearity. Various statistical tests (such as COLLIN and VIF options in SAS) were used to
check multiple collinearity problem among independent variables in the model to ensure that
the final parameter estimates are robust.

Net Impact. As mentioned in the Self-selection section above, a net billing model was
implemented using the double inverse Mills ratio approach. The net billing model’s estimates
of the term (1-FR) were used to verify the results of the self-report and discrete choice models.
The net billing model’s estimates of (1-FR) were the highest of all three models tests. To be
conservative, a the net impacts were derived from the gross billing analysis model and adjusted
by a net-to-gross ratio using self-report methods. For a detailed discussion on the selection of
the NTG ratios, refer to Section 3.4.4.

6. Measurement Errors

For the billing data regression analysis, the main source of measurement errors is the telephone
survey. Our approach has been to proactively stop the problem before it happens so that
statistical corrections are kept to a minimum.

Measurement errors are a combination of random and non-random error components that
plague all survey data. The non-random error frequently takes the form of systematic bias,
which includes, but is not limited to, ill-formed or misleading questions and mis-coded study
variables. In this project, we have implemented several controls to reduce systematic bias in
the data. These steps included: (1) thorough auditor/coder training; (2) instrument pretest;
and (3) cross-validation between on-site audit data and telephone survey responses.

The random measurement error, such as data entry error, has no impact on estimating mean
values because the errors are typically unbiased. For the measures that were modeled in the
billing regression analysis, the impact of random unbiased measurement errors was accounted
for as part of the overall standard variance in the parameter estimate.

2 Heckman, J. 'The Common Structure of Statistical Models of Truncation, Sample Selection and Limited
Dependent Variables and a Simple Estimator for Such Models.", Annals of Economic and Social Measurement, Vol. 5,
pp- 475-492, 1976.

Heckman, ]. "Sample Selection Bias as a Specification Error." Econometrica, Vol. 47, pp. 153-161, 1979.

3 Goldberg, Miriam and Kenneth Train. 'Net Savings Estimation: An analysis of Regression and Discrete
Choice Approaches’, prepared for the CADMAC Subcommittee on Base Efficiency by Xenergy, Inc. Madison, WI,
March 1996.
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7. Autocorrelation

The autocorrelation problem exists if the residuals in one time period are correlated with the
residuals in the previous time period. Since the final model is based on a yearly pre- and post-
installation period comparison with only one year in each period, the autocorrelation problem
was unlikely to occur under this scenario, as was confirmed by examining the Durbin-Watson

statistic for these models.

8. Heteroskdasticity

See discussion above.

9. Collinearity

See discussion above.

10.  Influential Data Points
See discussion above.

11.  Missing Data

See discussion above.

12. Precision

The precision calculation for the gross SAE realization rates are presented in Section 3.3.
Relative precision’s for net estimates were calculated using the following procedure:

e First, NTG ratios, N, were computed for all technology groups that were represented in

the telephone survey.
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e Then, the program level NTG and program level standard error for the NTG were
calculated using the classic stratified sample techniques. The program level NTG was a
weighted average of technology level NTG values with adjusted gross impacts per

technology group providing the weights.4 The functional relation can be best described
in the following equations:

N=Ziw,. *N, with w, = MWh,

StdErryg = [5[(w,) * StdErr?]

Where,

NTG = Net-to-Gross Value;
i =Technology Group i; and,

w; = Weight of technology group i.

e Then, the relative precision for the program NTG value for energy was calculated and
combined with the relative precision of the gross energy impact to yield an overall
relative precision for the net energy impacts:

RP. olamn *StdErr
NTG _ Energy — NetMWh

RP = JRP +RP?
Nett-nergy N7(: _Lnergy Grosstnergy

e Finally, the relative prec1sxon net demand impacts were calculated usmg a scaled
version of the relative precision for the net energy impact. The sample sizes of the on-
site audits and telephone surveys served as the scalars:

= RP N OnSite
- Neil nergv N
Telephone

RP,

NetDemand

¢ Per-unit NTG relative precision data appearing in Table 6 (Items 1-5) were calculated in
a similar fashion.

4 Technology groups with no standard errors were excluded from this calculation.

5 The example shown is for the 90 percent confidence level. Relative precision was also calculated at the 80
percent confidence level.
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E. DATA INTERPRETATION AND APPLICATION

The program net-to-gross analysis was conducted based on survey self-report. For a detailed
NTG analysis discussion, see Section 3.4.

Self Report Method

The self-report method used to score free-ridership uses participant responses to survey
questions regarding the timing of and reasons for equipment replacement actions. The
complete text of the participant surveys may be found in the Survey Appendices, Appendix A.
Questions used for the self-report analysis are summarized in Section 3.4.

The net-to-gross ratio using the self-report method included estimates of free-ridership and
spillover. These results yielded the lowest estimates of net participation, and were used in all
circumstances.
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PACIFIC GAS & ELECTRIC COMPANY
RETROACTIVE WAIVER FOR
Pre-1998 CEEI PROGRAM CARRY-OVER: LIGHTING AND HVAC END USES
Net-to-Gross Analysis
STUDY IDs: 404a & 404b
Date Approved: 5/20/99

Program Background

Pacific Gas & Electric Company (PG&E) fielded DSM programs to the Commercial sector (among
others) prior to 1998. The primary purpose of the Pre-1998 Commercial Energy Efficiency Incentives
Program (Program) was to promote the installation of energy efficient equipment retrofits. The Program
offered a wide variety of energy efficient prescriptive lighting and HVAC measures ranging from
compact fluorescent lamps to custom non-prescriptive lighting and HVAC measures. The impact
evaluation associated with this waiver is designed to assess the actual load impacts resulting from the
lighting and HVAC measures committed under the pre-1998 Programs but rebated during 1998 (Carry-
Over).

Pre-1998 Program Carry-Over Summary: Indoor Lighting End Use

STechnologys ' : UniquelSitesy|PFAVoi SN Fﬁ}r entapeion

. | T I T NRU R AV oided{Co
Compact Fluorescent Lamps 164 1,224,634 13.8%
Controls 65 348,665 3.9%
Customized Lighting 3 16,694 0.2%
Delamp Fluorescent Fixtures 106 2,083,451 23.6%
Efficient Ballast Changeouts 35 26,744 0.3%
Exit Signs 108 201,030 2.3%
Halogen 15 2,447 0.0%
High Intensity Discharge 19 325,393 3.7%
T-8 Lamps and Electronic Ballasts 371 4,615,941 52.2%
TOTAL (Unique Sites) 474 8,844,997 100.0%

Pre-1998 Program Carry-Over Summary: HVAC End Use

b G iy
Adjustable Speed Drives 456,485
Central A/C 63 251,301 2.6%
Convert To VAV 2 222,348 2.3%
Cooling Towers 4 167,833 1.7%
Customized Controls 5 304,060 3.1%
Customized EMS 13 1,012,859 10.4%
High Efficiency Gas Boilers 1 8,066 0.1%
Other Customized Equip 6 2,252,416 23.2%
Other HVAC Technologies 3 657,368 6.8%
Package Terminal A/C 12 41,720 0.4%
Reflective Window Film 24 62,266 0.6%
Set-Back Thermostat 20 49,780 0.5%
Water Chillers 17 4,223,765 43.5%
TOTAL (Unique Sites) 164 9,710,268 100.0%
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PG&E Pre-1998 CEEI Carry-Over: Lighting & HVAC NTG Analysis
Request for Retroactive Waiver

Proposed Waiver

This waiver requests deviations from the Protocols' by PG&E for the pre-1998 Commercial Sector Carry-
Over Evaluation, lighting and HVAC end uses. PG&E seeks CADMAC approval to allow the use of self-
report based algorithms to estimate free ridership and spillover effects for certain technologies should the
discrete choice and LIRM models fail to produce statistically reliable results of net-to-gross estimates.
Therefore, the self-report methodology would only apply to those technologies (not the entire end-use) for
which the discrete choice and LIRM models fail to produce statistically reliable results. This waiver is
very similar to one submitted and approved by the CADMAC on January 20, 1999.

Rationale

It is our expectation that the discrete choice model will provide statistically reliable results for all lighting
technologies, as was the case in the 1996 and 1997 evaluations. However, because this is a carry-over
year, participation in the HVAC end use was very low. Therefore, we do not expect to have sufficient
sample sizes to implement a discrete choice model for HVAC measures. Furthermore, for custom types
of HVAC installations and lower penetrated HVAC technologies, sample sizes of nonrebated installations
are also too small to implement a discrete choice model. In addition, low levels of participation for
HVAC technologies also reduce the likelihood of obtaining statistically reliable results from a LIRM
model.

If, after following procedures that are generally accepted as best practices for developing statistical
models (see Table 7 of the Protocols) we are unable to build a reliable discrete choice model or LIRM for
certain technologies, we propose relying on the self-report estimates of free-ridership and spillover.
Methods used for the self-report analysis will follow the Quality Assurance Guidelines, and are
documented in previous PG&E Evaluation Research Plans and Final Reports, which have been submitted
to the ORA.

The primary reason why the discrete choice model may not be used for some technologies is an

insufficient number participants, as well as an insufficient number of nonparticipant adoptions identified
in the nonparticipant and canvass survey. For example, we do not expect to find a sufficient number of
cooling tower adoptions to warrant its inclusion in the discrete choice model. Examples of conditions that
could lead to the rejection of the net LIRM approach might include the following: (1) a small number of
observations control the model results; (2) intractable collinearity; or (3) intractable nonsignificant t
statistics. Based on our experience (particularly with the HVAC end use), we believe these problems (and
possibly others) are very likely to materialize. The prevailing criterion for assessing this decision would
be that a verification study or peer review would lead to a similar conclusion. Results from all three
models will be presented in the final Study, as they were for the 1996 and 1997 evaluations.

98_com! carry-overiwaiversintg waiver_rev.doc - 04/29/1999

' Protocols and Procedures for the Verification of Costs, Benefits, and Shareholder Earnings for Demand-
Side Management Programs, as adopted by California Public Utilities Commission Decision 93-05-063,
revised March 1998.
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