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EVALUATION OF 
PACIFIC GAS & ELECTRIC COMPANY'S 

PRE-1998 COMMERCIAL ENERGY EFFICIENCY INCENTIVES PROGRAM CARRY-OVER 
FOR HVAC TECHNOLOGIES 

PG&E 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 . 7 5 1  15,525,132 
Then'ns 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 I-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 0.1 O0 0 . 7 5 1  15,525,132 

Therms 575,787 0.650 0.100 0.750 431,840 

EX POST 
kW 3,538 1.120 0.728 0.1.40 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 

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. 
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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 0.90 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. 
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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: 
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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 
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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. I 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. 
as defined by PG&E, are: 

Office 

Retail 

College and University 

Schools 

Grocery 

Restaurant 

Building types for the commercial market sector, 

Health Care 

Hotel/Motel 

Warehouse 

Personal Service 

Community Service 

Miscellaneous 
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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. 

2.2.3 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). 1 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 2 - 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 
applications 
information 
information 
A thorough 
estimates of 

estimate was computed. For premises recruited for on-site audits, these 
provided the QC engineer with enough information to determine what additional 
was needed to be collected. The remaining (not visited) APO files had enough 
in the documentation to support an engineering review of the impact calculations. 
assessment of each APO application was conducted, and unadjusted engineering 
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. 
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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 genera.te 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 spiUover, 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. I. 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: 

• 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 
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Technology 

HVAC End Use Unique Sites 

HVAC Central A/C 
Adjustable Speed Drives 
[Package Terminal A/C 
Set-Back Thermostat 
Reflective Window Film 
Water Chillers 
Customized EMS 

i 

Customized Controls 
Convert To VAV 
Other Customized Equip 
Cooling Towers 
High Efficiency Gas Boilers 
Other HVAC Technologies 
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Annual energy consumption values were used to group customers into four usage/size strata 
based upon a Dalenius-Hodges I 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 ($160) and Set-Back Thermostat ($18) 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 11 
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 Performance 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 b i l l ing  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, o r  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. 

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. 
was randomly selected within each customer segment. 

Exhibit 3-4 
Nonparticipant Survey Quotas 

Telephone Survey Sample 

The final sample allocation 

Small Medium [ Large [ Very Large 
Business Type Quota Avail. N Business Type Quota Avail. Quota Avail 

Office 43 20,253 860 
Retail 30 19,857 600 

Col/Univ 0 449 O 

School 18 1,807 360 

Grocery 11 6,228 225 
Restaoranl 5 1 t,169 t09 
Health Care/Hosp 1 t 7,668 210 

Hotel/Motel 16 1,753 320 

Warehouse 15 6,708 300 
Personal Service t 5 12.984 300 

Community Service 30 15.092 760 

Misc. Commercial 25 I t,719 500 

Office 37 1,416 
Retail 30 t,403 

Col/Univ 2 49 

School 16 768 
Grocery 7 916 

Reslauranl ~ 4 1,794 

Health C.are/Hosp 3 467 

Hotel/Motel 2 363 
Warehouse 8 483 

Personal Service t 5 306 

Community Service 11 787 

Misc. Commercial 3 692 

N Business Type i 
740 Office 
600 Retail 
40 Col/Univ 

320 School 
150 Grocery 
273 Restaur~nl 

60 Health CareJHosp 

40 HoTel/Motel 

150 Warehouse 

300 Personal Service 

220 Community Service 

67 Misc. Commercial 

Quota Avail. N Business Type 
I 

4s 77s I [ , ~ 1 [  ofr, ce 39 148 

11 508 220 Retail 4 38 

2 ~030 B C o l / U n i v  1 0 2 5  
20 School 3 

11 506 225 Grocery 2 19 

11 85 E R~taurant 1 0 

16 107 g Health CareJHosp 8 50 

12 125 Hotel/Motel 6 30 

8 212 1SO Warehouse 1 17 

B 121 B Personal Service 4 

7 321 140 Community Service 6 48 
2 380 33 Misc. Commercial 2 

N 

,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 1,72q 

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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Exhibi t  3-5 
Data Collected by Program and End Use 

Data Collected Data Used in HVAC Analysis 

Available Telephone Telephone 
Program End Use On-Site Audits 

Population Survey Survey 

Custom Lighting 

HVAC 38 5 26 

On-Site Audits 

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 2. 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: 

• 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. 
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• For HVAC, the relative precision is 7.2 percent based upon a survey sample of 604 

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 Relative 

Weight Sample Mean STD 
Error Precision 

90.5% 238 41,641 40,421 2,617 10.3% 
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 
Standard Relative 

Weight Sample Mean STD 
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 (i.e., 
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 I 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 ANAL YSIS 

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: 

• 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 5" 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. I 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-Condit ioners  - 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 H V A C  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) 

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

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

• Create undiversified and diversified energy models 

• Calculate CAC energy savings 

• 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 temperatures 6. 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. Min imum 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 11 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 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 

kWh.,,~.i 

Where, 

kWh.,..,,.i 

= U *  EFLHj *T*12*IE~R I 
E E R ~toss 

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

U = Number of units installed; 

EFLH.j = Diversified Equivalent Full Load Hours for business type j; 

T = Number of tons installed; 

12 = Conversion of tons to kBtuh; 

EER I = Existing System EER; and, 

EERMDss = 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 7 were used to generate the calibrated DOE-2.1E energy 
estimates, instead of actual adjusted CEC weather  data. 

B a s e l i n e  - CAC savings estimates were adjusted to reflect the difference between post-retrofit 
conditions and min imum 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 undiversif ied 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 

Where, 

kW~v,ij, k = Peak demand  impact for participant I, in business type j, climate zone k; 

U = Number  of units installed; 

CDFj,k = Coincident Diversity Factor for business type j, climate zone k; 

T = Number  of tons per installed unit; 

EER I = Baseline EER; and, 

EERM.ss = 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 CZxxRV2.WY2, where xx indicates the climate zone. 

Quantum Consulting Inc. 3-16 Methodology 



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 

• Compute fully loaded demand for each fan 

• Calculate fan savings normalized by motor HP 

• Correlate frequency data with outdoor temperature or time 

• Compute annual undiversified savings and impact 

• Diversify savings and impact estimates with operating factors 

• 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, 
kWioo, i - and 

PERkw.i 

PERkw'i' =0"2198-I0"8748"(Hzi11+I 1"6526.(Hzil2 ] ,  60 )_~ , 60 ) 

Where, 

kWiooj = Fully loaded draw of the fan during interval i; 

kW i = Observed frequency during interval i; 

PERkw.i = 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  
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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 kWhl00 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.,.~v.i 

Where, 

kWhsa,,,i 

=U, *[kWh, ooj z - kWhj: ] 

= Annual energy impact for customer i (kWh/yr.); 

U, = Total retrofit Horsepower for customer i; 

kW/%0j: = Annual diversified energy use per horsepower for business type j 

(kWh/yr.) and climate zone z for fans without adjustable speed drives; 

kWhj: = 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 

kZ4,,,.., =OF. * [kWh00 -krV] 

Where, 

kWi.,p,i = Peak demand  impact for participant i; 

OFj = Mean weekday  operating factor between the hours of 12PM to 6PM for business 

type j; 

kW~o o = 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 tlhe "custom" measure 
segment: 

• Chillers; 

• Convert  toVAV; 

• 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 

• 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 FilingS). For 
each measure, the following analysis steps were performed in an algorithm review: 

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

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 
Description: 

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

Summary of 
Advice Filing 
Calculations: 

A b in  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. 

Comments on 
Advice Filing 
Calculations: 

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. 

Comments on 
Advice Filing 
Inputs: 

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. 

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 
Description: 

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

Summary of 
Advice Filing 
Calculations: 

Comments on 
Advice Filing 
Calculations: 

Comments on 
Advice Filing 
Inputs: 

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. 

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. 

Evaluation Process: 

Additional Notes: 

Usir~g 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. 
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Reflective Window Film 

Measure 
Description: 

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

Summary of 
Advice Filing 
Calculations: 

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. 

Comments on 
Advice Filing 
Calculations: 

Methods used to determine energy and demand impacts are 
valid. 

Comments on 
Advice Filing 
Inputs: 

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. 

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

Additional Notes: 
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Direct Evaporative Coolers 

Measure 
Description: 

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

Summary of 
Advice Filing 
Calculations: 

Demand and energy savings were developed on a per ton basis 
for each climate zone using fan operating characteristics, 
temperature design conditions, and cooling degree hours. 

Comments on 
Advice Filing 
Calculations: 

Calculation methods cited in the Advice Filing do not accurately 
model participant specific retrofits. In some cases, negative 
demand and energy savings are calculated. 

Comments on 
Advice Filing 
Inputs: 

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

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 
Description: 

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. 

Summary  of 
Advice Fi l ing 
Calculations: 

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. 

Comments  on 
Advice Fi l ing 
Calculations: 

The percent a fan is loaded is generally independent from 
efficiency. 

Comments  on 
Advice Fi l ing 
Inputs: 

The fan load/efficiency value is not substantiated with 
documentation. Assumed hours of operation are poorly 
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. 

Addit ional  Notes: 
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Timeclocks 

Measure 
Description: 

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

Summary of 
Advice Filing 
Calculations: 

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

Comments on 
Advice Filing 
Calculations: 

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. 

Comments on 
Advice Filing 
Inputs: 

Weather data was for 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 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: 

All three measures involve the replacement of an existing 
standard-efficiency AC un i t  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. 

Evaluation Process: 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. 

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.  

• 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, 9 
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 

Program and Technology Group 

Retrofit 
Express 

Central A/C 
Adjustable Speed Drives 
Package Terminal A/C 
Set-Back Thermostat 
Reflective Window Film 
Water Chitlem 
Other HVAC Technologies 

Retro 'it Express Program Total 
Adjustable Speed Drives 
Water Chillers 
Cooling Towers 

Relrofit Efficiency Options Program Total 
Water Chillers 
Customized EMS 
Customized Controls 
Other Customized Equip 
Other HVAC Technologies 

Advanced Performance Options Program Total 

Tolal 
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Exhibit 3-16 
Billing Analysis Sample Frame 

Pre-Censoring 
Nonparticipants 

Program and Technology Group 
Nonparticipant Total ]] 

IRHHHHHg HHR,II 
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. 
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Exhibit 3-17 
Commercial HVAC Rebated Technologies 

By Estimated Installation Date 

0.9 
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0.7 
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0.3 

0.2 

0.1 

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-screef~ed 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 

Participant or Zero Monthly 
Nonparticipant Bills >= 4 

Measure 
Usage Tripled Caused Number 

or Cut by a Increase in Removed From 
Third Analysis 

Usage 
YES NO 2 

NO NO 9 
YES NO 3 

NP NO 

NP YES 
NP YES 

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 
Participant or Zero Monthly Usage Tripled Caused Bill Not Number 

Nonparticipant Bills >= 4 or Cut by a Large Customer Aggregated Removed From 
Third Increase in Properly Analysis 

Usage 
NP NO NO NO NO NO 57 
NP NO NO NO NO NO 1 
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 

Program and Technology Group 
Retrofit 
Express 

Jr-aia r~lll~r// 
Adjustable Speed Drives 
Package Terminal A./C 
SeI-Back Thermostat 
Reflective Window Film 
Water Chillers 
Olher HVAC Technologies 

Retrofit Express Program Total 
REO 

APO 

Adjustable Speed Drives 
Water Chillers 
Cooling Towers 

Retrofit Efficiency Options Program Total 
Water Chillers 
Customized EMS 
Customized Controls 
Olher Customized Equip 
Other HVAC Technologies 

Advanced Performance Options Program Total 

Totai 
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Exhibit 3-21 
Billing Analysis Sample Used 

Post-Censoring 
Nonparticipants 

Program and Technology Group 
Nonparticipant Total 

> ~ - 

1 2 2 [  71 ] 4 I 51 [ 30 I 30 I 30 I 3; I 29 I 29 I S4 I 31 
Total 
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: 

kWhpo.,.,. , = ~ j  ((fljkWhpre. , ) + r (aCDD,  ) * kWhp,,., + ~ k  rlk NChg'.  k + ~ 

Where, 

kWheo.,.,.; and kWhp,~.~ are nonparticipant i's annualized energy usage for the post- and 

pre- installation periods, respectively; 

A C D D  i are the annual change of cooling degree days (base 62°F) between the post- 

installation year and pre-installation year; 

NChgi.  k 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; 

13, y and r] are the estimated slopes on their respective independent variables. 
Separate slopes on pre-usage are estimated by business type; and, 

c 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 (13 and y): 

kWh,,~,., = l~r , (kWhrr ~, ACDD) = ~ j  (pjkWhpr,. ,) + r(ACDD i) * kWhpr¢, 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 ( NChgi. k ), 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 regression 10 
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. S., "Limited-Dependent and Qualitative Variables in Econometrics," Cambridge University Press, 
Cambridge, 1987, pp. 283-290. 
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k~/JZh99.i = 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 * COMMUN7 + 0.98 * MISC7 

- 0.000273 * CDD1 __ 9 7 9 9 _ 9 7 , i  * kWh97.i - 0.000097 * CDD11 __ 9 7 9 9 _ 9 7 d  * kWh97,i 

Exhibit 3-22 
Billing Regression Analysis Final Baseline Model Outputs 

Parameter Descriptions Analysis Parameter 
Variable Name Units Estimate t-Statistic Sample Size 

Pre-Usage 
Office OFFICE7 kWh 0.864184 31.75 122 
Retail RETAIL7 kWh 0.875604 25.99 71 
School SC HOOL7 kWh 0.927060 27.91 51 
College COLLEGE7 kWh 1.015876 14.36 4 
Grocery GROCERY7 kWh 0.884046 25.38 30 
Restaurant RESTRNT7 kWh 0.782524 21.42 30 
Hospital HOSP7 kWh 0.903020 25.84 30 
Hotel/Motel HOTMOT7 I~Wh 0.917125 30.48 37 
Warehouse WH RSE7 kWh 0.789896 20.74 29 
Personal Service PERSVC7 kWh 0.855987 11.40 29 
Comm. Servcie COMMUN7 kWh 0.858758 17.41 54 
Miscellaneous MlSC7 kWh 0.978857 13.37 31 

Weather Changes 
Change in CDD CliZone 1,2,3,4,5 CDD1_97 CDD*kWh -0.000273 -4.61 232 
Change in CDD CliZone 11,12,13,16 CDD11_97 CDD*kWh -0.000097 -2.88 286 

Other Site Changes 
Lighting Changes LGT_CH G7 kWh 0.100211 5.14 60 
HVAC Changes AC CHG7 kWh 0.008429 0.49 71 
Other Equipment Changes OTH_CHG7 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_CHG7 kWh -0.024088 -1.86 82 

SAE Model 

Using the predicted post- instal lat ion usage values es t imated in the baseline model ,  a 
s imul taneous  equat ion mode l  is specified to est imate the SAE coefficients on energy  impact.  
The SAE s imul taneous  sys tem can be described as follows: 

kWh99.,- k/'Vh99., = kWh99 J - F97 (kWh97, A C D D ) 

= Z,,, fl;, Eng,, + Z k  P; PChgi.k + Z k  rl; UChg,,k + It~ 
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Where, 

kWh99,i and kWh97,i a r e  customer i's annualized energy usage for the post- and pre- 

installation periods, respectively; 

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

fl,', Eng m are the participant engineering impacts; 

PChgi. k 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; 

NChgi. k 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 Bilfing 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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Parameter Descriptions 

Exhibit 3-23 
Gross Billing Regression Analysis Final Model Outputs 

Analysis Units Parameter 
Variable Name Estimate t-Statistic Sample Size 

SAE Coefficients 
Lighting End Use 

Lighting Offices LGTOFF7 kWh -0.824743 -3.05 S0 
Lighting Retails LGTRET7 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_CHG7 kWh -0.019670 -0.72 18 
Part HVAC Changes AC CHG7 kWh -0.064773 -2.53 28 
Part Other Equipment Changes OTH_CHG7 kWh -0.025256 -0.38 4 
Part Square Footage Changes SQFT_CH7 # 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_NON7 kWh -0.035692 -1.86 42 
Nonpart Square Footage Changes SQFT_NO7 # Sqft*kWh -1.012276 -1.60 20 
Nonpart Employee Changes 
Nonpart EMS Changes 

EMP_NON7 # Emp*kWh 332.980301 3.38 598 
EMS_NON7 kWh -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 Ext'dbit 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 

~roBram and Technolofiy Group 
~etrofit Central A/C 
-:xpress Adjustable Speed Drives 

Package Terminal A/C 
Set-Back Thermostat 
Reflective Window Film 
Water Chillers 
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'~PO lWater Chillers 
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'Convert To VAV 
'Olher C ~ s t o m i z e d  Equip 
Other HVAC Technolo i ~  

~ I ~ I 8 I ~ ,  
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Relat ive Precision Ca lcu la t ion  

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. 
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Total Adjusted Energy Impact  = Zi piEng~ 

Where ,8~ and Eng~ are the SAE coefficients and unadjusted engineering impact 

estimates for segment i, respectively. The program level standard error can be 
estimated as: 11 

StdErr= ~ ( C I ' ~  * fli * Eng,) 2 

Where, 

CI'~- std(fli) is the coefficient of variation in segment i, estimated in the billing 
P, 

regression model. 

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

t * StdErr 
RP= 

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% at 90% 
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, 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, J. "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. 

Quantum Consulting Inc. 3-48 Methodology 



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. Atl but 6 of the 5,177 survey respondents were used to estimate the participation 
probit for the HVAC Program 14. 

Using the probit specification, the decision to participate in the HVAC Program is given by: 

P A R T I C I P A T I O N  = a + f i X . +  y Y  + ,9'Z + 

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 dependabil i ty 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 (a) 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. 

Exhib it  3-26 
Variables Used in H V A C  Probi t  Model  

Variable Variable 
Name Units Type 

AWARE 0,1 X 
Des cription 

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 Z Hotel 
HV_INFO 0,1 X Made aware by HVAC contractor prior to 1998 
MISCCOM 0,1 Z Miscellaneous commercial building 
OFFICE 0,1 Z Office building 
OWN 0,1 Y Own building 
PERSONL 0,1 Z Personal services building 
PGE_INFO 0,1 X Made aware by PG&E representative prior to 1998 
RESTR 0,1 Z Restaurant 
RETAIL 0,1 Z Retail building 
SCHOOL 0,1 Z School 
SFADD 0,1 Y Square footage added to the facility 
SHTLEASE 0,1 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 = qk(Q)///(Q) (for participants) 

=- qk(Q)//~(_Q) (for nonparticipants) 

Where, 

Q=ct + fl'X + ?Y  +~9'Z 

Exhibit 3-27 
HVAC Probit Estimation Results 

Variable Variable Coefficient Standard Significance 
Name Units Type E s timate E rror 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 0,1 Y 0.49 0.14 1% 
EMPCHG 0,1 Y 0.25 0.16 10% 
GROCERY 0,1 Z -0.62 0.44 16% 
HEALTH 0,1 Z 0.00 0.23 99% 
HOTEL 0,1 Z 0.10 0.28 71% 
HV_I N FO 0,1 X 0.17 0.91 34% 
MISCCOM 0,1 Z -5.65 8209.42 99% 
OFFICE 0,1 Z 0.14 0.17 41% 
OWN 0,1 Y 0.81 0.23 1% 
PERSON L 0,1 Z -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 Z -0.90 0.37 2% 
SCHOOL 0,1 Z -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: 

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

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: 

k W h 9 9 , i  - kfflh99., = kwh99., - F97 (kWh97., , ACDD , ) 

= ,91Mills1.igh,., + GMillsHvAC., + ~ , ,  G, MillsL,gh,., * Engl.~gh,.,,. , 

+ Em6"MillSnvAc, '*  EngnvAc..,,, + E ,  r]'kNChgi,k + E ,  PkPChgi,k + ~ 

Where 

kWh99,~and k~Vh97.i are customer i's annualized energy usage for the post- and pre- 

installation periods, respectively; 

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

NChg~.a.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~. k 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; 

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

MillSHvAC.i is the Mills Ratio for the HVAC end use for customer i; 
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EngLch,,,,. i are the engineering impact estimates for Lighting technology m, customer i; 

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

~9 and c~ 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 

Analysis Units P a r a m e t e r  t-Statistic Sample Size Parameter Descriptions Variable Name Estimate 

Mills Ratios 
Lighting LRMILLS U nitless 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 CHG7 kWh -0.021378 -0.78 18 
Part HVAC Changes AC CHG7 kWh -0.067164 -2.57 28 
Part Other Equipment Changes OTH_CHG7 kWh -0.055311 -0.88 4 
Part Square Footage Changes SQFT CH7 # Sqft*kWh 11.673152 4.75 6 
Part Employee Changes EMP_CHG7 # Emp*kWh 567.081509 1.17 27 
Part EMS Changes EMS CHG7 kWh 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 NON7 kWh -0.035328 -1.84 42 
Nonpart Square Footage Chang SQFT NO7 # 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. 
following functional form: 

(1 - FR).,  - Mills,,, * 6.,  

ft., 

Where, 

Exhibit 

This equation has the 

Mills,,, is the mean Mills coefficient for all customers with technology m; 

ft,, is the SAE coefficient from the Gross Billing model for technology m; and, 

d,, is the regression coefficient from the Mills Model I regression for technology m. 

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 Parameter Resulting 
Parameter Descriptions Variable Name Est imate  Variable Name Estimate Mean Mills (1-FR) 

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 ANAL YSIS 

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 nonpart ic ipant  surveys and 4,333 canvass te lephone 
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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 

pd315 

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) 

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 I through 3) if: 

:..: " ' pd310':# 2 A,N:b pd315=.3 :i..:;i:.?~ ...' . 

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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• . . , '  , ' ~  " 4  " , ,  ' , ,  . .  . . . ,  , ~ .  ! . . . . . ~ . ,  , .  , 

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: 

• . . . . . . . . . . . . .  . . . , 

i ,  pd310= 2~A'N'I~iP d315=4 I'~ .~i i~i :~!ii 
,.,:' .,-~. ~./. • ~ .. . . . .  i, .... i,i ~ . . ~ .... i 
ii~. pc1310=2 AND pd'3iS=R:efused/Doli~tK~V. 

~•~•, ', :~• '•pd310 = Refused,/D0n'~tKn~W : ,,• ,• ,•!• 

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 n e t  p a r t i c i p a t i o n  if: 

pd300 = lor3  
, . . , . 

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

' " "  p d 3 0 0 . = 4 ,  : ,  , 

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: 

, . "  ' i , ;  " ' . .  " ' : L  ' .  ' ,  " ~ "  : ' . . ' • .  i " ~  

' :  pd300=Refused/Donii.Kz~oW . .."J 

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: 

. . ~ . . . . .  . 

•, : pd250-=~ 3'or 4 I . .  ' , .  , , : . .  !.  

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 : 

• ~ i " . . ' p d 2 5 0  -~l i0r,~,:"" " I 
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 
Central Air Conditioning 
Evaporative Cooler 
Other Custom Measures 
Package Terminals 
Set Back Thermostats 
Reflective Window Film 

7 40.7% 
31 55.2% 

1 100.0% 
22 23.8% 

6 10.4% 
8 44.0% 

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 nonparticipant 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 cr117 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 

cr099 

cr117 

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

What type o.f units were added? 

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

For Condition 2: 

Question cr050 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 

Sp160 

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

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 
installations were rebated. The question text for cr060 was as follows: 

participant HVAC 

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

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 spl l0 ,  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: 

• : ' " " .  ' '"! i  . ,  . . . . . .  " . .  

f spi  0 " ':' I 1 ~ 2 , 3 0 r 4  ' " 
. . . . . . . . . -  . ,  • : .  ' . . , ~  . , .  

AND equipmeiit is hi"gh efficieflcy,:i,..., ' i  

. . . .  • .then spiliover = 1 
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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: 

i s O 0 5  

s p 1 6 0  

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

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: 

.' " Ifi.Sl~180' =.2,3, or 4, !iii': i:,::: 

' ANDequipmentisi'i~ighlefflciency, .: :.] 

~ . . .  • then spHlover:=~l,~:i":".. ..i-i-. am 

. else Spillover =0, . '  i i  ' i... , I 
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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 resulting 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, including 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 lnstall Av Cost Per lnstall of Installs 

Split System A/C 2 $1,648 $3,956 22.7% 
S ingle Package A/C 3 $1,648 $4,121 63.6% 
Water Chillers 2 ~8f994 917~988 13.6% 

Weighted Average by 
Dis tribution off Ins tails ~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 

Quantum Consulting Inc. 3-67 Methodology 



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 

A ve # Units Per Unit 

Equipment Type Per NP Ins tall A v Cos t 
Split System A/C 3 $1,648 
S ingle Package A/C 3 $1,648 
Individual A/C 3 $1,648 
Package Terminal 5 $203 
Remote Condensing Unit 1 $8,809 
Evaporative Coolers 4 $2,242 
Water Chillers 2 $8,994 
Evaporative Condensers 3 $8,809 
Cooling Towers 2 $41,958 
E MS 1 $140,690 
Set Back 7 9816 

Weighted Average by 
Dis tribution of Ins tails 

Ave Av Cost 

Per Ins tall 

Dis tribution 

of Ins tails 
$4,258 
$5,615 
$4,820 

$946 
$8 809 
$7 998 

$14.241 
$22 .O23 
$62.937 

$14O.69O 
~5r712 

11.2% 
26.8% 
25.9% 

8.0% 
2.2% 

13.8% 
5.8% 
1.8% 
2.2% 
O.9% 
1.3% 

~8r564 

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 
S pillover Rate 
Number of Participants 
Number Contributing to S pillover 
S pillover Avoided Cost 
HVAC Avoided Cost 
NTG Contribution from 
Participants pillover 

$5,974 
4.58% 

566 
26 

$154,707 
~9r368r244 

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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Exhibi t  3-34 
Nonpar t i c ipan t  Spi l lover  Es t imate  

Avoided Cost Per Nonparticipant 
S pillover Rate 
Number of Nonparticipants 
Number Contributing to S pillover 
S pillover Avoided Cost 
HVAC Avoided Cost 
NTG Contribution from 
Nonparticipant S pillover 

$8,564 
0.03% 

415,930 
135 

$1,157,715 
~9r3681244 

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 I 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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P U R C H A S E  = a + ,8"X + y Y+ ~ Z +  

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 c is assumed to be 
distributed logistic consistent with the logit model  specification 

Exh ib i t  3-35 
Purchase Model Variable Def in i t ions  

Variable Variable 
Name Units Type 

AWARE 0,1 X 
Description 

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 Z 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 Z 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 Z 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_INFO 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 addit ion 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: 

C I N D E X  = (Incremental Cost - Rebate ) / Incrementa l  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 d u m m y  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 + p'X + y Y+ ,9'Z 
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Exhibit  3-36 
Purchase Model Estimation Results 

Variable Variable Coefficient S tandard S ignificance 
Name Type E s timate E rror Level 

AWAR E X 0.22 0.22 33% 
AR LIGHT Y 0.34 0.19 8% 
AR HE AT Y 2.07 0.20 1% 
B4 78 Y 0.34 0.16 3% 
CINDEX X -4.03 0.34 1% 

EMPCHG Y 0.13 0.21 53% 
GROCE RY Z 0.05 0.43 91% 
HEALTH Z 0.32 0.32 32% 
HOTE L Z 0.00 0.51 99% 
HV INFO X 1.06 0.32 1% 

MISCCOM Z 0.33 0.32 30% 
oFFICE Z 0.40 0.26 13% 
OWN Y 1.34 0.26 1% 
PE RS 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% 

S CHOOL Z 0.19 0.37 60% 
SFADD Y 1.07 0.26 1% 
S HTLEAS E Y 0.31 0.31 31% 
SQFE ET Y 2.81E -07 4.20E-07 50% 

TE NACT Y 0.82 0.28 1% 
WAR E 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 

Quantum Consulting Inc. 3-75 "Methodology 



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. 

Exhibi t  3-37 
Es t imated  Purchase Probabili t ies 

Cus tomer Group 
With Without 

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 = lYAWARE + + lYHV_INFO + lYPGE_INFO +~'PREDISP + ~'SQFEET 

+ lYCINDEX + lYSAVINGS + X lYBLDTYPE + 
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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 d u m m y  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 I-IVAC 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 O, 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. 15 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 d u m m y  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 d u m m y  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. 
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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  Opt ion Chosen - Outs ide  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 S tandard S ignificance 
Name E s timate E rror L evel 

AWARE 1.29 0.59 3% 
CINDEX 0.86 0.50 8% 
GROCE RY 0.23 0.67 73% 
HEALTH 0.67 0.52 20% 

HOTE L -0.45 1.00 65% 
HV INFO 2.62 0.89 1% 
MIS COM -1.27 0.52 1% 
OF F ICE -0.68 0.36 6% 
P R E DIS P 2.04 0.49 1% 

PGE INFO 0.22 0.55 69% 

RETAIL -0.63 0.45 16% 
RESTR 0.61 0.64 34% 
S AVlNGS -5.99E -04 2.74E -04 3% 
S CHOOL 0.79 0.62 20% 
SQFE ET 4.59E -06 2.90E-06 11% 
WAR E -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), indicating 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: 

Pj = exp(p'Xj) / ,~'exp(~'X) 
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where ~'Xj 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 ~'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 ½ year period was assumed. That is, the12 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 w = pW*IMPACT 

Where pW= 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 IMPACTW°= X Pw°*IMPACT 

Where pWO= 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 w - EXPECTED IMPACT w° 

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 IMPACTp = EXPECTED IMPACTWp - EXPECTED IMPACTW°p 

For actions done outside the program, net impacts are calculated as: 

NET IMPACTp_sp = EXPECTED IMPACTWp_sp - EXPECTED IMPACTW°p_sP 

NET IMPACTNp s P = EXPECTED w _ IMPACT NP_sP EXPECTED IMPACTW°Np_s P 

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~,_sp+ NET IMPACTNp s~, ) / EXPECTED IMPACTWp 

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 
Participant Spillover 
Nonparticipant Spillover 
NTG 

79.42% 
19.88% 
58.94% 
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 

Program and Technology Group 
Retrofit Central A/C 
Express Adjustable Speed Drives 

Package Terminal A/C 
Set-Back Thermostat 
Reflective Window Film 
Water Chillers 
Other HVAC Technologies 

REO 

Discrete Choice Model 
NTG I-FR Spill 
1.58 0.79 0.79 

Serf Report Mills 
NTG 1-FR Spifl I -FR 
0.59 0.45 0.14 0.95 
0.73 0.59 0.14 1.03 
1.04 0.90 0.14 1.03 
0.70 0.56 0.14 1.03 
0.36 0.22 0.14 1.03 
0.90 0.76 0.14 0.91 
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 
Adjustable Speed Orives 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 

APO 

Retrofit Efficiency_ __Opti°ns Program Total 0.86 0.72 0.14 0.86 0.72 0.14 0.94 

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 Technolol~ies 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  Rat ios  

Program and Technolol~ Y Group 
R etrofit 
E xpres s 

S elf Report Model 
NTG 

Central AIC 0.59 
Adjustable Speed Drives 0.73 
Package Terminal AIC I .04 

S et-Back Thermostat 0.70 
Reflective Window Film 0.36 

Water Chillers 0.90 
Other HVAC Technologies 0.14 

Retrofit Express Prol~ram Total 
RE O Adjustable Speed Drives 

Water Chillers 

Cooling Towers 
High Efficient Gas Boilers 

Retrofit Efficiency Options Prol~ram Total 
APO Adjustable S peed Drives 

Water Chillers 

Customized E MS 
Convert To VAV 
Other Customized E quip 
Other HVAC Technologies 

Advanced Performance Options Program Total 
Totals Weighted by: 

Energy 
Demand 
Therm 

I-FR 
0.45 

0.59 
0.90 

0.56 
0.22 

0.76 

Spill 
0.1 

0.1 
0.1 
0.1 
0.1 

0.1 

0.1 

0.63 0.49 0.1 

0.73 0.59 0.1 
0.90 0.76 0.1 

0.90 0.76 0.1 

0.86 0.72 0.1 

4 

4 
4 

4 

4 

0.90 0.76 O. 14 
0.90 0.76 0.14 

0.90 0.76 0.14 
0.90 0.76 0.14 
0.90 0.76 0.14 
0.90 0.76 0.14 

0.90 0.76 0.14 

0.88 0.74 0.14 
0.77 0.63 0.14 
0.88 0.74 0.14 

Quantum Consulting Inc. 3-86 Methodology 



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. I EX POST GROSS I M P A C T  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 

'rogram and lechnofogy Group ~g ~ ,Y, ~ ~ m ~ ~ c~ 
~etrofit Central A/C 79,745 13,428 7,841 7,612 31 793 I 34,422 1,858 17,348 46,775 7,526 ' J . 
!xpress AdjuslableSpeedOrlves 384.010 8,-40 1 0  ! 178,701 158,031 

Pack____a~e Terminal A/C 2,765 861 28,257 
Set-Back Thermostat 31,457 16,304 50,861 6,661 i 7,804 40,673 6,290 
Reflecfive Window Film 131,560 3.969 2,675 i 87,054 17,387 15,606 3,847 
Water Chillers 17,278 
Other HVAC Technologies 47,754 
Re[refit Express Program Totat 629,536 29,732 11,810 59,334 47,754 49,170 121,477 30,115 17,387 219,459 264,404 13,817 

lEO Adjustable Speed Drives 306,617 
Water Chillers 45,363 61,872 89,065 60,560 

27,929 10,588 Cooling Towers 18,254 79,723 
High Efficienc~ Gas Boilers 

Relrofil Efficiency Options Pm~ram Tolal 351,980 ~ 0 89,801 107,318 0 79,723 0 71,148 
APO Water Chillers 1,132,270 469,979 1,158,705 2,255,108 

Cuslomized EMS 58,275 285,376 922,785 
Customized Controls 598,318 83,196 
Convert To VAV 402,303 27,081 
Other Customized Equip 1,044,029 i " 1,099,595 815,300 

iOIherHVAC Technologies 23 ,740 i 831,945 
Advanced Performance Options Proi~ram Total 3.466.934 27,081 1,384,971 553,175 815,300 2,131,490 3,087,053 

Total i 4,448,450 ~ 56,814 J 1,486,582 166,653 47,754 49,170 754,376 845,415 17,387 2,350,949J3,422,605 13,817 13z6591972 

Tolal 
746,348 
718,742 
39,923 
160,05 I 
261,899 
17,278 
47,754 

1,493,995 
306,617 
2.56,860 
136,494 

0 
699,971 

5,016,062 
1.316,436 
681,514 
429,384 

2.958,924 
1,063,685 

11,466,005 

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 

Program and Technology Group 
Retrofit Central NC 
Express Adjustable Speed Drives 

Package Terminal A/C 
Set-Back Thermostat 

58 16 9 11 IB 20 1 
69 
2 3 29 

Reflective Window Film 23 0.3 0.3 16 2 
Water Chillers 
Other HVAC Technologies 18 
Retrofit Express Profiram Tolal 151 16 18 21 36 30 2 9 12 

~EO Adjustable Speed Drives 76 
Water Chillers 36 80 96 
Cooling Towers 43 22 32 
High Efficiency Gas Boilers 

Retrofit Efficiency Options Program Total 112 0 123 117 32 0 0 
~PO Water Chillers 864 200 

Customized EMS 99 
Cuslomized Controls 73 
Convert To VAV 65 35 
Other Customized Equip 117 300 83 
Other HVAC Technologies 

Advanced Performance Options Program Total 1,217 35 300 0 200 83 

Total 1,481 I 51 ] 431 I 129 1B I 21 268 i ;13 I 

u ~ Total 
11 27 3 174 
36 15 119 

34 
0 

1 1 44 
14 14 

18 
48 56 3 403 

76 
48 260 
11 106 

0 
0 59 0 442 

99 542 1,705 
99 
73 
I00 
500 

216 216 
99 758 0 2,692 

I 147 e73 I ~ II 3,s38 

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 

Program and Technoloh, Y Group 
Relrofil Central A/C 
Express Adjustable Speed Drives 

Package Terminal A/C 
Set-Sack Thermostat 
Reflective Window Film 
Water Chillers 

, .> , 

~ u 

Other HVAC Technologies 
Retrofit Express Program Total 

REO adjustable Speed Drives .... 
Water Chillers 
=oolinl~ Towers 
High Efficienc}/Gas Boilers 

Retrofit Efficiency Options Program Total 
APO Water Chillers 

Customized EMS 
~ustomized Controls 
Convert To VAV 
Other Customized Equip 

0 

Other HVAC Technologies 
Advanced Performance Options Pros!am Total 

0 0 0 

26,768 
48,028 8,545 

77,029 183,758 

125,057 2,0,526 
125'0571 1210'5261 I 

0 8,545 0 

ToUl I 121°,s261 I 0 l 8.545 0 

u~ 

- ~ _~ 
u 

0 0 

2,507 
2,507 0 

89,512 

53,534 
0 143,046 

2,507 1143,0461 

Total 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2,507 
2,507 
69,512 
26,768 
56,573 

0 
260,767 
53,534 

467,174 

469,681 

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-GROSS 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 

Prosram and Technolosy Group 
Retrofit Central A/C 0.59 0.45 
Express Adjustable Speed Drives 0.73 0.59 

Package Terminal A/C 1.04 0.90 

Set-Back Thermostat 0.70 0.56 

Reflective Window Film 0.36 0.22 

Water Chillers 0.90 0.76 
Other HVAC Technologies 0.14 0.00 

Self Report Model 
NTG 1-FR Spill 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 
0.14 

Retrofit Express Program Total 0.63 0.49 

REO Adjustable Speed Drives 0.73 0.59 

Water Chillers 0.90 0.76 

Cooling Towers 0.90 0.76 
High Efficient Gas Boilers 0.90 0.76 

Retrofit Efficiency Options Program Total 0.86 0.72 

APO Water Chillers 0.90 0.76 

Customized EMS 0.90 0.76 

Customized Controls 0.90 0.76 
Convert To VAV 0.90 0.76 

Other Customized Equip 0.90 0.76 

Other HVAC Technologies 0.90 0.76 

Advanced Performance Options Program Total 0.90 0.76 

0.14 

0.14 

0.14 

0.14 
0.14 

0.14 

0.14 

0.14 

0.14 
0.14 

0.14 

0.14 

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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Exhibit 4-5 
Ex Post Net Energy Impacts 

By Business Type and Technology Group 
For Commercial HVAC Applications 

Program and Technotogy Group 
Retmfil Central A/C 
Express A dlustable Speed Or,yes 

Package lerminat A/C 
Set-Back Thermostat 
Refieclive Window Film 
Water Chillers 
Other HVAC Technologies 
Retrofit Express Pn:~ram Tolal 

REO Adjustable Speed Drives 
Water Chillers 
Coolinfi Towers 
High Efficiency Gas Boilers 

l 

Relrofit Efficiency Options Program Total 
APO Waler Chillers 

Customized EM5 
Cuslomized Controls 
Conven To VAV 
Other Cuslomtzed Equip 
OIher HVAC Technologies 

Advanced Performance Options Program Total 
Tolal 

~E 
o 

46,939 
281,563 

2,864 
22,024 
47,423 

400,812 
224,817 
40,918 

265,735 
1,O21,327 

52,565 
539,693 
362,884 
941,733 
209,034 

3,1271236 
3,793t784 

7,904 4,615 4,480 18,714 20,262 1,094 10,211 27,533 
131,027 114,404 

892 8,328 29,270 
11,415 35,609 4,664 5,464 28,476 

1.431 964 31,380 6,267 5,625 1,315 
15,585 

6.691 
19,319 6,0.46 40,981 6,691 32,670 51,642 30,363 6,267 152,328 187,313 

55,810 8~338 54,626 
25,193 1~465 71,912 9,550 

0 81,002 96,803 0 0 71,912 0 0 0 64,177 
423,929 ! 1,045,173 2,034,148 

257,414 877.469 
75,045 

24,428 
991,854 

24r428 It249,2681 o o 

I 43r747 11.336,3171 ,37,784 I 6,691 

735,415 
750,429 

0 498,974 735,415 0 119221642 21784t577 

Total 
4,430 146,182 

526,994 
41,353 

4,404 112,055 
94,406 
15,585 
6,691 

8,834 943,267 
224,817 
231,692 
123,120 

0 
0 579,629 

4,524,577 
1,187,448 
614,738 
387,312 

2,669,002 
959,463 

0 10t342,~40 

Exhibit 4-6 
Ex Post  Net Demand Impacts 

By Business Type and Technology Group 
For Commercial HVAC Applications 

Program and Technology Group 

Retrofil Central A/C 
Express Adjustable Speed Drives 

Pack,aBe TerminalA/C 
SehBack Thermoslat 
Reflective Window Film 
Water Chillers 

> 
'E 

- = ] 

34 10 5 7 
50 
2 1 

8 0 

Other HVAC Technologies 3 
Retrofit Express Program Total 95 10 5 7 3 

REO Adjustable Speed Drives 56 
Water Chillers 33 72 86 
Coolin~ Towers 38 19 
Hil~h Efficiency Gas Boilers 

Retrofi( Efficiency Options Program TotaT 8B 0 110 106 0 
APO Water Chillers 779 

Customized EMS 69 
Customized Comrols 66 
Convert To VAV 59 31 
Olher Cuslomized Equip 106 271 
Other HVAC Technologies 

Advanced Performance Opt;ons Program Total 1,098 31 271 0 0 

Tota l  II 1,281 I '~ I 306 I 113  I 3 

u 

10 12 1 6 
26 

3 30 

0 6 1 1 

13 18 30 1 33 

| m E r e =  

75 

0 180 75 0 89 
13 I 222 I t05 I 1 I 122 

u ~ Total 

16 2 102 
11 87 

35 
0 

0 16 
13 13 

3 
40 2 256 

56 
43 234 
10 96 

0 
53 0 386 
409 1,538 

89 
66 

- - ' 90 
451 

195 195 
684 0 2,429 

I 776 I 2 II 3 t071  

The net demand picture remained the same as gross. Net therm impacts, 
Exhibit 4-7, differ from the gross therm impacts by only 10 percent, overall. 

summarized in 
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Exhibit 4-7 
Ex Post Net Therm Impacts 

By Business Type and Technology Group 
For Commercial HVAC Applications 

Program and Technology Group 
F~etrofit Central A/C 
Express Adjustable Speed Drives 

Package Terminai A/C 
Set-Back Thermostat 
Reflective Window Film 
Water Chillers 
Other HVAC Technologies 

Retrofit Express Program Total 
REO Adjustable Speed Drives 

Water Chillers 
Coolin~ Towers 
High Efficiency Gas Boilers 

Retrofit Efficienc~ OpUons Pro, gram Total 
~PO Water Chillers 

Customized EMS 
Customized Controls 43,322 
Convert To VAV 
Other Customized Equip 69,482 
Other HVAC Technologies 

Advanced Performance Options Program To~I 112,804 
T-,.*  , ,  ~ DnA 

0 0 0 0 0 0 0 

i o m l g  R U I N  

_ _ .  ____.  

• i B R i M  I | m m m m m l  
i i l N [ N ] B B B ~  
i l l ; ~ l ; l ~ l ; a l i  B I l i l i ~ J [ 0 ) , i  i ~  

~ ~ ..~ 

0 . 0 0 0 

I gE:,~lIi 
BE I~:IFI~ 0 

80,741 

48,289 
0 0 129,030 

ToNI 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2,261 
2,261 
B~741 
24,145 
51,030 

0 
235.234 
48,289 
439,440 

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 

Program and Technology Group 
Retrofit Central A/C 

Express Adjustable Speed Drives 
PackaBe lerminal A/C 

SeI-Back Thermoslal 
Reflective Window Film 
Water Chillers 

REO 

Other HVAC Technologies 
Retrofit Express Program Total 
Adjustable Speed Drives 
Water Chillers 
Cooling Towers 
High Efficiency Gas Boilers 

Retrofit Efficiency Oplions Program Total 
APO Water Chillers 

Customized EMS 
Cus(omized Controls 
Convert To VAV 
Olher Customize.d Equip 
Other HVAC Technolo~lies 

Advanced Performance Options Program Total 
Tolal 

1.04 0.56 0.16 0.36 0.91 0.69 1.83 1,03 0.84 1.12 0.74 

2.12 2,37 2.96 2.33 

t.18 1.43 0.96 0.98 - 0.99 

0.55 1.00 0.59 0.54 0,64 0.83 1.54 0.67 

1.19 1,19 1.19 1.19 1.19 1.19 1.19 1.19 

0.76 0.76 
1.19 1.19 

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 

0.82 - - 0.82 

0.91 0.16 0.56 ,- - 0.29 0.32 

0.17 0.23 0.76 _ - 0.15 0.32 

0.83 0.16 0.45 0.76 0.25 0.44 

0.42 0.27 0.76 0.76 -... 0.56 

0.10 0.76 __  - 0.76 0.51 
I . t7 0.70 - 1.08 

0.76 0.80 - - 0.76 

0.76 0.76 O , 7 9  - 0 . 7 7  

1.00 I 0.76 0.80 

0,59 0.80 0.76 0.25 0,79 0.76 0.76 0.64 i 

0.66 1 0.77 1 o61 0.48 1 1.19 0.85 i 0.31 1 0.80 1.19 0.80 1 0.75 1 , 27  II 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: 
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Exhibit 4-9 
Gross Demand Impact Realization Rates 
By Business Type and Technology Group 

For Commercial HVAC Applications 

~rogram and Technology' Group 
;~etrofil Central A/C 

!xpress iAdjustabte Speed Drives 
Packafie Terminal A/C 
Sel-Back Thermostat 

> 

. . . . .  ~ ~ ~ ~ E o 

0.87 0.64 0.29 1.11 0.77 0.86 0.87 0.98 0.74 

1.03 1.81 0.50 0.90 

,Reflective Window Fihn 1.27 0.58 0.72 1.37 1.01 0.71 1.13 
Water Chillers 1.00 
other HVAC Technologies 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 
REO Adjuslable Speed Drives 14.38 

Water Chillers 1.33 0.78 1.45 0.71 

Coolin B Towers 1.39 1.27 1.00 1.08 
High Efficiency Gas Boilers 

Retrofit Efficiency, Options Prol~ram Total 3.46 0.92 1.41 1.00 0.76 

APO Water Chillers 1.23 1.04 1.00 1.00 
Customized EMS 1.59 
Customized Controls 24.40 
Convert To VAV 1.00 1.58 I ' 
Other Customized E.quip 1.00 1.00 1.10 
Other HVAC Technologies : 1.00 

Advanced Performance Options Pro.gram Total 1.28 1.58 1.00 ] 0.78 1.10 1.00 1.00 

Total 1.38 1.08 0.93 I 1.38 1.03 I 0.7, I 0.83 I 1.o4 1.Ol 1.31 0.98 

1.01 

1.01 

I 1.01 

Total 
0.76 

0.86 

1.23 

1.08 

1.03 

1.20 

14.38 
0.99 
1.19 

1.24 

1.11 
0.77 
24.40 
1.15 
1.02 
1.00 
1.09 
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 

Program and Technology Group 
Relrofit Central AJC 
Express Adjuslable Speed Drives 

Package Terminal A/C 
5el-Back Thermoslal 
Refleclive Window Film 
Waler Chillers 

ICooling Towers 

Olher HVAC Technolo~lies 
Relrofil Express Program Total 
Adjuslable Speed Drives 
Water Chillers 

APO 

I E° Total 

REO 

High Efficiency Gas Boiler's 1.00 1.00 
Retrofil Efficiency Options Program Tolal 1.00 1.00 

Water Chillers 1.00 1.00 
Customized EMS 1.00 0.25 
Customized Controls 0.91 0.87 0.90 
Converl TO VAV 
Olher Customized Equip 1.00 1.00 1.00 
Olher HVAC Technologies 1.00 1.00 

Advanced Performance Oplions Program Total 0.96 1.00 0.10 1.00 0.85 

To.,i 096 1 1.oo I I I o . I o i  I 1 I . o o i  1oo I II o.gs 

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. 

Quantum Consulting, Inc. 4-10 Evaluation Results 



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 

:'rogram and Technology Group 
~etmfit Central A/C 
[xpress Adjustable Speed Drives 

Packal~e Terminal A/C 
Set-Back Thermostat 
Reflective Window Film 
Water Chillers 

~EO 

Other HVAC Technolol~ies 
Retrofit Express Program Total 
Adjustable Speed Drives 
Water Chillers 
Coolin B Towers 
High Efficiency Gas Boilers 

Retrofit Efficiency Options Program Total 
~PO Water Chillers 

Customized EMS 
Customized Controls 
Convert To VAV 
Other Customized Equip 
Other HVAC Technologies 

Advanced Perfonnance Options Program Total 
Tolal 

._> 

- ) = 
o = 3 ~ O0 

0180 0.43 0.1 ~ 0.27 ONTO 

2.02 
1.59 1.92 1.29 
0.50 0.91 0.54 0.49 

0.56 0.56 0.56 

1.22 

0.80 
1.09 

0.84 

0.51 
0,13 
1.40 
0.91 
0.91 
1.21 
0.71 
0.75 

022 
0.62 0.15 0.49 0.22 0.73 

0.19 0.67 
0.20 0.27 

0.20 0.54 

0.91 

i 0.96 
i 0.92 

I 
0.96 0.92 I 

1077 0 7 3 1 0 , 5 2 1  

I 
0.53 1.40 

0.56 

1.31 

0.54 1.32 

0.91 

0.91 

0.33 

0.85 

0.96 

re 

tJ 

0.79 0.64 0.85 
2.26 2.82 

0.58 0.75 1.40 

0.56 0.56 0.56 
0.89 

0.56 1.68 1.32 1.06 

0.35 
0.18 

0.30 

0.91 0.91 

0,91 

0.91 
0.30 0.96 0.91 0.91 

0122 I o73 0.34 o .9 ,1  o56 1 0194 I OmS9 I 1 i06 

Tota I 
0.56 
2.22 
1.33 
0.61 
0.56 
0.89 
0,22 
1.02 
0.80 
0.38 
0.39 

0.48 

0.68 
0.62 
1.30 
0.91 
0.93 
0.96 
0.77 

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 

)rogram and Technology Group 
~etrofil Central A/C 
~xpress Adjustable Speed Drives 

Package Terminal AIC 
Set-Back Thermostat 
Reflective Window Film 
Waler Chillers 

~EO 

Other HVAC Technologies 
Retrofit Express Program Total 
Adjustable Speed Drives 
Water Chillers 
Cooling .Towers 
High Efficiency Gas Boilers 

Retrofit Efficiency Options Program Total 
~,PO Waler Chillers 

2ustomized EMS 
2ustomized Controls 
2onverl TO VAV 
Other Customized Equip 
Other HVAC Technolo~,ies 

Advanced Performanc,e Options Prol~ram Total 
Total 

• - ¢ ;  - -  

D c ~ 

0.66 0.49 0 . 2 2  0.85 0.59 0.66 0.66 0.75 0.57 0.77 

1.39 2.44 0.67 1.22 

0.59 0.27 0.34 0.64 0.47 0 . 3 3  0.53 
1.17 

0.19 
1.42 0.49 0 .22  0 .B9  0.19 0.60 0.65 1 .20  0.47 3.31 1.01 

14.05 
1.60 0.94 1.74 0.86 

1.67 1.53 1.20 1.30 

0.77 

3.63 I .I I 1.70 
1.47 
1.91 

29.35 
1.20 1.90 
1.20 1.20 1.33 

1.20 
1.54 1 . 9 0  1.20 0.93 1.33 1.20 1.20 

1.20 0.91 
1.25 1.20 1.20 

~ i R  I |  i R  l i i |,~ol R O l l l  i * l , l o l l o ~ l l  i | J , ' !  B o l t |  | E L |  i R  | |  RolJ 

Tola I 

0.58 

1.16 

0.58 
1.17 
0.19 
0.99 
14.05 
1.19 
1.43 

1.44 
1.33 
0.93 
29.35 
1.38 
1.22 
1.20 
1.31 

1.29 

Exhibit 4-13 
Net Therm Impact Realization Rates 

By Business Type and Technology Group 
For Commercial H, VAC Applications 

Program and Technology Group 
Retrofit Central A/C 
Express Adjustable Speed Drives 

Package Terminal A/C 
Set-Back Thermostat 
Reflective Window Film 
Water Chillers 

REO 

Other HVAC Technologies 
Retrofit Express Program Total 
,~djustable Speed Drives 
Water Chillers 

APO 

Cooling Towers 
High Efficiency Gas Boilers 

Retrofit Efficiency Options Pro~Iram Total 
Water Chillers 
Customized EMS 
Customized Controls 
Converl To VAV 
Other Customized Equip 
Olher HVAC Technologies 

Advanced Performance Options Program Total 
Total 

• ul 

1.20 
1.09 

1.20 1.20 

1.16 1.20 

i.i6 1 1 1.2oi 

1,05 

0.11 

I I Io.111 I I 

1.20 

1 . 2 0  

1.20 

1.20 
1.20 

1.2oi 1.2oi 

Total 

1.20 
1.20 
1.20 
0.30 
1.08 

1.20 
1.20 
1.02 

II 1.o2 
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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 
Relrofit 
Express 

Central A/C 336,445 230 0 0.67 0.10 259,015 177 0 
Adjustable Speed Drives 308,787 0 0 0.67 0.10 237,722 0 0 
Package Terminal AJC 40,312 40 0 0.67 O. 10 31,035 31 0 
Set-Back Thermostat 237,437 0 0 0.67 0.t0 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 11 0 
Other HVAC Technoloj~ies 40,255 17 0 0.67 0.10 30,991 13 0 

REO 

APO 

Retrofit Express Program Total 1,206,555 337 0 0.67 0.10 928,877 260 0 
Adjustable Speed Drives 372,699 5 0 0.65 0.10 279,473 4 0 
Water Chillers 805,343 263 O 0.65 0.10 603,897 197 0 
Cooling Towers 426,262 89 0 0.65 0.10 319,638 67 0 
High Efficiency Gas Boilers 0 0 2,507 0.65 0.10 0 0 1,880 

Retrofit Efficiency Options Program Total 1,604,304 357 2,507 0.65 O.t 0 1,203,008 268 1,880 
Water Chillers 8,914,534 1,538 B9,512 0.65 0.10 6,684,676 1,1,54 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 
Converl To VAV 564,749 87 0 0.65 0.10 423,485 65 0 
OIher 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 
Express 

Central A/C 248,348 174 0 0.45 0.14 146,182 102 0 
Adjustable Speed Drives 718,742 119 0 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 Thermoslat 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 0 
Water Chillers 17,278 14 0 0.76 0.14 15,585 13 0 
Other HVAC Technoloj~ies 47,754 18 0 0.00 0.14 6,691 3 0 

REO 

APO 

Retrofit Expn~ss Program Tolal 1,493,995 403 0 0.49 0.14 943,267 256 0 
Adjustable Speed Drives 306,617 76 0 0.59 0.14 224,817 56 0 
Water Chillers 256,860 260 0 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 
Water Chillers 5,016,062 1,705 89,512 0.76 0.14 4,524,577 1,538 B0,741 
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 l"echnolo~ies 1,063,685 216 53,534 0.76 0.14 959,463 195 48,289 

Advanced Performance Options Program Total 11,466,005 2,692 487,174 0.76 0.14 10,342,540 2,429 439,440 
Total 13,659,972 3,53B 489,681 0.73 0 . 1 4  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 lherm (1 -FR) Spillover kWh kW Therm 

REALIZATION RATES 
Retrofit 
Express 

REO 

APO 

Central AJC 0.74 0.76 
Adjustable Speed Drives 2.33 
Package Terminal AJC 0.99 0.86 
Set-Back Thermostat 0.67 
Reflective Window Film 1.19 1.23 
Water Chillers 0.76 1.00 
Other HVAC Technologies 1.19 1.03 

Retrofit Express Program Total 
Adjustable Speed Drives 
Water Chillers 
Cooling Towers 
High Efficienc}s Gas Boilers 

Retrofit Efficlenc~ Oplions Pro~raam Total 
Water Chillers 
Customized EMS 
Cuslomized Controls 
Converl To VAV 
Other Customized Equip 
Other HVAC T~hnolo~ies 

0.56 0.58 
2.22 
1.33 1.16 
0.61 
0.36 0.58 
0.89 1.17 
0.22 0.19 

1.24 1,20 1.02 0.99 
0.82 14.38 0,80 14.05 
0,32 0.99 0.38 1.19 
0,32 1.19 0.39 1.43 

1.00 1.20 
0.44 1.24 1.00 0.48 1.44 1.20 
0.56 1.11 1.00 
0.51 0.77 0.25 
1.0B 24.40 0.90 
0.76 1.1.5 
0.77 1.02 1.00 
0.80 1.00 1.00 

0.68 1.33 1.20 
0.62 0.93 0.30 
1.30 29.35 1.08 
0.91 1.38 
0.93 1.22 1.20 
0.96 1.20 1.20 

Advanced Performance Options Prosram Total 0.64 1.09 0.85 0.77 1.31 1.02 

Total 0.66 1.12 0.8.5 0.76 1.29 1.02 

*The NTG adjustment presented here is weighted by gross kWh. 
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Attachments 



Attachment 1 

Custom HVAC Analysis 



Customized Space Conditioning (Site 164) 

Program 
Measure 
Site Description 

I Advanced Performance Options Program 
Space Conditioning (Customized) 
Office 

Measure Description 

Summary of Ex Ante 
Impact Calculations 

Comments on PG&E 
Calculations 

Evaluation Process 

Additional Notes 

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. 

Impact Results 

KW KWh Therm 
MDSS 117 1,377,912.44 77,029 

117 1,377,912.44 77,029 Adjusted 
Engineering 
Engineering 

Realization Rate 
1.00 1.00 1.00 



Customized Space Conditioning (Site 166) 

Program 
Measure 
Site Description 

I Advanced Performance Options Program 
Space Conditioning (Customized) 
Community Service 

Measure Description 

Summary of Ex Ante 
Impact Calculations 

Comments on PG&E 
Calculations 

Evaluation Process 

Additional Notes 

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 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. 

Impact Results 

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) 

] Prosram 
Measure 
Site Description 

Advanced Performance Options Prosram 
Space Conditionin8 (Customized) 
Community Service 

Measure Description 

Summary of Ex Ante 
Impact Calculations 

Comments on PG&E 
Calculations 

Evaluation Process 

Additional Notes 

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. 

Impact Results 

KW KWh Therm 
MDSS 216 1,098,003.16 53,534 

216 1,098,003.16 53,534 Adjusted 
Engineering 
Engineering 

Realization Rate 
1.00 1.00 1.00 



Convert HVAC System to VAV (Site 257) 

Program 
Measure 
Site Description 

Advanced Performance Options Program 
Convert HVAC system from CV to VAV 
Personal Service 

Measure Description 

Summary of Ex Ante 
Impact Calculations 

Comments on PG&E 
Calculations 

Evaluation Process 

Additional Notes 

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. 

Impact Results 

KW KWh Therm 
MDSS 99 1,529,262.17 0 

Adjusted 99 1,529,262.17 0 
En6ineering 
Engineering 1.00 1.00 N / A  

Realization Rate 



Cooling Tower Replacement (Site 1278) 

I Program 
I Measure 

Site Description 

I Retrofit Efficiency Options Program 
Oversized Evaporative Cooling Tower 
Health Care/Hospital 

Measure Description 

Summary of Ex Ante 
Impact Calculations 

Comments on PG&E 
Calculations 

Evaluation Process 

Additional Notes 

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. 

Impact Results 

KW KWh 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 I 



Chiller Replacement & VFD Installation (Site 1314) 

Program 
Measure 

Site Description 

Retrofit Express Program 
High Efficiency Air-Cooled Chiller and 
Variable Speed Drives 
Community Service 

Measure Description 

Summary of Ex Ante 
Impact Calculations 

Comments on PG&E 
Calculations 

Evaluation Process 

Additional Notes 

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 
VFDs. 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: 

Impact Results 

KW KWh Therm 
MDSS 14.25 22,804.18 0 

Adjusted 14.25 22,804.18 0 
En6ineerin s 
Engineering 1.00 1.00 N / A  

Realization Rate 



Evaporative Cooling (Site 1327) 

Program 
Measure 
Site Description 

Advanced Performance Options Program 
Install Evaporative Cooler 
Retail 

Measure Description 

Summary of Ex Ante 
Impact Calculations 

Comments on PG&E 
Calculations 

Evaluation Process 

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. 

Additional Notes 



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 
MDSS 
QC 

Energy 
33,789 
35,742 

Demand 
22 
35 

Realization Rate 1.06 1.58 

Parameters 

Building Area 
ArealTon 

Total Capacity 
Total Capacity 

Sensible Capacity 
EER 

Efficiency 
Peak kW 

Total Electrical Cooling Input 
EFLCH 

MDSS Demand Impact 
MDSS Energy Impact 

Demand Realization Rate for Cooling Only 
Energy Realization Rate for Coolin 8 Only 

Baseline Air-' 
Cooled Unit! 

37400.00 
383.92 
1169.00 
97.42 

858.00 
8.20 
1.46 

142.56 
129702.00 

909.80 

New Evap. 
Unit 

37400.00 
322.88 
1390.00 
115.83 

1020.00 
12.90 
0.93 

107.75 
93960.00 

872.00 

Impact 

34.81 
35742.00 

22.00 
33789.19 

1.58 
1.06 

Units 

sq. ft. 
sq. ft./ton 

kBtuh 
Tons 
kBtuh 

kBtuh/kW 
kW/ton 

kW 
kWh 

Hours 
kW 

kWh 
kW 

kWh 

Source 

Application 
= Buildin 8 Area (sq. ft.) / (Total Capacity (kBtuh) / 12 Btuh/ton) 

DOE2 Input 
= Total Capacity/12 

DOE2 Input 
DOE2 Input 

=12 kBtuh/ton / EER (kBtuh/kW) 
= Total Capacity (kBtuh) * Efficiency (kW/ton) / 12 kBtuh/ton 
DOE2 Output 146242 and 108852 from application output 

= Total Electrical Coolin 8 Input / Peak kW 

= Peak kW Impact / MDSS Demand Impact 



Valve Replacement (Site 1407) 

I Program 
I Measure 

Site Description 

Advanced Performance Options Program 
Three-way Chilled Water Control Valves 
Office 

Measure Description 

Summary of Ex Ante 
Impact Calculations 

Comments on PG&E 
Calculations 

Evaluation Process 

Additional Notes 

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. 

Impact Results 

KW KWh Therm 
MDSS 3 39,345.21 11,399 

3 39,345.21 11,399 Adjusted 
Ensineering 
Engineering 

Realization Rate 
1.0 1.0 1.0 



Chiller Replacement (Site 1463) 

Prosram 
Measure 
Site Description 

I Advanced Performance Options Prosram 
High Efficiency Water-Cooled Chiller 
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. 



Additional Notes 

• 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. 

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 

Impact 
Energy Demand 

MDSS 571,333 131 
QC 36,857 123 

Realization Rate 0.06 0.94 

Savings 
Energy Demand 

36,993 144.28 

Post-Retrofit Chiller 
Nom. Eft" 0.486 

Nom. Tons 603 

nom kw 293.058 

Outdoor DB 
Temperature (F) 

Operating 
Hours per 
year (TMY) 

Tons Output 

92 0.71 603 

87 19.52 503 

82 39.52 402 

77 113.57 302 

72 " 252.38 201 

67 410.48 101 
Totals 836.19 

Efficiency 
(kW[Ton) 

0.38 

0.37 

0.37 

0.38 

0.42 

0.58 

0.00 

Annual 
Enemy Use Peak Demand 
(kWh~ear), (kW) 

(TMY) 
163.27 228.57 

3,644.43 186.67 
5,884.44 148.88 
13,068.61 115.07 
21,470.83 85.07 
24,114.01 58.75 
68,345.60 228.57 

Operating 
Hours per year 

(Actual) 

4.33 
35.67 
71.33 
105.00 
162.00 
348.00 
726.33 

Annual Energy 
Use 

(kWh~year), 
(Actual) 
990.48 

6,657.76 

10,620.35 

12,082.30 

13,781.84 

20,443.76 

64,576.49 

Title 24 Baseline Chiller 
Nom. Eff 0.748 

Nom. Tons 603 
nom kw 451.095 

Outdoor DB Operating 
Temperatum (F) Hours per Tons Output 

year(TMY) 

92 0.71 603 

87 19.52 503 

82 39.52 402 

77 113.57 302 

72 252.38 201 

67 410.48 101 

Totals 836.19 

Efficiency 
(kW/Ton) 

0.58 
0.57 
0.57 
0.59 
0.65 
0.90 

Annual Energy 
Use (kWh/year) 

251.31 
5,609.77 
9,057.74 

20,116.12 
33,049.40 
37,117.97 

Peak Demand 
(kW) 

351.84 
287.33 

229.17 
177.12 
130.95 
90.43 

Pre-Retrofit Chiller 
Nora. Eft 0.813 

Nora. Tons 588 
nora kw 478.044 

Outdoor DB Operating 
Hours per 

Temperature (F) year (Actual) 

92 4.33 

87 35.67 

82 71.33 

77 105.00 

72 162.00 

67 348.00 

Totals 726.33 

Tons Output Efficiency 
(kW/Ton) 

588 0.63 
490 0.62 
392 0.62 

294 0.64 

196 0.71 

98 0.98 
0.00 

Annual 
Peak Demand 

Energy Use (kW) 
(kWh~year) 

1,615.70 372.85 
10,860.31 304.49 
17,324.19 242.86 
19,708.97 187.70 
22,481.31 138.77 
33,348.40 95.83 

105,338.89 372.85 0.00 105,202.31 351.84 



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 kWlton Application 

Post-Retrofit Nominal Chiller Capacity 620 Tons Application 
Post-Retrofit Nominal Chiller Efficiency 0.486 kW/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 kWlton 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 
F Chiller Max Load OSA Temperature 90 

Chilled Water Supply Temperature Setpoint 48 
7O Condenser Water Temperature 

Contacl provided estimate 
F Contact provided setpoints; Chiller is on Manual Operation 
F Contact provided setpoints; Chiller is on Manual Operation 

Date of Chiller Installation 6•30•98 Contact provided estimate 
Date at Run Hour Reading 7123199 Chiller Log 

Number of Days Chiller Operated 267 days (M-F Only) = ((Read Date - Install Date) * 517) - I 0 Holidays 
Run Hours for New Chiller 745 hours 

Average Hours per Year of Chiller Operation 727.07 

Predicted Run Hours Since Install Using Actual Weather & Setpoints 837.00 

Documented from Chiller Log 
Hours/Year (M-F Only) = (Run Hours for New Chiller / Number of Days Chiller Operated) * 365 Days/Year * 5/7 

hours Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details 
730.33 Predicted Hours per Year Using Actual Weather Data & Setpoints Hours/Year (M-F Only) Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details 



Site 1463: Post-Retrofit Chiller 
Centrifugal Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

Nom. Eft 
Nom. Tons 
nom kw 

a b c d e f 
! - 0 . 2 9 8 6 1 9 7 6 i 0 . 0 2 9 9 6 0 7 6  -0.00080125 0.01736268 -0.00032606! 0.00063139- 
[ 0.17149273[ 0.58820208 0.237372571 "I .! "Z 
i .......... E ~ i ~ i ~ g  ! -~0 6 0 4 0 6 5 ~ 5  ................ 6 6 6 0 6 2 6 2 e [  ........ ~ ~&~§~~S;~t ......... ~b6o682~oi ............. : 6 ~ i g g ~  
L . . . . . . . . . .  2 L  • • L _ - '  . . . . . . . . .  2 • , ' 

0.486 
603 

293.058 

Outdoor 
DB 

Temperatu 
re 

Current Data 

Condenser 
Tons Output Temp Supply temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment 
Capacity Ratio to EIR to EIR 

Efficiency 

EIR COP kW.Flon 

92 603 73 48 625 1.000 1.00 0.78 0.1078 9.28 0.379 
87 503 72 48 624 0.833 0.83 0.77 0.1057 9.46 0.371 
82 402 71 48 624 0.667 0.67 0.76 0.1053 9.49 0.370 
77 302 70 48 623 0.500 0.52 0.75 0.1085 9.21 0.382 
72 201 69 48 621 0.333 0.39 0.74 0.1204 8.31 0.423 
67 101 68 48 619 0.167 0.28 0.73 0.1663 6.01 0.585 

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) 

! r "  I I . . . . .  , I l i t  , , -  
CAPFT [ -0.29861976[ 0.02996076 -0.0008012£ 0.0173626~ i -0.00032606 i ' 0.00063139 
i~i~.i::f .................................................................... i ............ E ~ T ~ ~ [ - - : 6 / 6 ~ - ; ~ i ~ 3 ~ , :  ............. E ~ ~ ~ b - . ~  .......... E o - o ~ 8 ~ ~  ............. Ei~6i~i58~-90! ............ : o . i ~ ~ - . ~ ~  

EIRFPLR 1 0.17149273 038820208 0.237372S~ .I 
! , ! 

CAP-IT = A + (8 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 + (8 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 + (8 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: Baseline Chiller 

Centrifugal Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 

Temp Efficiency (Tout, Tin) 

Nom. Eft 

Nom. Tons 
nom kw 

a b c d e f 
[ -0.2986~976[ 0.029%076 -6.0008012s ! 0.0~738268 I "°.°°°326°6i 
[ 0 , 17149273 [  0.58820208 i 

0.00063139 

o,237 72 ,[ I 
.............. ~ib~i~-6~d~-!l ................ i~26i5g~~-~ i .............. ~ . ~ o i ~ ~  i ........... L~.b~igg4~b 

0.748 

603 
451.095319 

Outdoor 
DB 

Temperatu 
re  

Current Data Calculated Values 

Condenser 
Tons Output Supply temp 

Temp 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment 
Capacity Ratio to EIR to EIR 

Efficiency 

EIR COP kW/lon 

92 603 73 48 625 1.000 1.00 0.78 0.1660 6.03 0.583 

87 503 72 48 624 0.833 0.83 0.77 0.1626 6.15 0.572 

82 402 71 48 624 0.667 0.67 0.76 0.1621 6.17 0.570 

77 302 70 48 623 0.500 0.52 0.75 0.1671 5.98 0.587 

72 201 69 48 621 0.333 0.39 0.74 0.1853 5.40 0.651 

67 101 68 48 619 0.167 0.28 0.73 0.2559 3.91 0.900 

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) 

• ~ L . ~ , r ~  ,] ,. ° ' , . . . . . . . .  ~ ,  I , I ,. 
O ,  PFT J .0.2986197~ 0.02996076 -0 00080,251 0017~6~81 -0.000~26061 0.0006~1~ 

............................................................................................. t . . . . . . . . .  . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . .  

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: Pre-Retrofit Chiller 

Centrifugal Chiller (Water-Source) 

Capacity Correction (Tout, Tin) 

Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

Nom. Eft 
Nom. Tons 

nom kw 

a b c d e f 
-0.29861976 i 0.02996076 -0.00080125 0.01736268 

........ ~.....O'..!.7.!~1927.][ .......... 0:.5..8_8.2..0.208[ _..0.23.737257 . . . . . .  -0.00032606 T 0.00063139 
-i 

0,51777196! -0 00400363F ........ 0O0602028 .............. 6 b069879 .............. 6~000'682"90] ......... :6~666'i"5467 
• L _ _ ,  " ....... ._'_ . . . . . . . . . . . .  ~ _ , 

0.813 

588 

478.044 

Outdoor 
DB 

Temperatu 

re 

Current Data Calculated Values 

Part Load Ambient 
Condenser Current Part Load 

Tons Output Supply temp Adjustment Adjustment 
Temp Capacity Ratio 

to EIR to EIR 

Efficiency 

EIR COP kW/Ton 

92 588 73 48 609 1.000 1.00 0.78 0.1804 5.54 0.634 

87 490 72 48 609 0.833 0.83 0.77 0.1767 5.66 0.621 

82 392 71 48 608 0.667 0.67 0.76 0.1762 5.68 0.620 
77 294 70 48 607 0.500 0.52 0.75 0.1816 5.51 0.638 

72 196 69 48 606 0.333 0.39 0.74 0.2014 4.97 0.708 

67 98 68 48 604 0.167 0.28 0.73 0.2781 3.60 0.978 

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) 

I ~ J ~  l U l ~ e i l l ~ l  . ~ l ~ l ~ I n l n l ~ l  
C^PFT i -0.29861978 ....... o_:~_~_~.~.~.~l .............. ~.0.:~0~.~.!.~.~ .......... ~:~!.~!62,81 -0.00032~0~] 0 .0~3t39 i  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E I R F T  ) 0.51777190 -0.00400363 0.000i~02i~ 'i~.0i~698~'931 " 0:G~6i~i3-296i ............ :~-~i~'6~"~? I 
I ~,~FP~ F 0.~,~92~3 0.~08~0~08 0.23737~7 - -i :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: ASH RAE/IES Standard 90.1-1989 User's Manual - November 1992. 



Site 1463: Weather Data 
TMY temperature data for cl imate zone 3 

ITemp )1o:oo11:oot2:ool3:ool4:ool9:ool6:ool7:ool8:ool9:oo{1o:oo111:oo112:o(] 13:ool14:oo115:oo116:oo117:oo118:ool,9:ooi2o:oo121:ool~2:o(]123:ooJlOnHoo,s 
32 0 0 I 4 1 C 1 0 0 0 0 0 (3 0 0 0 0 0 0 0 0 0 C 0 
37 6 9 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 I 0 (3 1 1 1 1 2' 5 6 7 16 21 26 ! 
47 72 77 79 84 71 66 70 65 43 31 12 6 66 3 2 2 2 6' 21 32 44 43 48 541 

52 120 125 125 116 127 122 104 85 791 68 60 43 26 20 17 21 36 53: 68 78 93 107 124 127 I 

57 116 105 100 90 95 106 112 120 1041 89 83 79 68 70 80 79 95 1081 115 129 129 137 127 12~ i 
62 21 17 12 11 9 11 19 58 98 102 91 77 77 83 79 84 91 111 i 109 99 83 55 35 2~ 

67 2 0 I 1 1 1 3 5; 20 56 74 77 72 70 84 78 83 ; 6(] 38 19 9 4 5 
72 0 1 0 0 0 0 0 2 7 9 32 51 64 61 58 57 37 19 
77 0 0 0 0 0 0 0 O 1 5 10 21 31 30 28 28 15 6 
82 0 0 0 0 0 0 0 0 6 0 2 8 13 11 11 9 4 (] 
87 0 0 0~ 0 0 0 0 0 0 0 0 1 8 7 5 6 1 C 
92 0 O 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 C 

97 0 01 0 0 0 0 0 0 O 0 0 0 0 0 0 0 0 0 
i 

OnH°ursll I I I I I I 31 71 281 7O I 1181 1S81 1881_,1881 18"g 178~46.671 I 
Note: Total "On Hours" value has been scaled by 5/7 to account for M-F operation only 

574.67 
9 2 0 0 0 353.33 
0 0 0 0 0 159.0(] 
0 0 0 0 0 55.33 
0 0 0 0 0 27.33 
0 0 0 0 0 1 
0 0 0 0 0 C 

I I I I I 836.19 

Actual temperature data for cl imate zone 3 for 7124/98 to 7123/99, M-F only 

Temp 0:00l ':0012:00p:0oI4:001sr:0016:0017:0018:0019:OOl ••:•••1':oo•12:•••13:•••14:•••1s:••••6:••••7:••••8:••••9:•••2•:•••2•:•••22:•••23:•c On HOUr 

32 1 1 2 2 4 4 4 4 .  !. . 1 3 
37 7 9 8 9 10 9 13 10 5 , ~ 1 2 31 3 4 3 i 
42 21 24 29 32 33 33 28 17 8 9 5 1 1 1 3 4 6 81 12 16 15 

I 

47 46 46 46 43 45 44 40 42 38 25 17 14 1 0  11 8 7 9 15 19 28 371 37 39 44 
52, 771 77 74 77 77 74 61 56 i 55 50 43 37 26 24 25 31 41 53 67 72 751 81 79 78 
5~ 6E 66 71 69 66 70 75 7C 64 63 63 56 37 59 63 62 69 74 81 80 78 74 71 64 
61 38 34 27 25 22 23 29 39 52 58 55 63 67 58' 60 69 59 58 52 45 44 40 43 4,4 

63 3 3 3 4 4 4 7 1.5 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 i 
72 . 2 4 7 15 17 14 13~ 16 13 12 I1 3 2 1 , 105 
82 . i. 2 4 6 S 10 131 14 14 10 2 2 . 71.33 

82 . 2 6 7 8 i 7 S 2 2 35.67 
I 

92 . 1 1 J 1 1 I 4.33 
92 . 1 11 1 1 4 

i 

I O n H ° u r s l l  I I I 111 231 391 861 781 901 1001 1091 ] 05  92127.33 ] ] I M 730.33 

Actual temperature data for cl imate zone 3 (or 6/30/98 1o 7123.,99, M-F only 

remp I0:0b11:0012:0013:0e14:0018:0010:0017:0018:0019:oo110:oo I l:00 12:oo113:oo114:00118:00116:00117:0011e:00119:oo120:oo121:oo122:oo123:0(] OnHou,s 
32 1 1 2 2 4 4 4 4 :. ~ I 3 

37 7 9 8 9 10 9 13 10 S I. 1 2 3 3 4 3 

42 21 24 29 32 33 33 2 8  17 8 9 5 1 1 . I 3 4 6 8 12 16 19 
47 46 46 46 43 45 44 40l 42 38 25 17 14 10 11 8 7 9 15 19 28 37 37 39 44 
52 77 77 74 77 77 74 61 56 55 50 43 37 26 24 29 31 41 53 67 72 75 81 79 78 
57 79 82 87 85 81 85 88 81 71 67 65 57 57 59 63 62 69 75 85 86 89 86 83 77 
62 42 36 29 27 25 26 32 43 59 64 61 67 70 60 62 72 63 66 61 55 50 43 48 48 

67 4 3 3 4 4 4 8 16 23 33 46 5(3 52 57 57 $1 4 7  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 . ,I. 2 6 9 16 17 16 15 19 15 14 12 4 2 11 119.67 

82 i I 2 s 8 6 12 15 15 15 i 0  3 2 . 81.33 
87 . j. ,.1' 2 8 7 8 7 5 3 2 . 38.00 

92 • :. 2 2 2 2 I . 8.33 
97 , 1 1 1 1 . 4.00 

I O n H  . . . .  I I I 1131 261 431 641 981 1031 115J 1251 1211 1071 321 I I I I I I II 837.00 



Chiller and Cooling Tower Replacement (Site 1841) 

Program 
Measure 

Site Description 

Advanced Performance Options Program 
High Efficiency Water-Cooled Chiller and 
Oversized Cooling Tower 
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 
baseline and rebated chillers, which assumed initial loading at 65 
degrees and 100% loading at 95 Degrees F. 



Additional Notes 

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. 

Impact Results 

KW KWh Therm 
MDSS 98 268,829.25 0 

75.10 48,041.05 0 Adjusted 
Engineering 
Engineering 

Realization Rate 
0.77 0.18 N / A  



Sile 1841 : Results for Chiller and Cooling Tower Retrofit 

Impact Savings 
Enemy Demand Energy Demand 

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 I 
Nom. E f t .  0.837142857 I 
Nom. Tons 260 
nomkw 217,66 

Outdoor DB Operating Efficiency Annual Energy Peak Demand 
Temperature (F) Hours per Tons Output (kW/Ton) Use (kWh/year) (kW) 

year (TMY) 
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 3583.17 127.97 
82 58.00 149 0.72 6233.84 107.48 
77 175.00 111 0.81 15814.02 90.37 
72 406.50 74 1.03 31149.15 76.63 
67 740.25 37 1.78 49053.02 66.27 

Totals 1408.75 105985.04 179.08 

Nora. EffP°st'Retr°fit Chiller 0.496 

INom. Tons 260 I 
[nom kw 128.96j 

Outdoor DB 
Temperature fF) 

Operating 
Efficiency 

Hours per year Tons Output (kW/Ton) 
(TM Y) 

Annual Energy Peak Demand 
Use (kWh/year) (kW) 

Operating Actual Annual 
Hours per Year Energy Use 

(Actual) (kWh/year) 

4.00 415.93 
5.00 440.73 

34.00 2485.08 
78.00 4793.04 
126.50 6445.83 
203.25 8817.09 
420.75 15641.25 

97 0.00 260 0.40 0.00 103.98 
92 1.00 223 0.40 88.15 88.15 
87 28.00 186 0.39 2046.54 73.09 
82 58.00 149 0.41 3564.06 61.45 
77 175.00 I l l  0.46 8917.15 50.96 
72 406.50 74 0.58 17634.18 43.38 
67 740.25 37 1.00 27518.56 37.17 

Totals 1408.75 59768.63 103.98 867.5 39038.95 

Nora. EffPre'Retr°fit Chiller 0.85 

Nora. Tons 390 
nom kw 331.5 

Outdoor DB Operating Efficiency Aclual Annual Peak Demand 
Temperature (F) Hou~ per year Tons Output (kW[lon) Energy Use (kW) 

(Actual) (kWh/year) 
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 
72 203.25 111 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 

Impact 
Energy I Demand 

MDSS 268,829.25' 98.00 
QC . 46,216.41: 75.10 
Realization Rate 0.17 0.77 

Savings 
Energy Demand 

66877.03 171.48 

Title 24 Ba~line Chiller I 
Nom. Eff 0.837142857 I 
Nom. Tons 260 
nom kw 217.66 

Outdoor D8 Operating 
Temperature (F) Hours per Tons Output Efficiency Annual Energy Peak Demand 

year CI'MY) (kW/Ton) Use (kWh/year) (kW) 

97 0.00 260 0.71 0.00 184.28 
92 1.00 223 0.70 156.29 156.29 
87 28.00 186 0.71 3687.17 131.68 
82 58.00 149 0.74 6406.18 110.45 
77 175.00 111 0.83 16204.02 92.59 
72 406.50 74 1.05 31753.09 78.11 
67 740.25 37 1.80 49602.92 67.01 

Totals 1408.75 107809.68 184.28 

Nom. EffP°st'Retr°fitChiller 0.496 

Nom. Tons 260 
nom kw 128.96 

Outdoor DB Operating Temperature (F) Hours per year Tons Output Efficiency Annual Energy Peak Demand OperatingHours per ActualEnergyAnnualuse 
(TMY) (kW/Ton) Use. (kWh/year) (kW) Year (Actual) (kWh/year) 

97 0.00 260 0.42 0.00 109.18 
92 1.00 223 0.42 92.60 92.60 
87 28.00 186 0.41 2150.54 76.80 
82 58.00 149 0.43 3736.40 64.42 
77 175.00 111 0.48 9307.15 53.18 
72 406.50 74 0.60 18238.12 44.87 
67 740.25 37 1 . 0 2  28068.46 37.92 

4.00 436.73 
5.00 463.01 
34.00 2611.37 
78.00 5024.82 
126.50 6727.74 
203.25 9119.06 
420.75 15953.80 

Totals 1408,75 61593.27 109.18 867,5  40336.53 

Nora. Eff Pre-Retrofit Chiller 0.85 

Nom. Tons 390 
nom kw 331.5 

Outdoor DB Operating Efficiency Actual Annual Peak Demand 
Temperature (F) Hours per year Tons Outpul (kW~on) Energy Use (kW) 

(Actual) (kWh/year) 
97 4.00 390 0.72 1122.65 280.66 
92 5.00 334 0.71 1190.20 238.04 
87 34.00 279 0.72 6819.05 200.56 
82 78.00 223 0.75 13121.29 168.22 
77 126.50 167 0.84 17839.63 141.02 
72 203.25 111 1 . 0 7  24180.58 118.97 
67 420.75 56 1 . 8 3  42940.15 102.06 

Totals 867.5 107213.57 280.66 



Site 1841: Inputs to Model 

Parameter 

Building Location 
Climate Zone 

Pre-Retrofit Nominal Chiller Capacity 
Pre-Retrofit Nominal Chiller Efficiency 

Value Units Source 
San Francisco 

3 

390 Tons From Application 
0.85 kW/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 Performance 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 7119/99 

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 Chiller 

Screw Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

Nom. Eft 

Nom. Tons 
nora kw 

a b c d e f 
0.58531422 0.01539S93 I 0100007296 ] -0.00212462 --0.0007 -0.00004597 

............ 0 .'3"3-()'i'88"3"3 ............ -(]':2"35"5~'2' 9~ ............ 0':4"607082"![ ................................... : ................................... ~': ............................... : 

0.496 

260 
128.96 

Outdoor 
DB 

Temperatu 
re 

Current Data 

Condenser 
Tons Output Supply temp 

Tennp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Capacity Ratio Adjustment Adjustment 
to EIR to EIR 

Efficiency 

EIR ° COP kW/Ton 

97 260 75 45 279 1.000 [ 1.026 0.825 0.1194 8.37 0.420 
92 223 75 45 279 0.857 0.87 0.82 0.1182 8.46 0.416 
87 186 74 45 280 0.714 0.73 0.81 0.1176 8.50 0.414 
82 149 74 45 280 0.571 0.62 0.81 0.1233 8.11 0.434 

77 111 73 45 281 0.429 0.52 0.80 0.1357 7.37 0.477 

72 74 73 45 281 0.286 0.44 0.80 0.1718 5.82 0.604 
67 37 72 45 283 0.143 0.37 0.79 0.2903 3.44 1.021 

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.S8531422 0.01539593 0.00007296 -0.00212462 -0.00000715 -0.00004597 

EIRFT 0.6662~ 0.00069 0.00028 -0100342 0100025( -0100048 
i 

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 
Capacity Correction (Tout. Tin) ....... 0.58..S.3!.42_2 . 
Part Load Efficiency (PLR) 0.33018833 
Temp Efficiency (Tout, Tin) 0.66625403 

Nom. Elf 0.837 
Nom. Tons 260 
nom kw 217.66 

b c d e f 
o.o,s39sg~ l 0.00007296 1 -0 .002 ,2~-  I' -ooooo07,s = .o.oooo~s~71 

. . . . . . . . . .  . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :j 

Outdoor 
DB 

Temperatu 
re 

Current Data 

Condenser 
Tons Output Supply temp 

Temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment 
Capacity Ratio to EIR to EIR 

Efficiency 

EIR ° COP kW/Ton 

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 = 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) 

i ~ ~0~. J ' : : ' = ~  " . . . . .  I ~ : ~ l  I /P " " j 

l EIRF'T[CAPFT I]'~IS85~-O'~O1539593 f 01'O000~2~ ' LO'~O212462 ] ~  O . ~ S  ~ -O.0034~ /0100000715 IO100025T "O'0000459.O.~ .] 

iEIRFPLR [ 0.33019[ ~ 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: Pre-Retrofit Chiller 
Screw Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 

Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

Nora. Eft 
Nom. Tons 
nora kw 

b c d e f 
0.58531422 0.01539593 0.00007296 -0.00212462 -0.00000715 ] -0.00004597 " 

.............. 6 ~ 3 ~ i 8 8 , ~ 3 '  ........ 0 . ~ ~ . ~ i [  .............. 6 1 ~ i ~ ~ 2 i 2  ....................................... : ............................................ :i ....................................... 

0.85 
390 

331.5 

Outdoor 
DB 

Temperatu 
re 

97 

92 
87 
82 
77 
72 
67 

Current Data Calculated Values 

Part Load Ambient 
Condenser Current Part Load 

Adjustment Adjustment 
Tons Output Temp Supply temp Capacity Ratio to EIR to EIR 

Efficiency 

EIR* COP kW/Ton 

390 75 45 418 1.000 1.026 0.825 0.2047 4.89 0.720 

334 75 45 418 0.857 0.87 0.82 0.2025 4.94 0.712 

279 75 45 418 0.714 0.73 0.82 0.2048 4.88 0.720 
223 75 45 418 0.571 0.62 0.82 0.2147 4.66 0.755 
167 75 45 418 0.429 0.52 0.82 0.2400 4.17 0.844 
11 l 75 45 418 0.286 0.44 0.82 0.3037 3.29 1.068 
56 75 45 418 0.143 0.37 0.82 0.5210 1.92 1.832 

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) 
" lu rv  

i CAPFT 0.58531422 0.01539593 0.00007296 -0.00212462 

I EIRFT 0.6662~ 0.00069 0.00028 -0.00342 .0.000251-0.00048 I 
IEIRFPLR 0.3301S: 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: Weather Data 
TMY temperature data 

ITemp 110:0011:0012:0013:0014:0015:0016:00I 7:001B:oo 19:00110:00111:00112:00113:00114:001 ] S:r001 16:00117:00118:00119:00120:00121:00122:00123:00110o H . . . .  

32 10 0 I 4 1 0 1 0 i 0 0 0 0 0 10 0 O: 0 0 0 0 0 0 0 0 

32 6 9 13 13 16 15 18 21 1 0 0 0 0 O 0 01 0 0 0 0 0 3 5 6 
42 28 31 34 46 45 44 38 28J 12 S 1 0 0 1 1 1 i 1 2 S 6 7 16 21 26 
47 72 77 79 84 71 66 70 65 43 31 12 8 6 3 2 2 i 2 6 21 32 44 43 48 54 
52 120 125 125 116 127 122 104 85 79 68 60 43 26 210 17 21 : 36 53 68 78 93 107 124 127 
57 116 105 100 90 95 106 112 1210 104 89 83 79 68 710 80 79'  95 108 115 129 129 137 127 125 
62 21 17 12 111 I1 19 58 98 102 91 77 77 83 79 84 91 I l l  109 99 83 55 35 25 

67 2 0 1 I, I 3 S 20 56 74 ! 77 72 78 84 78 83 60 38 19 9 4 5 2 740.2. ~ 
72 01 1 0 C 0 0 2 7 9 32 51 64 61 58 57 37 19 9 2 0 0 0 0 406,. ~ 
77 0 il 0 0 (] 0 0 0 1 S 10 21 31 30 28 28 15 6 0 (] 0 0 0 0 17~ 
62 0 '  0 0 10 0 0' 0 0 0 2 8 13 11 11 9 4 0 0 10 0 0 0 0 SE 

87 0 0 0 0 0 0 0' 0 0 0 0 1 8 7 5 6 1 0 0 10 0 0 0 0 2E 
92 01 0 0 10 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 10 0 01 0 0 1 
97 0 i  0 0 10 0 0 0' 0 0 0 0 0' 0 0 0 0 0 0 0 0 0 0: 0 0 I C 

IOoH ... .  I I I I I 11.7si 281 70 118 198 188 1881 '861 1781 '4°1 8sI 471 211 [ I II 14418.7S 

Actual temperature by hour from 07/220/98 to 07119/99 

I:remp Ilo:ool 1=0012=0013:0014:001s:00 1 6:0017:oo I e:001"9:00 110:001 t1:00112:00113:00 114=001 lS:00 1 ,6:00 117:001 t8:00 119:00 120:00121:00122:00123:00 o.  HOURS 

J2 o o , , z 2 2 2 o o o o o o o o o o o o o o 1 3 

37 6 8 7 8 l 0  9 13 10 3 0 0 0 0 0 0 0 0 0: 1 2 3 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 45 45 49 43 44 43 40 42 38 24 16 12 9 10 7 6 8 131 18 28 37 37 391 44 
52 77 77 74 75 76 73 59' 54 54 50 43 37 25 23 24 30 39 52 66 71 74 80 78 i 77 

57 63 64 69 68 65 69 751 70 61 62 62 55 56 58 62 6! 68 73 80 78 76 72 701 63 
62 40 39 28 26 23 24 29 39 54 551 54 62 67 57 59 68 57 57 52 46 45 41 431 43 

67 3 3 3 3 3 3 7 15 22 3(] 41 42 42 47 47 42 41 25 20 18 11 11 61 S 420,75 
72 1 0 0: 0 0 0 3 S 11 17 14 20 24 26 19 16 18 19 11 7 3 2 1 i 1' 203,25 
77 0 0 01 0 0 0 10 2 4 7 15 17 14 13 16 13 12 10 3 2 1 0 10 0' 126.5 
82 0 0 01 0 0 0 10 0 1 3 S 5 10 13 14' , 14 9 2 2 0 0 0 10 0 78 
87 0 0 0' 0 0 0 10 0 0 (] 2 5 6 7 6 4 2 2 0 0 0 0 10 0' 3,4 
92 0 0  0 0 0  0 1 0  0 O 0  0 0 1 , , , , 10 0 0 0 0 10 0 5 

I 

97 0 0 0 0 I, 0 0 10 0 0 0 i 0 0 1 1 1 1 0 10 0 0 0 0 C 0' 4 

IOnH°ursl( I I I I I I I s.sl 381 S71 771 891 981 1081 104[ 911 831''rs81 361 271 I I . J ,  . ! r  87'.S(] 

Actual temperature by hour from 05115/97 to 07119./'99 

iTemp g0:0011:0012:0013:0014:001S:0016:0617:0018:0019:001,0:00 11:00112:00113:00114:0011S:001 16:00117:00118:00119:0012d:00 21:00122:010123:00; On Hours 
32 0 0 1 1 2 2 2 2 0 10 0 0 0 0 0 0 0 10 0 0 0 0 1 31 
37 6 9 9 10 13 12 16 13 3 10 0 0 0 0 O! 0 0 10 1 2 3 3 2 1; 
42 30 35 410 47 52 49 44 25 10 9 4 1 1 0 0, 0 1 3 3 4 8 13 19 25, 
47 77 77 810 77 76 77 76 71 61 310 21 15 I1 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 36 371 46 66 90 113 124 127 128 133 137' 

$7 175 173 178 178 175 168' 159 146 129 127 120 107 99 100 111j 109 127 141 161 168 177 184 173 172' 
62 111 102 88 83 82 86; 96 107 120 113 113 122 135 124 1171 139 123 117 120 124 121 114 1241 114' 

67 16 13 16 13 9 12 37 62 72 86 89 92 86 90 97 87 87 83 83 66 52 43 31! 25 1033.5 
72 2 0 0 0 0 10 5 19 46 60 64 661 68 74 66 66 75 61 26 17 7 4 31 2 693.75 
77 0 O: 0 0 0 10 0 3 11 25 47 561 61 SS 6(] 52 37 25 12 S 2 2 01. 446,75 
82 0 0: 0 0 0 10 0 0 2 7 15 21 : 30 38 33 29 18 10 4 1 1 0 10 . 208 
87 0 01 0 0 0 10 0 0 0 1 S 13 13 15 14 9 S 2 1 0 0 0 C . 78 i 
92 0 01 01 0 0 0 0 0 0 0 0 0 S $ 4 4 2 1 0 0 0 0 10 , 21 
97 0 01 0 I 0 0 10 0 0 0 0 0 0 1 1 2 2 0 O 0 0 0 0 10 . E 

.O°H°ursll I I I I I I I 2111311 1791 2201 2481 2641 2781 2761 2491 2241 1821 1261 891 I I I 2487.0(] 



Chiller Replacement and Heat Exchanger Installation (Site 1909) 

Program 
Measure 

Site Description 

Advanced Performance Options Program 
High Efficiency Water-Cooled Chillers and 
Heat Exchanger 
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 

W ~ 



Additional Notes 

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: 

• The baseline for the heat exchanger is a 150-ton Title-24 water-cooled 
centrifugal chiller; identical to the two 150-ton chillers modeled. 

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. 

Impact Results 

KW 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 

Energy 
Impacts 

MDSS 483,305 
QC 

Demand 
80 

Energy 
Savings 

Demand 

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 o o o o 

I 

i 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.S8. 

Chiller #3 & #4 Impacts 
Energy 

MDSS 483,305 
QC 127,595 

Realization Rate 0.26 

Demand 
80 
61 

0.76 

Savings 
Energy 

254,088 

Demand 

123 

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 I Value Reported Units of Parameter Notes 
City San Francisco 

Climate Zone 3 

Chiller ~I Pre-Retrofit Nominal Capacity 500 Tons Application 
Chiller ,~I Pre-Retrofil Nominal Efficiency 1.05 kWlton Application 
Chiller ,~I Post-Retrofit Nominal Capacity 500 Tons Application 
Chiller #I Post-Retrofit Nominal Efficiency 0.61 kWlton Application 

Chiller #I Baseline Efficiency 0.748 kWlton 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 kWlton Application 
Chiller #2 Post-Retrofit Nominal Capacity 500 Tons Application 
Chiller #2 Post-Retrofit Nominal Efficiency 0.61 kWlton Application 

Chiller ,~2 Baseline Efficiency 0.748 kWlton Title 24 Nominal Efficiency for Chiller > 300 Tons 

Chiller #3 Pre-Retrofit Nominal Capacity 150 Tons Application 
Chiller ~3 Pre-Retrofit Nominal Efficiency I .I kWlton Application 
Chiller #3 Posl-Retrofit Nominal Capacity 150 Tons Application 
Chiller #3 Post-Retrofit Nominal Efficiency 0.58 kWlton Application 

Chiller/,'3 Baseline Efficiency 0.837 kWlton Title 24 Nominal Efficiency for Chiller > 300 Tons 

Chiller ~4 Pre-Retrofit Nominal Capacity 150 Tons Application 
Chiller #4 Pre-Retrofit Nominal Efficiency I .I kWlton Application 
Chiller #4 Post-Retrofit Nominal Capacity 150 Tons Application 
Chiller #4 Post-Retrofit Nominal Efficiency 0.58 kWlton Application 

Chiller #4 Baseline Efficiency 0.837 kWlton 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 I .I kWlton Application 

Baseline Chiller Efficiency 0.837 kWlton 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 I 8:00 PM Contact provided schedule; Inverse schedule for Heat Exchanger 

Chiller Startup OSA Temperature 55 F Contact provided estimate 
Dale of Chiller Installation 7115197 Contact provided estimate 
Dale at Run Hour Reading 6/24199 Chiller Log 

Number of Days Chiller Operated 486 days (M-F Only) = ((Read Date - Install Dale) ' 517) - 20 Holidays 
Run Hours for Chiller #I 1531 hours Documented from Chiller Log 
Run Hours for Chiller #2 1389 hours Documented from Chiller Log 
Run Hours for Chiller I'3 7758 hours Documented from Chiller Log 
Run Hours for Chiller I'4 UTD hours 



Site 1909: Results for Chiller ,11 

MDSS 
QC 

Realization Rate 

Impacts Savings 
I Demand Energy Demand 

483,305 80 
0 0 

0.00 0.00 

Energy 

0 I 0 

Title 24 Baseline Chiller BI 
Nom. Eff 0.748 

Nora. Tons S00 
nom kw 374.043 

Outdoor DB Operating 
Temperature (F) Hours per year Tons Output 

(TMY) 

Efficiency 
(kW/Ton) 

Annual Energy 
Use (kWh/year) 

Peak Demand 
(kW) 

102 0.00 400 0.657 0.00 0.00 
Totals 0.00 0.00 0.00 

Post-Retrofit Chiller ~1 
Nom. Eff 0.61 

Nom. Tons 500 
nom kw 305 

Outdoor DB Operating 
Temperature (F) Hours per 

year (TMY) 

102 0.00 
Totals 0.00 

Pre-Retrofit Chiller ~tl 
Nom. Eff 1.050 

Nom. Tons S00 
nom kw 525 

Outdoor DB Operating 
Temperature (F) Hours per 

year (TMY) 

102 0.00 
Totals 0.00 

Annual Energy Annual Energy 
Tons Output Efficiency Use Peak Demand Operating Use 

Hours per year (kWh/year), (kW/Ton) (kWh/year), (kW) (Actual) 
(TMY) (Actual) 

400 0.536 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 

Annual Energy Operating Annual Energy 
Tons Output Efficiency Use Peak Demand Hours per year Use 

(kW/Ton) !(kWh/year), (kW) (Actual) (kWh/year), 
i (TMY) (Actual) 

400 0.922 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 



Site 1909: Resuhs for Chiller ~'2 

Impacts Savings 
Energy Demand Energy Demand 

MDSS 483,305 80 
QC 7,571 46 24,126 147 

Realization Rate l 0.02 0.58 

Title 24 Baseline Chiller ~2 I 

I Nom. Eff I 0.748 

Nora. Tons I 500 
nom kw 374 

Outdoor DB 
Temperature (F} 

Operating 
Hours per year 

(TMY) 
Tons Output 

Efficiency 
(kW/Ton) 

Annual Energy 
Use (kWh/year) 

Peak Demand 
(kW) 

97 0.00 380 0.658 0.00 i 250.55 
92 0.71 361 0.671 172.88 242.03 
87 20.00 341 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 

Post-Retrofit Chiller ~2 
Nora. Eft 0.61 

Num. Tons 500 
nom kw 305 

Outdoor DB Operating 
Hours per Tons Output 

Temperature (F) year (TMY) 

97 0.00 380 
92 0.71 361 
87 20.00 341 
82 41.43 321 
77 125.00 301 

Totals 187.14 

Pre-Retrofit Chiller n2 
Nom. Eft 1.050 

Nom. Tons 500 
nom kw 525 

Outdoor DB Operating 
Temperature (F) Hours per 

year (TMY) 

97 0.00 
92 0.71 
87 20.00 
82 41.43 
77 125.00 

Totals 1 B7.14 

Tons Output 

380 
361 
341 
321 
301 

Efficiency 
(kW/Ton) 

0.537 
0.547 
0.559 
0.571 
0.584 

Annual Energy 
Use 

(kWh/year), 
{TMY) 
0.00 

140.97 
3,804.53 
7,577.54 

21,923.73 

Peak Demand [ 
(kW) 

204.30 
197.36 
190.23 
182.91 
175.39 

Operating 
Hours per year 

(Actual) 

0100 
I '00 

16"00 
66"00 
168"00 

Annual Energy 
Use 

(kWh/year), 
(Actual) 

Efficiency 
(kW/Ton) 

0.924 
0.942 
0.962 
0.982 
1.005 

0.00 
197.36 

3,043.63 
12,071.80 
29,465.49 

33,446.77 204.30 251.00 I 44,778.28 

Annual Energy 
Use 

(kWh/year). 
(TMY) 

Peak Demand 
(kW) 

351.67 
339.71 
327.44 
314.84 
301.90 
351.67 

Operating 
Hours per year 

(Actual) 

0.00 
1.00 

16.00 
66.00 
168.00 
251.00 

0.00 
242.65 

6,548.79 
13,043.30 
37,737.56 
57,572.31 

Annual Energy 
Use 

(kWh/year), 
(Actual) 

0.00 
339.71 

5,239.03 
20,779.33 
50,719.29 
77,077136 



Site 1909: Results for Chiller t3 & t4 

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 13 & ~4 
Nom. Eft I 0.837 

Nom. Tons I 300 
nom kw 251.1428571 

Post-Retrofit Chiller ~3 & ~4 
Nora. Eft 0.58 

Nom. Tons 300 
nom kw 174 

Outdoor DB Operating 
Hours per 

Temperature iF) 
year ITMY) 

72 283.57 
67 492.86 
62 692.86 
57 ' 776.43 

Totals 2,245.71 

Pre-Retrofit Chiller #3 & X4 
Nom. Elf [ 0.57 

Nom. Tons I 300 
nom kw 171 

Outdoor DB 
Temperature iF) 

72 
67 
62 
57 

Totals 

Operating 
Hours per year 

(TMY) 

283.57 
492.86 
692.86 
776.43 

Tons Output 

281 
261 
241 
221 

Efficiency 
(kWfron) 

0.709 
0.730 
0.756 
0.788 

Annual Energy 
Use (kWh/year) 

56,373.31 
93,740.35 
125,932.61 
134,954.88 

Peak Demand 
(kw) 

198.80 
190.20 
181.76 
173.81 

2,245.71 411,001.14 198.80 
Note: The effect of the new coolin 

Outdoor D8 Operating 
Hours per 

Temperature iF) 
year (TMY) 

72 283.57 
67 492.86 
62 692.86 
57 776.43 

Totals 2,245.71 
tower is a 0.01 kW/ton decrease per degree decrease in approach temperature for the post-retrofit case only. 

Tons Output Efficiency 
(kWfron) 

281 0.491 
261 0.506 
241 0.522 

221 0.540 

Tons Output Efficiency 
(kW/'Fon) 

281 0.930 
261 0.959 
241 0.990 
221 1.024 

Annual 
Energy Use 
(kWh/year), 

(TMY) 
39,020.03 
64,946.18 
87,020.77 
92,419.11 
283,406.08 

Annual 
Energy Use 
(kWh/year), 

(TMY) 
74,003.50 
123,173.79 
165.039.38 
175,277.62 
537,494.29 

Peak Demand Operating Annual Use Energy 
Hours per year 

(kW) (Actual) (kWh/year), 
(Actual) 

137.60 263.00 36,189.35 
131.77 883.00 116,357.20 
125.60 1,717.00 215,650.02 
119.03 2,029.00 241,514.01 
137.60 4,892.00 609,710.57 

Annual Energy 
Peak Demand Operating Use 

Hours per year 
(kW) (Actual) (kWh/year), 

(Actual) 
260.97 263.00 68,634.98 
249.92 883.00 220,677.44 
238.20 1,717.00 408,991.41 
225.75 2,029.00 458,043.81 
260.97 4,892.00 1,156,347.64 



Site 1909: Results for Heal Exchanger 

MDSS 
QC 

Realization Rate 

Impac~ Savings 
Energy Demand Energy Demand 

483,305 80 
289,647 67 380,594 " 88 

0.60 0.83 

Title 24 Baseline Chiller I 

I Nom. Eft I 0.837 

Nom. Tons I 150 
nom kw 126 

Outdoor DB I Operating 
Temperature (F) Hours per year 

I (TMY) 

92 0.29 
87 8.00 
82 16.57 
77 50.00 

72 125.43 

67 280.14 

62 764.14 

57 1,684.57 

52 1,506.86 
Totals 4,436.00 

Tons Output 

115 
115 
115 
115 
115 
115 
115 
115 
115 

Efficiency 
(kW/Ton) 

0.493 

0.503 
0.514 
0.525 

0.536 
0.547 
0.558 
0.569 

0.580 

Annual Energy 
Use (kWh/year) 

16.18 
462.79 
978.96 

3,016.07 
7,724.40 
17,609.85 
49,017.80 
110,244.08 
100,576.98 
289,647.12 

Peak Demand 
(kW) 

56.65 

57.85 

59.08 

60.32 

61.58 

62.86 

64.15 

65.44 

66.75 

66.75 

Post-Retrofit Heat Exchanger 
Nom. Eft 0 

N om. Tons 150 
nom kw 0 

Outdoor D8 Operating 
Temperature(F) Hours per 

year(TMY) 

92 0.29 t15 
87 8.00 115 
82 16.57 115 
77 50.00 115 
72 125.43 115 
67 280.14 115 
62 764.14 115 
57 1,684.57 115 
52 1,506.86 115 

Totals 4,436.00 

Pre-Retrofit Chiller 

Nom. Eff I 1.050 
Nom. Tons 150 

nom kw 158 

Outdoor DB Operating 
Hours per Tons Output 

Temperature (F) year (TMY) 

92 0.29 115 
87 8.00 115 
82 16.57 115 
77 50.00 115 
72 125.43 115 
67 280.14 115 
62 764.14 115 
57 1,684.57 115 
52 1,506.86 115 

Totals 4,436.00 

Annual Energy Annual Energy 
Tons Output Efficiency Use Peak Demand Hours Operating per year Use 

(kW/ron) (kWh/year), (kW) (Aclual) (kWh/year), 
(TMY) (Actual) 

0.00 0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 

0.000 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
O.O0 
0.00 

0.00 

0.29 
3,14 
10.86 
28.71 
69.71 
227.43 
731.00 

1,713.43 
1,769.00 

0.00 
0.00 
0.00 
0.00 

Efficiency 
(kW/Ton) 

0.647 

0.661 

0.675 

0.689 

0.704 

0.718 

0.733 

0.748 

0.763 

Annual Energy 
Use 

(kWh/year), 
(TMY) 
21.27 
608.10 

1,286.35 
3,963.10 
10,149.82 
23,139.22 
64,409.05 
144,859.97 
132,157,46 
380,594,34 

0.00 0.00 4,553.57 0.00 

Peak Demand 
(kW) 

74.43 

76.01 

77.62 

79.26 

80.92 

82.60 

84.29 

85.99 

87.70 

Operating 
Hours per year 

(Actual) 

0.29 
3.14 
10.86 
28.71 
69.71 
227.43 
731.00 

1,713.43 
1,769.00 
4,553.57 87.70 

Annual Energy 
Use 

(kWh/year), 
(Actual) 
21,27 

238.90 
842.78 

2,275.95 
5,641.36 
18,785.13 
61,615.46 
147,341.46 
155,148.45 
391,910.75 



Site 1909: Post-Retrofit Chi l ler #1 

Centri fugal Chi l ler (Water-Source) 

Capacity Correct ion (Tout, Tin) 

Part Load Efficiency (PLR) 

Temp Efficiency (Tout, Tin) 

Nora. Eff 

Nom. Tons 
nom kw 

a b c d e f 
I :6~29eg.26 ........... i 6:6~sggi ............. T- :6 : i~68~ ................ ! - i~.bi f~gg ................... ~-6.o6i~.~2~1 ' 6 1 b ~ g ~ i - l  
..................................... t. ................................. j . . . . .  ~ .................................. ~ ....................... t ...................................... J 

0 . 1 7 1 4 9 2 7 !  O.S8820211 0 . 2 3 7 3 7 2 6 [  -] - I  -I 
................................. ++ ......................................... ~ ................................................ ~ ............................................... , ............................................. 

I 0 . 5 1 7 7 7 1 9 6 1  -O.OO400363 0 0 0 0 0 2 0 2 8 i  0 0 0 6 9 8 7 9 3 ~  O 0 0 O O 8 2 9 d  -0 O 0 0 1 5 4 6 7  
I ......................................................................... ~ ........................................................................................................................................ L .............................. J 

0.61 

500 
305 

Outdoor  

DB 
Temperatu 

r e  

Current Data 

Condenser 
Tons Output  Temp Supply temp 

Calculated Values 

Part Load Ambient  
Current Part Load 

Capacity Ratio Adjustment Adjustment 
to EIR to EIR 

Efficiency 

EIR* COP kW/ ron  

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. 

Chi l ler  Plant Coeff icients -- Electric Water-Cooled Chil lers (source Mark  Hydeman October  2, 1997 Proposed Changes to the ACM Manual  -- Central Plant Cool ing Equipment) 

c^P,T -0.2986,9761 0.029 607 T -0.00080i2 E-- 0.0,,30200 T -0.00032006 0.00063,3  
0. 17771% I -0.00 003   0.000020   i 0.0000 2 0 -0.0001  0, 

EIRFPLR 0 . 1 7 1 4 9 2 7 3 l  0 . S 8 8 2 0 2 0 8 1  0 . 2 3 7 3 7 2 5 7 !  

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 o f  the chi l led 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 condit ions (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 chi l led 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 t 909: Post-Retrofit Chiller ~t2 
Centrifugal Chiller (Water-Sourcea b c d e f 

r ~ . ~ o ~  . . . .  ~ . ~ 9 ~  ...... ~---~:~oZ--..........~:o.!..~.~.~ ................ Z..:o..~oo:3.~E.[ Capacity Correction (Tout, Tin) ................. 0:i;,-i~92}: ' l 0:__~63] ......... ....................................... -I ................................................ 
Part Load Efficiency (PLR) 0.$882021l 0.237372G -i " i 
Temp Efficiency (Tout, Tin) 1" 0.s1777196~ -0.00400363[ 0.00002028 0 . 0 0 6 ~ [  0.00008290| -0.00015467[ 

Nom. Eft 0.61 
Nom. Tons 500 
nom kw 305 

Outdoor 
D8 

Temperatu 
re 

Current Data Calculated Values 

Part Load Ambient 
Condenser Current Part Load 

Tons Output Supply temp Adjustment Adjustment 
Temp Capacity Ratio 

to EIR to EIR 

Efficiency 

EIR* COP kW/Ton 

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 
77 301 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 Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment) 

,,.: :.~...~; ~ :~ , . , .~ :  ' ~  :.,.:ILL: ~.~: ,.:11 : "  ~ : l l , ~ : , : i ~ , ' - : ~ : l l  ' : ! ~ i i ~  ] L = i i ~  ,: I E ' - ~ - ~ F ~ T i l  
CAPFT -0.2986197E 0.029960761 -0.0008012! 0.01736268[ -0.0003260E 0.00063139 

EIRFT 0.S177719C -0.004003631 0.00002028 0.006987931 0.0000829( -0.00015467 

E,RFPIR . . . . . .  0.171492731 05882o2o8 i 0237372s7 -[ 

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 

Centrifugal Chiller (Water-Sourcea 

Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

Nom. Eft 
Nom. Tons 

nora kw 

b c d e f 
i o.0  %1 j .o.ooo 01 i o.0t7 6  i .0.ooo    

................... ° c ~ ~ l ~ a ~ - ~ /  .................. o :588~6~1:  ............... a : ~ s ~ - ~  / ...................................... :i ................................. :1 ........................................ :i 
o.s1 7 1%/ -o.oo oo o i o.oooo o 8 / o.oooo  9o I .oooo,    

0.58 
150 

87 

Outdoor 
DB 

Temperatu 

re 

Current Data 

Condenser 
Tons Output Supply temp 

Temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment 
Capacity Ratio to EIR to EIR 

Efficiency 

EIR* COP kW/Ton 

72 140 81.3 50.3 153 0.92 0.91 0.85 0.1394 7.17 0.490 
67 130 81.3 48.1 152 0.86 0.85 0.88 0.1445 6.92 0.508 
62 120 81.3 45.9 150 0.80 0.80 0.92 0.1500 6.67 0.527 
57 110 81.3 43.7 147 0.75 0.75 0.95 0.1557 6.42 0.547 

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) 
I111- .... , ,,,,.,~.. I , I , ~ 1  _=[ 1 I ~ .  I I ! ~ 1 t l I I I  
iCAPFT -o.29861976j o.o2996o76 i -o.ooo8o12~1 o.o17~6~081 .o.ooo~o~ o.ooo~1~91 

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 ,~4 
Centrifugal Chiller (Water-Sourcea 

Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

Nom. Eft 
Nora. Tons 

nom kw 

b c d e f 
- - - : c ¢ . ~ s Y 6 ~ " -  0.029961 ! -0.00080~ [ 0.017363 i -0.000326 ] 0.0006~i :. 
................ 6 ] ; i ~ g 2 ~  ................. i 5 : ~ ~ 6 ~ i i  ...................... ............................. : ....................................... :[ .................................. :i 

o . 5 ~ 7 7 , ~  . o . ~ 6 o ~  o.oooo2o2, I oToo69~793i o.oooo829o I - o . o o o 1 5 4 ~  

0.58 
150 

87 

Outdoor 
DB 

Temperatu 

re 

Current Data 

Condenser 
Tons Output Supply temp 

Temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment 
Capacity Ratio to EIR to EIR 

Efficiency 

EIR* COP kW/Ton 

72 140 81.3 50.2 153 0.92 0.91 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 45.5 150 0.74 0.73 0.92 0.1513 6.61 0.532 

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) 

iCAPFT ............................................ _...Z [ -0.298619761 0,02996076 -0.00080125 0.017362681 -0,00032606 ' 0.0OO63139 

0 17149273 058820208  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). 

EtR-EPLR = 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 Heat Exchanger 

Centrifugal Chiller (Water-Sourcm 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

Nora. Eff 
Nom. Tons 
nom kw 

b c d e f 
........ : ~ : ~  ..[.. 0.02996, -0.00080, j 0.0,,~63 L .0.000320 I 0.0006~, I 

o.,7,~~71 ............... - ~ : ~ ~ ~ ~  ..................... ~ : ~ ~ ~ I  ............................. :I ............................. :i ..................................... :I 
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0 

150 
0 

Outdoor 
DB 

Temperatu i 
re I 

Current Data 

Condenser 
Tons Output Supply temp 

Temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment 
Capacity Ratio to EIR to EIR 

Efficiency 

EIR" COP kW/Ton 

92 115 75 64 125 0.92 0.91 0.59 0.0000 # DIV/0[ 0.000 
87 115 75 63 129 0.89 0.88 0.61 0.0000 # DIV/0! 0.000 
82 115 75 62 132 0.87 0.86 0.62 0.0000 # DIV/0[ 0.000 
77 115 75 61 136 0.85 0.84 0.63 0.0000 # DIV/0! 0.000 
72 115 75 60 139 0.8.3 0.82 0.64 0.0000 # DIV/0! 0.000 
67 115 75 59 141 0.81 0.81 0.66 0.0000 ~ DIV/O! 0.000 

62 115 75 58 144 0.80 0.79 0.67 0.0000 n DIV/0! 0.000 
57 115 ' 75 57 146 0.79 0.78 0.68 0.0000 #DIV/0! 0.000 
52 115 75 56 148 0.78 0.77 0.70 0.0000 #DIV/0! 0.000 

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) 

~ z :  ' ~ - g ~ , - - -  ~ - ~ t  ~ I t~ , " ,  -' , . _  1, _ _ _ ~ i _ - - ~ _  " 
• - ~ "  , a " r a - -  o 

i .o.,986tg,6T 0.0,9960,6 .0.000 0,,  .0.0  2606 0.00063, , 
{EIRFT J 0.51777196J -0.00400363[ 0.000020281 0.00698793 0.000082901 -0.00015467 

t ........................................................ l .......... ............ . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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 + (8 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: Baseline Chiller #1 

Centrifugal Chiller (Water-Sourcea 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

Nom. Eft 

Nora. Tons 
nom kw 

b c d e f 
-o29862o ] o o ~ % ,  -oooo8o, I 00,73~3 i .00003~ T ~ T - i  
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0.748 

50O 
374.043 

Outdoor 
DB 

Temperatu 
re 

Current Data 

Condenser 
Tons Output Temp Supply temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Capacity Ratio Adjustment Adjustment 
to EIR to EIR 

Efficiency 

EIR* COP kW/Ton 

102 400 81.3 48.0 507 0.790 0.784 0.885 0.1869 5.35 0.657 

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) 

i#;,Pr--~ - - ' =  ' -0.2986~976 I' 0.029%076 .0.0008012s 0.0~736~6~ i .0.000'32606 i 0.00063~9i 
iEIRFT 0.51777196 -0.00400363[ 0.00002028 0.006987931 0.00008290[ -0.000154'6'71 
i""FP R o,,,492,3 o s.2o2o8  o2,, ,2s, .! [ 

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-I 989 User's Manual - November 1992. 



Site 1909: Baseline Chiller #2 

Centrifugal Chiller (Water-Sourcea b c d e f 
Capacity Correction (Tout, Tin) -0.298620 0.029961 i -0.000801 0.017363 ! -0.000326 [ 0.000631---~ 
Part Load Efficiency (PLR) ............ 01i7i492~ .................... o~ssB-:z02il ................ 0~237.3726 .................................................. : ........... ~ ......................................... :i 

Temp Efficiency (Tout, Tin) 0.51777196 -0.004003631 0.0000202B ~006~ 0.0000~ :o.~Is.~: 

N o , .  Eft 0.748 

N o , .  Tons 500 
n o ,  kw 374.043 

Outdoor 

DB 
Temperatu 

re 

Current Data 

Condenser 
Tons Output Temp Supply temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment 
Capacity Ratio to EIR to EIR 

Efficiency 

EIR* COP kW/ron 

97 380 81.3 48.0 507 0.751 0.747 0.885 0.1 873 5.34 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 4.91 0.71 6 

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

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

t . . . . .  f' 0000    61 iCAPFT -o.29861'97o olo29%o76T "T To.-oooso12s ..... --~.~130268 oloo~3139 i 
[EIRFT 0.51777196 -0.00400363i 0.00002028 0.006987931 0.00008290] -0.00015467 l 

i 01,,492,3 0,8820208l 0237372,71 j t _ _ 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 1909: Baseline Chiller #3 

Centrifugal Chiller (Water-Sourcea b c d e 
Capacity Correction (Tout, Tin) -0.298620 [ 0.029961 i -0.000801 0.017363 i :°.'°Q_0"3.20....i..i..-..°T.'~.--...i~.!]]]" ] 
Part Load Efficiency (PLR) ............. ~]i~i 492~, I ............ 0is8826iii ...................... oi23737~ ................................................. ~i .... " ~, 
Temp Efficiency (Tout, Tin) 0.517771-------61 "'-0.0()4003631 0,00002028 " 0.00698793[ 0.00008290 -0.000154~] 

Nom. Eft 0.837 
Nom. Tons 150 
nom kw 125.571 

Outdoor 

DB 
Temperatu 

re 

Current Data 

Condenser 
Tons Output Supply temp 

Temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment 
Capacity Ratio to EIR to EIR 

Efficiency 

EIR* COP kW/'ron 

72 137 81.3 50.3 153 0.89 0.89 0.85 0.2010 4.97 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 Hyde, man October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment) 
I;',i ' 
~APFT -0.29861976 0.029960761 -O.00080125 0.017362681 -0.00032606 0.000631391 
~l'/#T ...................................................................................... b~g i'7"~ 7-i 96 ............ :6~66~i50s631 ............. 6:'6i5~56~6~'o .................. / f  6i5g ~'~-3!"-'"-67~6~58"~ ~'i5-"-:/5~'~6"6'?~'~/g'~ i 
ilRFPLR 0.17149273 0.58820208[ 0.2.1737257 "l. "] 

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: Baseline Chiller #4 
Centrifugal Chiller (Water-Sourcea 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

Nom. Eft 
Nom. Tons 
nom kw 

b c d e f 
-0.298620 l 0.029961 "-'-~-.6"0-O801 I 0.017363 [ -0.000326 I " ' "6~6~3 '~ ' 1 ' - - ' - -  

. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

o.s17771961 -o.oo4oo363['o.oooo2o28 / 000698793i 0000082901 -000015467; 
- [ . [ • - - J  

0.837 
150 

125.571 

Outdoor 

DB 
Temperatu 

re 

Current Data Calculated Values 

Part Load Ambient 
Condenser Current Part Load 

Adjustment Adjustment 
Tons Output Temp Supply temp Capacity Ratio to EIR to EIR 

Efficiency 

EIR" COP kW,qon 

72 149 81.3 50.2 153 0.97 0.97 0.85 0.2021 4.95 0.710 
67 128 81.3 48.7 152 0.84 0.84 0.88 0.2067 4.84 0.727 
62 108 81.3 47.1 151 0.71 0.71 0.90 0.2134 4.69 0.750 

57 87 81.3 4.5.5 150 0.58 0.60 0.92 0.2237 4.47 0.787 

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) 

r ~ : -  -~o~ - - '  I r, I , - - - :  ] ~ ' 
iCAPFT -0.2986197~ 0.02996076[ -0,00080125 0.01736268] -0.00032606' 0.0006313! 
iEiR'FY ............................................................................ ~C5i~Y7i~' ........... :&66~6bg63 i .............. -61~6~'~ ............... ~:6~g~i"-"~:6~8~--" ' :~: i~ZS' i ]g '~ 
iEIRFPLR 0.17149273 0.588202081 0.23737257 "[ "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: ASHRAEIIES Standard 90.1 -I 989 User's Manual - November 1992. 



Site 1909: Baseline Heat Exchanger 

Centrifugal Chiller (Water-Sourcm 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

N o , .  Eft 

N o , .  Tons 
n o ,  kw 

b c d e f 
[ -0.298620 ] 0.029961 [ -0.0008o, 0.0,736~ I-0.000~26 )0.0006~, I 

0 51777196 -0 00400363 0 00002028 0 00698793 0 00008290 i -0 ooo15467 

0.837 

150 
126 

Outdoor 
DB 

Temperatu 
re 

Current Data 

Condenser 
Tons Output Temp Supply temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment 
Capacity Ratio to EIR to EIR 

Efficiency 

EIR" COP kW/Ton 

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 6.37 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 Hyde,an October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment) 

I~,~[Z ~ ~'  '~.~J ' _ Z : : - - ~ ) I  • [ . ' z  ~ ' " ~ -- - - - ~ 1  i cAPET I -0.29861976] 0.02996076 -0.00086U5[ 0.0,7362681 -o.bob3'2606[' 0.00063139) 
i~'RF~ I 0151777196| -0.00400363 

..................................................................... [ ......... No ~m ~m 7~ m 4m 92~ 73 ~ ........ bmz 588m2om2m 08 ............... 0 23~372~ 7]~m~ ~ ~ ~I~ m~ ~ m ~ [ ........... OmlO 0698m 7m 9m3[ ml m m m 0 ImO00 Om82 IgO~mm m Ig mm mZOm~ OOOm mm 546 ~ _ ]  m) i 
i EIRFi~I.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 1909: Pre-Retrofit Chiller #1 

Centrifugal Chiller (Water-Sourcea b c 
Capacity Correction (Tout, Tin) -0.298620 [ 0.029961 i .0.000801 
Part Load Efficiency (PER) ........... ~ ................. iJ:si38262i] ................... 6:2373~'26 
Temp Efficiency (Tout, Tin) [ 0.s17771961 - 0 . 0 0 ~ [  0.00002028 

d e f 
o o,~s6s Z -oooo32o 1 o.ooo6s, i 

.......................................... :i ...................... :] .................................... :': 
"676o6~ ~-~6~682~o I -o.ooo~£gT~ 

Nom. Eft 1.050 
Nom. Tons 500 
nom kw 525 

Outdoor 

DB 
Temperatu 

re 

Current Data 

Condenser 
Tons Output Temp Supply temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment 
Capacity Ratio to EIR to EIR 

Efficiency 

EIR* COP kW/Ton 

102 400 81.3 48.0 507 0.790 0.784 0.885 0.2623 3.81 0.922 

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) 

• ~-~. ,~ . .~ ,~ ,~ .~ ,~  ,~:.:, : .  , "~ , t l  . .0~ 1 [ ,  ' , . .  ~ ~ " t [  . . . .  ~ ' ~ '  ' : : : :1~ ~ :"~ : .= II ':: . :~: ' . :~ 
i O . ,  ]l"~ 7 I 17 2 8 0 2 00 I ~ I  [CAPFT -0.29861976 0.029960 6 -0.00080 25 0.0 36 6[  -0.0 03 606 . 0063 3. i 

IRFT 0.51777196 -0.00400363!' 0.00002028 0.006987931 0.00008290 -0.0OO1546; 
iEIRFPLR 0.17149273 0.58820208 I, 0.23737257 "i 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-I 989 User's Manual - November 1 992. 



Site 1909: Pre-Retrofit Chiller ~'2 
Centrifugal Chiller (Water-Sourcea b c 
Capacity Correction (Tout, Tin) [-0.298620 i 0.029961 1 , -0.000801 

........... B . i ? i 4 - 9  ~ ,  . . . . . . . . .  6 L ~ i i ~ 6 ~ - i  i .................... 61~~ ~?g Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) [ - -  0.517771961 -T0.00400363! 0.00002028 

d e f 
o . o 1 7 3 6 s  i - o . o o o s 2 6  ]--bi~g~-?--~ 

............................................... ~ .................................... t ................................... ? 
"i I [ 0 . 0 0 6 ~ ~ -  0.00008290 ._~0.00015467 i 

Nom. Eft 1.050 
Nom. Tons 500 
nom kw 525.000 

Outdoor 
DB 

Temperatu 
re 

Current Data Calculated Values Efficiency. 

Part Load Ambient 
Condenser Current Part Load 

Tons Output Supply temp Adjustment Adjustment EIR* COP kW/Ton 
Temp Capacity Ratio 

to EIR to EIR 

97 
92 

87 
82 
77 

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 0.91 0.2735 3.66 0.962 
321 81.3 45.0 497 0.65 0.65 0.93 0.2794 3.58 0.982 
301 81.3 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-Cooled Chillers t 

[CAPFT -0.29861976 
EIRFFT 0.51777196 

[EIRFPLR 0.17149273 

source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment) 

0.029960761 -O.00080125[ 0.01736268 / -0.00032606 0.00063139. 
-0:00400363 0.00002028 0.00698793 / 0.00008290 -0.00015467! 
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: ASHRAEIIES Standard 90.1-I 989 User's Manua l -  November 1992. 



Site 1909: Pre-Retrofit Chiller #3 
Centrifugal Chiller (Water-Sourcea 
Capacity Correction (Tout, Tin) 

Part Load Efficiency (PLR) 

Temp Efficiency (Tout, Tin) 

Nom. Eft 
Nom. Tons 
nora kw 

b c d e f 
"--"~6~'2"986"20--- 0.029961 i -0.000801 0.017363 j -0.000326 --1-'-"0~63"1"--'~ 

. . . . . . . . . . . . . . . .  . . . . . . . . . . . .  " o: 3 3726 .............................................. :T .......................... : l  . . . . . . . . . . . . . . .  : !  

0.51777196 -0.00400363i 0.00002028' 0.006987931 0.000082901 -0.0001546~ 

1.1 
150 
165 

Outdoor 
DB 

Temperatu 
re 

Current Data 

Condenser 
Tons Output Supply temp 

Temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Capacity Ratio Adjustment Adjustment 
to EIR to EIR 

Efficiency 

EIR* COP kW/lon 

72 140 81.3 50.3 153 0.92 0.91 0.85 0.2643 3.78 0.929 

67 130 81.3 48.1 152 0.86 0.85 0.88 0.2741 3.65 0.964 
62 120 81.3 45.9 150 0.80 0.80 0.92 0.2844 3.52 1.000 
57 110 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 Coefficients -- Electric Water-Cooled Chillers (source Mark HydemanOctober 2, 1997 Proposed Changes to the ACMManual - -  Central Plant Cooling Equipment) 

I I I 1_ L_ I I 
CAPFT ' .-0.29861976 0.02996076[ -0.00080125 0.01736268 -0.00032606 0.00063139[ 
........................................................................................................................................................................................................................... L-6T666T~~ EIRFT 0.51777196 -0.00400363[ 0.0000202E 0.00698793 0.00008290 
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 + (8 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 

Centrifugal Chiller (Water-Sou rcea 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 

Temp Efficiency (Tout, Tin) 

Nom. Eft 

Nom. Tons 
nora kw 

-0.298620 

0.1714927 

0.51777196 

b c d e f 
0.029961 i -0000801 [ 0.017363 i -0000326 [ 000~-~i--3 

.................. a:s 8 o21! . . . .  0.2373 26 / .......................................... ............................... Z .................................... :] 
- ~ , 0 0 4 ~  0.00002028| 0.00698793i o. o o o o a fgSV '?6.~6 Tg~%-~l 

- , ! . . . . . . .  _ i J  

1.1 

150 
165 

Outdoor 

DB 

Temperatu 
re 

Current Data 

Condenser 
Tons Output Temp Supply temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment 
Capacity Ratio to EIR to EIR 

Efficiency 

EIR' COP kW/Ton 

72 140 81.3 50.2 153 0.92 0.91 0.85 0.2648 3.78 0.931 
67 130 81.3 48.7 152 0.85 0.85 0.88 0.2716 3.68 0.955 
62 120 81.3 47.1 151 0.79 0.79 0.90 0.2789 3.59 0.981 
57 110 81.3 45.5 150 0.74 0.73 0.92 0.2869 3.49 1.009 

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) 

, - -  , , . . , , , - m - - ~ - -  . | 

[CAPFT -0.29861976 0.02996076] -0.00080125 0.0173626[ -0.00032606 0.00063139 
7~ii~i~Y ..................................................................................... ~i.Si~,7~i ~ ............. ~]J6~-.J~.~ ................. b:6~b~/J]i~ .................... ~ i o 6 ~ ~ ]  [-i51666~8~ij~ -:/J:i:J~J~Ji~~~~ 

EIRFPLR 0.17149273' 0.58820208 i 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: Pre-Retrofil Heat Exchanger 
Centrifugal Chiller (Water-SourceB 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

c d e i 
-01298620 : 0 1 0 2 9 9 6  J J -O.000801 0.017363 [ -0.000326 [ 0.000631 

................. ~ : F ~ ~ ~ ~ ~ ~  ................ ~ :~8-8~o2~ j  . . . . . . . . . . .  o i ~ - 7 ~ ~ 2 - 6  ........................................... :1 .............................. : i  .................................... : 

............ 0:s_,_~.Z,9..t ........... -.0.:0~.~02L63 ................ 0 0 ~ 2 ~ 2 8  ............ ?.~0098~9,3L._.0_:0~0~8,~?~0i.......:~.000 ..~6..! 

Nora. Eft 1.10 
Nora. Tons 150 
nom kw 165 

Current Data Calculated Values Efficiency 
Outdoor 

Part Load Ambient 
DB Condenser Current Part Load 

Temperatu Tons Output Temp Supply temp Capacity Ratio Adjustment Adjustment EIR* COP 
re to EIR to EIR 

92 115 75 64 125 0.92 0.91 0.59 0.1841 5.43 0.647 
87 115 75 63 129 0.89 0.88 0.61 0.1880 5.32 0.661 
82 115 75 62 132 0.87 0.86 0.62 0.1920 5.21 0.675 

77 115 75 61 136 0.85 0.84 0.63 0.1960 5.10 0.689 
72 115 75 60 139 0.83 0.82 0.64 0.2001 5.00 0.704 
67 115 75 59 141 0.81 0.81 0.66 0.2043 4.90 0.718 
62 115 75 58 144 0.80 0.79 0.67 0.2085 4.80 0.733 
57 115 75 57 146 0.79 0.78 0.68 0.2127 4.70 0.748 
52 115 75 56 148 0.78 0.77 0.70 0.216~I 4.61 0.763 

kW/Ton 

EIR = EIRrated x EIR-FT x EIR-EPLR / PLR. 

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

I ~ - i - ~ z  ~ - ~ =  7 ~ : - - .  l ~ " . _ ,  ~],  o : . . . .  
iCAPFT -0.29861978[ 0.02996076 -0.00080125 0.01736268 -0.00032606 0.00063139 
iE RFT 0 51777196 -0 00400363 0 00002028 0 00698793 0 000082901 -000015467 _ [ • . [ . . . .  

i E'~F~L~ ..................................................................................... ~ ~ ~ ~ ~ t  ............. ~ ~ ~ 8  ......... ~ : ~ ' 2 ~ t  ............................. :[ .......................... :! .................................... :l 

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 1 992. 



Site 1909: Weather Data for Chiller a2 
1"MY temperature data for climate zone 3 

T e m p  Ilo:ool I:~012:0013:0014:001 s:oole:ool 7:0018:0019:00110:00111:00112:00113:00114:001 lS:OO116:00117:00116:00119:00120:00121:ool22:o'ol23:oollOn Hours 
32 o o i 4 , o i o o Ol o o o o o o o o o o o o c 

37 6 9 13 13 16 15 18 2 1 0 01 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 S 6 7 16 21 2( 
47 72 77 79 84 71 66 70 65 43 31 121 8 6 3 2 2 2 6 21 32 44 43 48 54 
52 ~ 1 2 0 1 2 5 1 2 5 1 1 6 1 2 7 1 2 2 1 0 4  85 79 68 60i 43 26 20 17 21 36 53 68 76 93 107 124 127 
5 7 1 1 6 1 0 5 1 0 0  90 9 5 1 0 6 1 1 2 1 2 0 1 0 4  89 83J 79 68 70 80 79' 95 108 115 129 129 137 127 12.~ 
62 121 17 12 11 9 11 19 58 9 8 1 0 2  911 77 77 83 79 84 91 111 109 99 83 SS 35 25 
671 2 O 1 1 1 1 3 S 2° 56 74~ 77 72 78 84 78 83 60 38 19 9 4 S 2 
72 0 1 0 0 0 0 0 2 7 9 32J 51 64 61 58 57 37 19 9 2 0 0 0 C 
77 0 0 0 0 0 0 0 0 1 S lol 21 31 30 28 281 15 6 0 0 G 0 0 C 125 
82 o o o o o o o o ~ o 2 i 8 13 11 11 91 4 0 0 0 0 0 0 C 41.42857 
87 0 0 0 0 0 0 0 0 0 0 01 1 8 7 S 61 , o o o o o o c 20 

92 0 0 0 0 0 0 0 0 0 0 01 0 0 1 0 ~ 0 0 0 0 O 0 0 C 0.714286 
97 0 0 0 0 0 0 0 0 G ° 01 0 0 0 0 0 0 0 0 0 0 0 C 0 

OnHours, I I I I I I 01 0l '1 51 121 30I "L~'2I '491 441 431 2°1 6l I I J I J ( 187.14 
Note: Tolal "C~n Hours" varue has been scaled by 5/7 Io account for M-F operation onJy 

Actua) temperature by hour from 09/01/98 to 08/31/99 

Femp 0:0011:0012:0013:0014:00 5:00 6:00 7:001e:0019:00110:00111:00 12:00113:001'~:0011s:00116:00117:00118:00119:00120:00121:00122:001~3:0cl0.  Hours 
32.  :. 
37 4 3 3 7 51 7 9 7 S 2 2 2 i 
42' 24 23 31 27 34 i 33 34 30 15 19 19 8 4 3 2 3 3 S 8 13 12 15 20 19 
47 i 114 124 122 131 13S I 134 123 105 97 60 SO 43 30 26 20 16 25 34 42 59 78 81 62 102 
521 221 228 226 229 228 214 193 162 147 148 119 114 97 92 81 91 116 152 164 197 212 223 234 233 
5~ 196 188 190 169 76 169 183 194 186 163 156 145 149 142 156 17G i89 194 220 224 207 205 197 196 
6~ $6 49 45 32 41 38 70 94 122 149 150 155 151 169 181 173 157 146 117 90 80 78 72 63 
6~ 6 6 4 6 2 6 8 25 43 69 92 99 115 108 99 98 74 53 23 22 29 19 14 6 
7~ . ! 1 4 6 10 27 36 37 34 34 26 25 23 25 16 3 , I" 
71 . ). i" I" 1 6 17 2 3  2 9  2 8  26  25 11 2 . 168 
8~ . I. 2 13  13 1 6  12 7 3 66 
8 ~ .  ii . . 9~ " I" 2 2 4 4 ~ .  1~ 

. . 1, 1 

9~. . 0.00 

On H°urs [l l I l l I 0l 0l 01 1l 61 21 3Bl 47l "4Bl 44[ 321 141 I l I 2 s 1 . 0 0  

Actual temperature by hour from 07/15/971o 06/24/99 

ITemp Io:oo11:oo1~=ooI~:oo14:ools:ooI~:ooI~:~18:oo19:OOllO,OO111:oo112:oo ,3Loo114=OOllS:OOi1~:oo117:oolts:oo119:oo12o:oolz1:oo122:oo123:oollOoHou~ 
3~. I. i' .' 

37 4 3 3 7 5 7 9 71 5 2 l 2 2 
42 24 23 31 30 39 44 41 33 15 19 19 8 4 31' 2 3 3 5 B 13 12 15 20 19 
47 | 6 0 1 8 2 1 8 9 2 0 0 2 0 3 1 9 8 1 8 4 1 6 5 1 4 2 '  86 63 54 36 28, 24 18 27 42 53 77 99 106 116 141 
5 2 3 5 2 3 6 8 3 5 5 3 6 7 3 7 4 3 6 5 3 3 0 2 8 . 3 2 6 2 2 5 6  225 207 167 146 130 141 187 231 290 309 329 348 364 364 
5 7 4 3 5 4 0 0 4 0 7 3 9 9 3 8 9 3 9 4 3 9 9 3 9 1 3 4 0 '  328 294 272 289 283 293 318 345 379 405 422 428 431 431 446 
6 2 1 6 6 1 7 1  1 6 5 1 5 0  4 5 1 4 7 1 5 6 1 8 8 2 4 7 2 7 7  286 282 264 281 303 308 297 267 251 220 194 201 185 159 
67 26 22 21 18 16 16 49 9 5 1 2 8 1 4 2  159 188 194 t92 193 177 163 159 107 102 101 65 48 37 
72 2 2 . 3 9 30 56 110 102 131 133 121 117 81 51 44 ! 23 6 2 2 3 

77 2 i. 2 S 11 41 55 66 53 49 40 26 12! 5 2 3 3 . 348 

9782 • : • " 4 15,, 26 25 37 27 ;. 23 9 1 .  166 
87 . i. 2 S 9 10 10 3 2 41 
92 . . S 5 3! 2 15 

, i. o .oo  

IOnH°ursm) l I I01 01 21 sl 'sl SSI 061 '0Sl 'YSI "I 68l 371 I I I I I I ST0.00 



Site 1909: Weather Data for Chille~ ~3&4 
TMY temperature data for climate zone 3 

Temp Ilo:ool 1:0012:0013:0014:0018:0016:0017:001,:0019:00110:00111:00 ] 13:?0113:00114:001 ,s:oo116:00117:00[ 18:00119:00120:00131=00122:00J 23:00~On Hours 

3~ ON 0 I 4 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 C 0 0 

3~ 6 9 13 13 16 15 18 2 1 0 0 0 0 0 0 0 0 0 0 0 C 3 5 

4~ 28 31 34 46 45 44 38 28 12 9 1 0 0 1 1 1 2 5 6 7 16 21 26 
47 72 77 79 84 71 66 70 65 43 31 12 8 6 3 2 2 2 6 21 32 44 43 48 54 
52 12C 125 125 116 127 122 104 85 79 68 60 43 26 20 17 21 36 53 68, 78 93 107 124 123 

5~ 116 109 100 90 95 106 112 120 10.4 89 83 79 68 70 80 79 95 108 115 129 129 137 127 125 776.4286 
6~ 21 17 12 11 9 11 19 58 98 102 91 77 77 831 79 84 91 111 109! 99 83 55 35 25 692.8571 
67 2 0 1 1 1 3 5 20 56 74 77 72 781 84 78 83 60 38 19 9 4 5 492.8571 
7~ 0 1 0 0 0 0 0 2 7 9 32 51 64 611 58 57 37 19 ~ 2 0 0 0 0 283.5714 

77 0 0 0 0 0 0 0 0 I 5 I0 21 31 30; 28 28 15 6 C 0 0 0 0 0 m 
82 0 0 0 0 0 0 0 0 0 0 2 8 13 111 11 9 4 0 C 0 0 0 0 C 
8~ 0 0 0 0 0 0 0 0 0 0 0 I 8 71 5 6 I 0 C 0 0 0 0 C 

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 

9~ o o o o o o o o, o o o o o o o o o o o o o o o ~ 

I OnH°u~ I I I I l 11341 18s I 2291 2s61 3801 2841 2811 2921 3011 2981 3061 3981 I 1 I - I  I ~24s.71 
Note:Total 'On Hou~"valuehasbeen ~aledby5f f toaccounl forM-Foperat iononly  

Actual temperature by hour from 09/01/98 1o 08131/99 

. IIoXolol I I  m~olo] m iP~0rol m ill~OlOl i i~ i~o~ol ilkl~oio] m l.~oio] i iP~oii] i i;~Olll m i:l~llOl i~0~oll| iP, iil~llOl IP~olol I~,llRoli]l[e]~I| I~Ii'~ 

97 

Actual 1emperature by hour from 07/15/97 1o 06124/99 

32 I I I 
37 4 3 3 7' 5 7 9 7 S 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 

47 114 124 122 131 135 134 123 105 97 60 50 43 30 26 20 16 25 34 42 59 78 81 82 102 
52 221 228 226 229 228 214 193 162 147 148 119 114 97 92 81 91 116 152 184 197 212 223 234 233 

57 196 188 190 189 176 189 183 194 186 163 158 145 149 142 156 170 189 194 220 224 207 208 197 196 
62 56 49 45 32 41 38 70 94 122 149 150 155 151 169 181 173 157 146 117 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 I 4 6 10 27 36 37 34 34 26 25 23 25 16 3 

77 1 6 17 23 29 28 28 25 11 2 
82 2 13 13 16 12 7 3 
87 2 2 4 4 4 

92 I 

2029 

1717 

883 

263 

On HO__~.~ i l l  

I t  UPMaI 

mlmmmmmmnm . _ .  
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Site 1909: Weather Data (or 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 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 ~..n._U_o_u.2. 
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Actual temperature by hour from 09101/98 1o 08/,31/99 
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Actual temperature by hour from 07/15/97 to 06124/99 
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Chiller Replacement (Site 1910) 

Program 
Measure 
Site Description 

Advanced Performance Options Program 
High Efficiency Water-Cooled Chiller 
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: 

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 

strategy with initial loading at 85 degrees F and 100% loading at 100 
degrees F. 

• 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. 

Impact Results 

MDS$ 

Adjusted 
Engineering 

KW 
171.00 

169.16 

KWh 
412,260.53 

255,355.53 

Therm 

Engineering 0.99 0.62 N / A  
Realization Rate 



Site 191 O: 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 



5ile 191 O: Results for Chiller ~ I 

Impacts 
Energy Demand 

MOSS 412,261 171 
QC 617 46 

Realization Rate O.O0 0.27 

Title 24 Baseline Chiller ~1 
Nom. Eft 0.748 

Nom. Tons 4S0 
nom kw 336.638 

Outdoor DB 
Temperature (F) 

Operating 
Hours per year 

(TMY) 
Tons Output 

Efficiency 
(kW/Ton) 

Annual Energy 
Use (kWh/year) 

Peak Demand 
(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 I ]0.65 154.91 
87 20.00 113 0.878 1,974.91 98.75 

Totals 20.71 2,085.56 154.91 

Post-Retrofit Chiller #1 
Nom. Eft I 0.s26666667 l 

Nom. Tons 450 
nora kw 237 

Outdoor D8 Operating 
Temperature (F) Hours per 

year (TMY) 

102 0.00 

97 0.00 
92 0.71 

87 20.00 
Totals 20.71 

Annual Energy Operating Annual Energy 

Tons Output Efficiency Use Peak Demand Hours per year Use 
(kW/'ron) (kWh/year), (kW) (Actual) (kWh/year), 

(TMY) (Actual) 
450 0.457 O.00 0.00 0 0.00 
338 0.458 O.00 0.00 0 O.O0 
225 0.485 77.90 109.06 9 981.51 

113 0.618 1,390.38 69.52 31 2,155.09 
1,46B.28 109.06 40.00 3,136.60 



Site 1910: Results for Chiller ~2 

MDSS 
Q¢ 

Realization Rate 

Impacts 
Energy Demand 

412,261 171 
254,738 123 

0.62 0.72 

Title 24 Baseline Chiller#2 
Nom. Eff 0.748 

Nom. Tons 650 
nom kw 486 

Outdoor DB Operating 
Temperalure (F) Hou~ per yeac 

(TMY) i 
102 0.00 [ 
97 0.00 
92 0.71 
87 20.00 
82 41.43 
77 125.00 
72 290.00 
67 520.00 
62 770.71 
57 858.57 
52 485.71 

Totals 3,112.14 

Tons Output 

650 
650 
650 
650 
569 
488 
406 
325 
244 
163 
81 

Efficiency 
(kW/Ton) 

0.649 
0.650 
0.651 
0.652 
0.619 
0.609 
0.607 
0.619 
0.656 
0.756 
1.103 

Annual Energy 
Use 

(kWh/year), 
(TMY) 
0.00 
0.00 

302.22 
8,474.99 
14,591.16 
37,121.98 
71,549.45 
104,583.07 
123,234.37 
105,439.92 
43,546.33 

Peak Demand 
(kW) 

421.76 
422.45 
423.11 
423.75 
352.20 
296.98 
246.72 
201.12 
159.90 
122.81 
89.65 

508,843.49 423.75 

Post-Retroflt Chiller #2 
No, .  Eft 0.52 

No, .  Tons 650 
nom kw 338 

Outdoor DB Operating 
Temperature (F) Hours per Tons Output 

year (TMY) 

102 0.00 650 
97 0.00 650 
92 0.71 650 
87 20.00 650 
82 41.43 569 
77 125.00 488 
72 290.00 406 
67 520.00 325 
62 770.71 244 
57 858.57 163 
52 485.71 81 

Totals 3,112.14 

Efficiency 
(kW/Ton) 

0.460 
0.461 
0.462 
0.462 
0.387 
0.318 
0.306 
0.301 
0.319 
0.368 
0.537 

Annual Energy 
Use 

(kWh/year), 
(TMY) 
0.00 
0.00 

214.28 
6,008.86 
9,128.19 
19,352.84 
36.057.59 
50,887.58 
59,962.84 
51,304.50 
21,188.58 

Peak Demand 
(kW) 

299.03 
299.52 
299.99 
300.44 
220.34 
154.82 
124.34 
97.86 
77.80 
59.76 
43.62 

Operating 
Hours per year 

(Actual) 

0 
0 
9 

31 
62 
98 

206 
441 
744 
835 
555 

Annual Energy 
Use 

(kWh/year), 
(Actual) 

0.00 
0.00 

2,699.90 
9,313.73 
13,660.81 
15,172.63 
25,613.32 
43,156.58 
57,884.43 
49,895.97 
24,211.07 

254,105.25 I 300.44 2,981.00 241,608.43 



Site 1910: Inputs to Model 

Parameter Value Reported ] Units of Parameter Notes 
City Oakland 

Climate Zone 3 

Chiller//1 Pre-Retrofit Nominal Capacity 650 Tons Application 
Chiller//1 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 #2 Pre-Retrofit Nominal Capacity 650 Tons Application 
Chiller ~2 Post-Retront Nominal Capacity 650 Tons Application 
Chiller//2 Post-Retrofit Nominal Efficiency 0.520 kW/ton Application 

Chiller//2 Baseline Efficiency 0.748 kW/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 191 O: Post-Retrofit Chiller # 1 
Centrifugal Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 

Temp Efficiency (Tout, Tin) 

a b c d e f 
! -0.298620 0.029961 ! -0.000801 0.017363 [ -0.000326 [ 0.000631 
li 0.1714927 0.5882021 .i 0.2373726 [ 
: ................................................................................ 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

i 0.51777196 -0.00400363 ~ 0.00002028 ........ E66-6~g~ggi6~6i566B290 -0.0001s467 

Nom. Eft 0.527 

Nom. Tons 450 

nom kw 237 

Outdoor DB 
Temperatu re 

Current Data 

Condenser 
Tons Output Temp Supply temp 

.Calculated Values 

Part Load Ambient 
Current Part Load 

Capacity Ratio Adjustment Adjustment 
to EIR to EIR 

Efficiency 

EIR* COP kW/-ron 

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 44.0 457 0.492 0.518 0.874 0.1379 7.25 0.485 

87 113 75 43.0 456 0.247 0.331 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 the ACM Manual -- Central Plant Cooling Equipment) 

~ , ~  I ri~ 7 "J , 
] .0.29 619761 0.0 9%070j .0.000 012  0.017 020 i .0.00032 0  0.0000 1 9 
i -o.oo4oo     o oooo o   o ooo 8,%i o oooo   o -o.ooo, 4o, 

E RFPLR i 0.17149273[ 0.588202081 0.23737257 -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: ASH RAE/IES Standard 90. I - I  989 User's Manual - November 1992. 



Site 1910: Post-Retrofit Chiller #2 
Centrifugal Chiller (Water-Source) a 

Capacity Correction (Tout, Tin) i 
Part Load Efficiency (PLR) ) 

Temp Efficiency (Tout, Tin) i 

-0.298620 ) 0.029961 

0.1714927) 0.5882021 

0.51777196[ -0.0040036~ I 

Nom. Eft 0.52 
Nom. Tons 650 
nom kw 338 

d e f 
-0.000~01 ~ 0.0175~ i :0.000~2~ i o.ooo_.~2j - - 

0.2 7 72  0.000,79  0.0000 29  0.0000202  I .0.0001, 07 

Current Data 

Outdoor D8 Condenser 
Temperature Tons Output Temp Supply temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment 
Capacity Ratio to EIR to EIR 

Efficiency 

EIR" COP kW/Ton 
kW/Ton 
w/VFD 

102 650 78 46.0 663 0.980 0.976 0.871 0.1283 7.80 0.451 

97 650 77 45.0 662 0.982 0.978 0.872 0.1285 7.78 0.452 

92 650 76 44.0 660 0.984 0.980 0.874 0.1287 7.77 0.452 

87 650 75 43.0 658 0.988 0.984 0.875 0.1289 7.76 0.453 

82 569 74 45.0 669 0.85 0.84 0.83 0.1224 8.17 0.430 

77 488 72 44.5 670 0.73 0.73 0.82 0.1204 8.30 0.423 

72 406 70 44.0 670 0.61 0.62 0.80 0.1201 8.33 0.422 

67 325 68 43.5 669 0.49 0.51 0.78 0.1223 8.17 0.430 

62 244 66 43.0 667 0.37 0.42 0.77 0.1297 7.71 0.456 

57 163 64 42.5 663 0.24 0.33 0.75 0.1494 6.69 0.525 

52 81 62 42.0 659 0.12 0.25 0.73 0.2181 4.58 0.767 

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

0.460047 

0.460798 
0.461521 

0.46222 
0.387403 
0.317585 

0.306059 
0.30111 

0.319186 

0.367727 

0.536905 

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

iCAPFT j -0.298619761 0.02996076 -0.000801251 0.01736268 -0.00032606 0.60063139 
iEIRFT ' 0.51777196 -0.00400363 0.00002028 0.00698793 0.00008290 -0.00015467 
iEIRFPLR ] i 0.1714927.3 0.58820208 0.23737257 

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CW5 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 £1R 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: Baseline Chil ler #1 

Centrifugal Chil ler (Water-Source) a b c d e 
Capacity Correction f lout ,  Tin) [°-'~6"~29'86~6" [ "  '(i:02996T"""] ............. :6':i~6~86i ....................... 0:0i~,63 ........ T:6.6~3"26 ............. -o:oo0,~3f' I 
Part Load Efficiency (PLR) [ 0.1714927 J 0.,s882021 [ 0.2373726 ................... - i - - i 

6:G6~8-~ t 6:GG66~ " :~:6~G~g~-[ Temp Efficiency (Tout, Tin) [~-~:~si~7~7~.i~§6-~|~-:~:~b~3~63--~[~6:~2-~2.8 

Nom. Eff 0.748 
Nom. Tons 450 

nom kw 336.638 

Outdoor D8 
Temperature 

Current Data 

Condenser 
Tons Output Supply temp 

Temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment 
Capacity Ratio to EIR to EIR 

Efficiency 

EIR" COP kW/Ton 

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 5.41 0.650 
92 225 76 44.0 457 0.492 0.518 0.874 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 = EIRrated x EIR-FT x EIR-FPLR / PLR. 

Chil ler Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cool ing Equipment) 

. - .  , , • , ...... 
,c^~ -o,1986,97~i' 0.0299607( ~.0008012S 6.6,7362681 -0:000326061- 0.00663139! 
IEIRFT 0.5177719E1 -0.00400363 0.00002028 0.006987931 0.00008290] -0.00015467! 
{EIRFPLR.,, 0 17 492731: 0.5882020E 0.23737257 -1 -!. -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 chil led 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 condit ions (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 chil led water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures. 

souce of equations: ASHRAE/IES Standard 90.1-I 989 User's Manual - November 1992. 



Site 1910: Baseline Chiller #2 

Centrifugal Chiller (Water-Source) 

Capacity Correction (Tout, Tin) 

Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

a b c d e f 

i 
.o.29862o 10o2996,  i .oooo8o,  [o .o , ,363  ! .oooo32o ! oooo63, , 

0117|4927[ 0.5882021) 02373726) -) -i "~ 
0.S 177719...~ -0.00400363! 0.00002028[ 0.006987931 0.000082901 -O.000154671 

Nom. Eft 0.748 
Nom. Tons 650 
nora kw 486.255 

Current Data Calculated Values 

Pan Load Ambient 

Efficiency 

Outdoor DB Condenser Current Part Load 
Adjustment Adjustment EIR* COP 

Temperature Tons Output Temp Supply 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 44.5 670 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 42.5 663 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 

kW/Ton 

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) 
" i - -  

. . . .  - ' [ = ' -  . ,  

iCAPFT : -0.29861976 ° 0.02996076[ -0.000801251 0.01736268 -0.00032606 i 0.0006313' '[ 

EIRFT i 0.5%777196 -0.004003631 0.00002028l 0.00698793 0.00008290] -0.0001546 '! 
E,R PLR [ o,, ,492,3 o5.202o8i i ', 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 lemperature (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 

~ E ~ ~ w w w ~ ~ m m w w w ~ w w w w w ~  
| | E | | | | | | | | | | | | | |  

E I i | E | E | | | | | | | | | | | | | | | | |  
E N E ~ ~ E E E E / E E / / / / / E E I E N E  
~ ~ N ~ ~ N E E E E E E E E / E E E E E  
~ E ~ E E E ~ E ~ E E E E I E E E E E E ~ ~  

N ~ i N E N ~ ~ E i i E E E E ~ E E E E E  
I E N N m N E E E ~ E E E E E E E E E E E E E E  
E N E E E E E E I E E E E E E E E E E E E E E E  
E E E E E E E E ~ E E I E E E E E E E E E E E E  
E E E E E E E E E E E E - - -  . . . . . .  - - , - - , - - . - - , ] m . m  . . . . . . . . . . .  
E E E E E E E E E E E / E / / E / E E E E E E i  
E E E E E E E E E E E E E E E E E E E E E E E E  i l l l i  i - - , ] - - , ] - - . - - , , - - . - - , ~  
i l i i i i  i l i i i - - " - - " - - " - - ' ] m " - - " - - ' ] e ' ] m ' l m " - - " n " - - ' ]  

Note: Tolal "On Hours" value has been scaled by 5/7 Io account for M-F operation only 

Actual temperature by hour from 11/01/98 to 10/31/99 

E E m E E E i m R m m m m m m m m m m m i l i m m  
I E B m E l m m E E i m m m m m m i l l l i E i  
| | | | | | E | E E E | | E | E E | E E | | E E  

~ ~ ~ E ~ E ~ E E E E E E E E E E E E E E E  
~ E E E ~ E E E ~ E E E E ~ E E E E E E E E E  
E E E E E I E E ~ E E E E E E E E E E E E E E E  

E E E I E E E E E E E E / E E / i  
l l l E E E / E E E E E E E E / / / / !  

l l l i l l l l i E i l i / l / / !  
l l l l l l l l m l i l l l l i i / / n / n / /  
l l l l l l l l m l / / i l i / / / / / / / / /  
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ n n ~  
~ ~ n ~ ~ ~ ~ ~ ~ ~ ~ ~ n ~  
~ u ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

Actual temperature by hour from 05101,'98 tO 10./31/99 

ITemp J10:001':0012:001~:0014:001S:0016:0017:001e:0019:00110:00111:00 I12:00113:001t,:ooI1s:ooI16:oolt7:ooI18:oot19:oo120:oo121:oo]22:oo123:oolIo,H .... 
32 I t 2 2 2 2 I" I- I 3 
3T 6 7 8 10 9 13 10 3 1 2 3 3 2 1 
42 21 24 29 32 33 33 28 t7 8 8 4 1 1 1 3 3' 4 6 10 16 19 
47' 45 45 45 44 4S 44 40 42 38 24 16 12 9 10 7 6 8 13 18 28 37 37 39 44 

52 89 931 90 93 94 91 70 $9 57 51 45 39 27 25 25 32 41 53 6,~ 73 77 85 86 88 592 
57 151 155 163 158 155 1S7 162 13S 96 80 72 62 62 64 66 63 71 91 11C 13C 140 149 153 147 1134 
62' 63 $3 44 43 41 44 SS 83 119 112 103 98 92 77 86 101 106 118 124 104 93 79 72 71 1274 
67 8 S 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 18 27 30 4,4 49 53 43 35 30 31 17 13 7 3 3 2 391 
77 2 9 13 19 23 25 22 24 21 22 13 2 1 . 201 
8~ I 5 11 10 16 21 21 20 13 8 129 

8~ 3 9 10 11 12 8 S 2 60 
9; 3 S 4 3 2 17 
9.; 1 1 1 1 4 

10; . . . . . .  , 0 

I°nH°ursll I I I I I 13011313133513s21 3~ I 3711 3741 374] 3771 3781 3751 3681 3621 I I I 1 Jl 464,.oo 



HVAC Controls (Site 1911) 

Program 
Measure 
Site Description 

Advanced Performance Options Program 
HVAC Controls 
Office 

Measure Description 

Summary of Ex Ante 
Impact Calculations 

Comments on PG&E 
Calculations 

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. 

Evaluation Process 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 thecomplexity 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 model, 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 



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. 

Additional Notes 

Impact Results 

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 

Fan 

Chiller 

Coolin 8 Tower 

Boiler 

Total 

kW 
Ex Post 

kWh 

Pre- Retrofit 10.444 55018.992 
Post-Retrofit 14.92 38024.87328 i 
Impact -4.476 16994.11872 
Realization Rate N/A 1.094 

Pre- Retrofit 62.11 132,543.94 
Post-Retrofit 62.11 119,483.83 
Impact 0 13060.10987 
Realization Rate N/A 0.190 

Pre-Retrofit 1.3055 6877.374 
Post-Retrofit 1.3055 4564.028 
Impact 0 2313.346 
Realization Rate N/A 

Pre-Retrofit 
Post-Retrofit 

1.583 

4770 
2040.520338 

Impact 2729.479662 
Realization Rate N/A 0.574 

Impact -4.476 35097.05425 
Realization Rate N/A 0.388 

II -4.s [Total Impact With All End Uses 36703.3 

Therms 

N/A 

kW 
Ex Ante 

kWh Therms 

0 53826 
0 38289 
0 0 15537 

166105 
0 97399 
0 0 68706 

6831 

N/A 

0 
0 5370 
0 0 1461 

4770 
N/A 

11,727 11756 

6710.4 0 90461 11721 
0.573 

6710.41 0 94601 11721 

5,017 i 13 35 
i 

6710.4 Oi 4757 11721 
0.573 



Site 1911 : Fan and Coolin 8 Tower Results 
Annual 

Operating 
Annual 

Energy Use 
VFD 

Average % 
Adjusted 

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 

14.92 3496 52160.32 0.9 38024.87328 
3496 14.92 52160.32 

Post-Retrofit 
Post-Retrofit Totals 

I 
5~ 4 

0.9 
20 
20 38024.87328 

Post-Retrofit 1.75 1 1.75 1.30551 3496.00 4564.028 
Impact (kWh) I 2313.346 

Pre-Retrofit 1.75 1 1.75 1.3055 5268.00 6877.374 

[Impact (kWh) [ [ 16994.11872 

[ Annual Annual 
Cooling Tower [hp quantity total hp kW Operating Energy Use 



Site 1911: Fan and Cooling Tower Pre-Retrofit Hours 

Temp II Sun I Mort I Tue I Wed I Thu I ~ri I Sat II Total 
22 0 0 0 0 0 0 0 0 
27 0 0 0 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 S 6 75 
107 2 3 7 0 0 0 1 13 
112 O 0 O 0 O O O O 

O~B; ~ffp~l! I ? ~ 1 |  i 2 ~ | 1  | ; |  ) ' B  i ; ' i ~ l ;  | | ;  ~ ) ' B  i ~  ~ ) ' B  i ; ,  f,'~; | ! |") ' ,~; li~111 

;ite 1911 : Fan and Coolin 8 Tower Pos(-Relrofit Hours 

Temp II Sun I Mon I Tue ] Wed I Thu ] Fri I Sat II Total 

22 0 0 0 0 0 0 0 0 
27 0 0 0 0 0 0 0 0 
32 0 0 0 0 I I I 3 
37 0 5 5 3 I 4 4 22 
42 0 17 12 16 10 17 6 78 
47 0 54 57 42 47 41 21 262 
52 0 92 98 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 SS 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 5 3 62 
107 0 3 7 0 0 0 0 10 
112 0 0 0 0 0 0 0 0 



Site 1911 : Chiller Results 

Post-Retrofit Chiller 
Nom. Eff 0.88 

Nom. Tons 80 
nom kw 70.4 

Pre-Retrofit 

Outdoor DB 
Temperature (F) 

107 
102 
97 
92 
87 
82 
77 
72 
67 
62 

Operating Hours 
per year (TMY) 

0.00 
26.00 
81.00 
165.00 
254.00 
406.00 
423.00 
499.00 
586.00 
722.00 

Operating Hours 
per year (Actual) 

13.00 
75.00 
119.00 
136.00 
220.00 
269.00 
357.00 
466.00 
521.00 
654.00 

Tons Output 

80 
80 
80 
80 
64 
64 
64 
48 
48 
32 

Efficiency 
(kW/'ron) 

0.770 
0.772 
0.774 
0.776 
0.775 
0.776 
0.778 
0.798 
0.800 
0.876 

Pea k 
Demand 

(kW) 

0.00 
61.80 
61.96 
62.11 
49.57 
49.68 
49.78 
38.31 
38.38 
28.04 

TMY Annual 
Energy Use 
(kWh/year) 

0.00 
1,606.73 
5,018.38 
10,247.50 
12,590.72 
20,169.37 
21,057.35 
19,117.86 
22,492.09 
20,243.92 

Actual Annual 
Energy Use 
(kWh/yea r) 

801.22 
4,634.81 
7,372.69 
8,446.42 
10,905.35 
13,363.45 
17,771.81 
17,853.56 
19,997.24 
18,337.29 

Totals 3162.00 2830.00 62.11 132,543.94 119,483.83 

Post-Retrofit 
Peak 

Outdoor DB Operating Hours Operating Hours Tons Output Efficiency Demand 
Temperature (F) per year (TMY) per year (Actual) (kW,rl-on) (kW) 

107 
102 
97 
92 
87 
82 
77 
72 
67 
62 

10.00 
64.00 
100.00 
99.00 
175.00 
224.00 
282.00 
346.00 
372.00 
446.00 

80 
64 
48 
48 
48 
48 
32 
32 
32 
32 

0.770 
0.769 
0.789 
0.791 
0.793 
0.795 
0.871 
0.873 
0.875 
0.876 

0.00 
49.21 
37.90 
37.99 
38.08 
38.16 
27.89 
27.94 
27.99 
28.04 

TMY Annual 
Energy Use 
(kWh/year) 

0.00 
1,279.45 
3,069.55 
6,268.00 
9,595.06 
15,072.79 
10,791.65 
12,265.53 
12,651.84 
14,944.61 

Actual Annual 
Energy Use 
(kWh/yea r) 

616.32 
3,149.43 
3,789.57 
3,760.80 
6,663.24 
8,547.61 
7,863.68 
9,667.14 
10,412.58 
12,505.25 

Totals 2730.00 

0.00 
26.00 
81.00 
165.00 
252.00 
395.00 
387.00 
439.00 
452.00 
533.00 

2118.00 49 .21  8 5 , 9 3 8 . 5 1  66,975.62 



Site 1911 : Chiller Inputs to Model 
Parameter 

City 
Climate Zone 

Pre-Retrofit Nominal Chiller Capacity 
Pre-Retrofit Nominal Chiller Efficiency 

Posl-Retrofit Nominal Chiller Capacity 
Post-Retro•t Nominal Chiller Efficiency 

[ Value Reported ] 

Chiller Starlup OSA Temperature 
Chiller Max Load OSA Temperature 

Walnut Creek 
12 
80 

0.88 

80 
0.88 

Unils of Parameter 

Tons 
kW/ton 

Tons 
kW/ton 

Chiller AM Lockout 7:00 AM 
Chiller PM Lockout 7:00 PM 

50 F 
100 

Notes 

Application 
Dummy Value 

Application 
From Chiller Rating Sheet 

Contact provided schedule 
Contact provided schedule 
Contact provided estimate 
Contact provided estimate 



Site 1911: Pre-Retrofit Chiller 
Centrifugal Chiller (Water-Source) a 
Capacity Correction (Tout, Tin) ! 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) L 

b c d e f 
- o i ~ ; ~ o - [ - o . o ~ ; ; ; i - r : o ~ o o o i ~ o i  ................. ooi~;Z~ ........... 1 :o iooo;20 ' l O i o ~ i ~ i i  

- -  I 

0517771961 -0 00400363 i 0 00002028 i -0'006987931 000008290 -0 00015467 i 

Nom. Eft 0.88 
Nora. Tons 80 
nom kw 70.4 

Current Data Calculated Values 
Part Load Ambient 

Outdoor DB Condenser Current Part Load 
Temperature Tons Output Temp Supply temp Capacity Ratio Adjustment Adjustment 

to EIR to EIR 

Efficiency 

£1R COP kW/'l'on 

107 80 90 56 78 1.O00 1.00 0.88 0.2191 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 Changes to the ACM Manual -- Central Plant Cooling Equipment) 

[ -  J ~-~ I m m L  r Ill I m m ~ m m l m m l l m m  1 
CAPFT I .-.0.298619761 0.029960761 -0.000801251 0.01736268~ -0.000326061 0.00063139 I 

~ i ~  ................................................................................. i' -~.';i~;i;'~['"Z~G~~;"0;~ .............. ~i'~G~'~';~'/; i .......... ~i~6987;31 ..... 01~Gs~;Gi-ZG~i~;,67 
~ , ~  i 0.,~,~9~1 0.5~0~0~I 0.~,~5~1 -~ -! -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 1911 : Post-Retrofit Chiller 
Centrifugal Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

0.029961 
0.5882021 

[ -0,298620 
I ' 0.--~'71--4'92~ 
L -o77Z~ -0.00400363 

d e f 
-oooo8o~ ~ o£,73~ ~i oooo326 i 0000o3, i 

0 00002028 L ~.00698793j. 0m00008290] "0"000154671 

Nom. Elf 0.88 
Nom. Tons 80 
nom kw 70.4 

Current Data Calculated Values 
"Part Load Ambient 

Current Part Load Condenser Adjustment Adjustment Outdoor DB Tons Output Supply temp Capacity Ratio 
Temperature Temp 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 S0 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 

Efficiency 

EIR COP kW/Ton 

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

Chiller Plant Coefficients -- Electric Water-Cooled Ch" ~ i ~ l ~ , ~ P r o  os ~ i ~ C  i ~ . ~ u a l  -- Central Plant Cooling Equipment) 

!CAPFT ~ 29~61976J 0.02996D76[ -0J~OOS0t 251 0.01736268 -0,000326061 0.00063139 i 
i.E!.~:~ .................................................................................. ~ 0 0 0 2 0 2 . 1  0.oo698793 o.o0o082901 -0.0001s467i 

I I l , , , ~ . ~ l B I I l l l l l l l  

CAP-ET = 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) + iF 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 Wea~er Data 
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Site 1911 : Chiller Operating Hours 

Pre-Retrofit 

Actual temperature by hour from 11/26/97 to 11/25/98 

:1 Temp II Sun I Mon I Tue [Wedl Thu I Fri I Sat liOn Hours 
22 0 0 0 0 0 0 0 0 
27 0 0 0 0 0 0 0 0 

32 0 0 0 0 0 0 0 0 

37 0 0 0 0 0 0 0 0 

42 0 0 0 0 0 0 0 0 

47 0 0 0 0 0 0 0 0 
52 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 

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 II 3101 473 14331 4s4 14401 4421278]1 2830.00 

Post-Retrofit 
Actual temperature by hour from 11/26/97 to 11/25/98 

22 0 0 0 0 0 
27 0 0 0 0 0 

32 0 0 0 0 0 

37 0 0 0 0 0 
42 0 0 0 0 0 

47 0 0 0 0 0 
52 0 0 0 0 0 

57 0 0 0 0 0 

62 8 60 63 88 86 
67 13 50 63 64 71 
72 10 60 52 64 70 
77 9 55 53 44 52 
82 6 44 55 37 27 

87 6 25 28 32 23 

92 9 25 14 14 9 
97 5 32 15 9 18 

102 2 12 9 20 13 
107 0 3 7 0 0 
112 0 0 0 0 0 

On Hours 

0 0 0 
0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

96 45 446 

68 43 372 
56 34 346 
46 23 282 
34 21 224 

39 22 175 
16 12 99 
13 8 100 

5 3 64 

0 0 10 
0 0 0 

v-roW 1_11 2118.oo ~On Hoursli 68 B l ,~a l  B l , ~ l l  l l ' # |  | ] [ ~ i  B l i r J H  i 



Site 1911 : Boiler Results 

Boiler 
0.8 Nom. Efficiency 

Nom. Output (kBtuh) 
Nom. Input (kBtuh) 

720 
900 

Outdoor DB Temperature 
(F) 

112 

107 
102 
97 
92 
87 

82 
77 
72 
67 
62 
57 

52 
47 
42 
37 
32 
27 
22 

Pre-Retrofit 
Operating Hours 
per year (Actual) 

0 
13 
75 

119 
136 
220 

269 
357 
466 
521 
654 
837 

898 
447 
193 
58 
14 

1 
0 

Post-Retrofit 
Operating Hours 
per year (Actual) 

0 
0 
0 
0 
0 
0 

0 
202 
254 
288 
308 
375 
417 
182 
49 
14 
14 

1 
0 

Percent of Hour 
Boiler is Firing 

Pre-Retrofit 
Energy Input 

(therms) 

Post-Retrofit 
Energy Input 

(therms) 

10% 
10% 
10% 
10% 
10% 
1 O% 
1 O% 
10% 
15% 
25% 
30% 
30% 

30% 
35% 
4O% 
45% 
5O% 
5O% 
50% 

0 

12 
68 
107 
122 
198 

242 
321 
629 

1,172 
1,766 
2,260 
2,425 
1,408 
695 
235 
63 

5 
0 

182 
343 
648 
832 

1,013 
1,126 
573 
176 
57 
63 
5 
0 

0 

12 
68 
107 
122 
1~98 
242 
140 
286 
524 
934 

1,247 

1,299 
835 
518 
178 

0 
0 
0 

Annual Energy 
Savings 

(Therms/year) 

Totals II s,278 I 2,104 I 11,727 s,017 II 6,710 



Site 1911 : Boiler Pre-Retrofit Operating Hours 
Actual temperature by hour from 11/26/97 to 1 

Temp II Sun I Mon I Tue I Wedl Thu I 

22 0 0 0 0 0 
27 0 0 0 0 0 

32 0 0 2 0 1 

37 2 18 12 8 3 
42 8 50 25 36 29 
47 28 103 94 66 74 

52 94 141 135 143 155 

57 78 151 133 141 130 

62 56 86 88 127 117 
67 61 88 77 76 88 
72 45 79 69 78 79 
77 41 64 61 51 57 
82 26 49 58 40 30 

87 27 31 31 36 27- 

92 24 28 17 17 11 

97 18 33 16 9 18 
102 10 12 9 20 13 
107 2 3 7 0 0 

112 0 0 0 0 0 

[ On Hours I,?,I*! I i~}[,1l; lCl I l ; l l ; !  l;gl~| 

1/25/98 

Fri I Sat II on Hours 
0 0 0 
0 1 1 

6 5 14 
11 4 58 

37 8 193 
57 25 447 

149 81 898 

133 71 837 

123 57 654 
80 51 521 

66 50 466 
57 26 357 
41 25 269 

41 27 220 

16 23 136 
13 12 119 

5 6 75 
0 1 13 

0 0 0 

8351 47311 5278.00 

Site 1911: Boiler Post-Retrofit Operating Hours 
Actual temperature by hour from 11/26/97 to 11/25/98 

Temp II Sun I Mon I T ue [ Wed] Thu I 
22 0 0 0 0 
27 0 0 0 0 

32 0 0 2 0 
37 1 2 2 1 
42 4 11 7 8 

47 19 30 33 26 
52 66 51 55 57 

57 54 54 55 61 

62 41 34 31 52 
67 41 36 41 37 

72 36 32 35 39 
77 28 33 32 28 
82 0 0 0 0 

87 0 0 0 0 
92 0 0 0 0 

97 0 0 0 0 
102 0 0 0 0 
107 0 0 0 0 

112 0 0 0 0 

Fri I Sat l ion Hours 
0 0 0 0 
0 0 1 1 

1 6 5 14 
1 3 4 14 
5 8 6 49 

24 29 21 182 

62 56 70 417 

52 48 51 375 

52 53 45 308 
47 43 43 288 
40 38 34 254 
29 29 23 202 

0 0 0 0 

0 0 0 0 
0 0 0 0 

0 0 0 0 
0 0 0 0 
0 0 0 0 

0 0 0 0 

3 1 313 1 303 II 21o4.oo On Hours II 2901 283 I 293 I 3091 31 



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 

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, cfrn 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. 

Additional Notes 



Impact Results 

KW KWh Therm 
MDSS 0.0 231,779.46 28,782 

Adjusted 74.68 566,551.68 28,782 
En~ineerin 8 
Engineering N/A 2.44 1.0 

Realization Rate 



Site 2332: Overall Results 

MDSS 
Lighting 
Boilers 

QC Fans 

Chiller 
Total 

Energy Demand Therms 

231,779 0 28,782 
29,481 

0 
481,288 
55,782 

6 
0 
0 
69 

0 
28,782 

0 
0 

566,552 75 28,782 

Realization Rate I 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 

Site 2332: Fan Results 

I Energy 
MDSS 
QC 
Realization Rate 

Fans-kWh 
ToNI 
Base 
New 
Impact 
Realization Rate 

231,779 
481,288 

2.08 

PG&E 

3,233,760 
3,002,023 

275,449 

I Demand 

N/A 

QC 

3,233,760 
2,752,472 

481,288 
1.75 

Therms 

28,782 
28,782 

1.00 

Note: From calculations below 

PG&E Estimate Hours kWh 
HP kWIHP LF kW Saved Saved 

Pump-CWP1 
Pump-CWP2 
Pump-CHWP1 

30 

Pump-HWP1 

30 
30 

0.746 
0.746 
0.746 

0.58 
0.58 
0.58 

12.98 
12.98 
12.98 

547.5 
547.5 
547.5 

7106.77 
7106.77 
7106.77 

Pump-CHWP2 30 0.746 0.58 12.98 547.5 7106.77 
7.5 0.58 3.25 0 0.00 

3.25 Pump-HWP2 0.58 0 
0.746 
0.746 7.5 0.00 

Pump-HWP5 

Pump-HWP3 7.5 0.746 0.58 3.25 0 0.00 
Pump-HWP4 7.5 0.746 0.58 3.25 0 0.00 

7.5 0.746 0.58 3.25 0 0.00 
Pump-HWP6 
AH U-1S 

0.746 
0.746 
0.746 
0.746 
0.746 
0.746 
0.746 

kWlHP LF 

AHU-tR 

HP 

AHU-2S 
AHU-2R 

0.58 
0.63 
0.63 
0.63 
0.63 
0.63 
0.63 

AC - 1S 
AC-2S 

7.5 

200 
3.25 

94.00 
18.80 
94.00 
18.80 
7.05 
7.05 

Efficiency kW 

40 
200 
40 

0 
1095 
1095 
1095 
1095 

0 
0 

15 
15 

QC Estimate 

0.00 
102925.62 
20585.12 

102925.62 
20585.12 

0.00 
0.00 

275,448.56 

Hours 
Saved 

kWh 
Saved 

Pump-CWPl 
Pump-CWP2 
Pump-CHWPI 
Pump-CHWP2 
Pump-HWP1 
Pump-HWP2 
Pump-HWP3 
Pump-HWP4 
Pump-HWP5 
Pump-HWP6 
AHU-lS 
AHU-1R 
~AHU-2S . . . .  
AHU-2R 
AC-IS 
AC-2S 

30 
30 
30 
30 
7.5 
7.5 
7.5 
7.5 
7.5 
7.5 

200 
40 

200 
40 
15 
15 

0.746 
0.746 
0.746 
0.746 
0.746 
0.746 
0.746 
0.746 
0.746 
0.746 
0.746 
0.746 
0.746 
0.746 
0.746 
0.746 

0.58 
0.58 
0.58' 
0.58i 
0.581 
0.58 
0.58 
0.58 
0.58 
0.58 
0.63 
0.63 
0.63 
0.63 
0.63 
0.63 

0.86 
0.86 
0.86 
0.86 
0.86 
0.86 
0.86 . . . .  
0.86 
0.86 
0.86 
0.86 
0.86 
0.86 
0.86 
0.86 
0.86 

15.09 
15.09 
15.09 
15.09 
3.77 
3.77 
3.77 
3.77 
3.77 
3.77 

109.30 
21.861 

730 
730 
730 
730 

8030 
1460 
1460 

109.30! 1460 
21.86 1460 

8.201. 1460 
8.201 1460 

11018.25 
11018.25 
11018.25 
11018.25 

0.00 
0.00 
0.00 
0.00 
0.00 

30300.18 
159574.60 
31914.92 

159574.60 
31914.92 
11968.10 
11968.10 

481,288.41 

Page 3 



Ltg Results 

Site 2332: Lighting Results 

MDSS 

~ - a t i o n  Rate 

i ! I [ ~ i . l l  i l l~l l~- l |  [. I i l l l ~ i i i ~ l  

I ~ ] ~  !:5 i I t / ; I  

Llght.ing - kWh 
watts per Lamps per wails per ~umoer OI 

lamp Fixlure Fixture Fixtures 

2rid floor Hallway Compact 
Flourescents 13 2 32 136 

2nd floor Lobby 24/7 CF's 13 2 32 32 
3rd-6th floor Hallway Compact 
Flourescents 13 2 32 44 

3rd-6th floor Lobby 24/7 CF's 13 2 32 15 

Base Usage 
Kwn per 

Op HOURS year 

6257 27231 

8760 8970 

6257 8810 

8760 4205 

PG&E Usage 
up kwn per 

Hours year 

6257 27231 

8760 8970 

6257 8810 

8760 4205 

up 
Hours 

1184 

8760 

1001 

8760 

QCUsage PG&Etmpact QC Impact 

kWh peryear Demand(kW) Energy(kWh) Demand ( kW)  Energy(kWh) 

5151 0 0 4.35 22080 

8970 0 0 0.00 0 

1409 0 0 1.41 7401 

4205 0.00 
N 

P ~ e 4  



Site 2332: Chiller Results 
impacts Savings 

Enemy 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 
(F) 

97 
92 
87 
82 
77 
72 
67 
62 
57 

Operating Hours per 
year (TMY) 

0.00 
1.00 

24.00 
58.00 
165.00 
342.00 
503.00 
432.00 
122.00 

Tons Output 

370 
338 
305 
273 
241 
208 
176 
143 
111 

Efficiency (kW/l'on) 

0.709 
0.704 
0.702 
0.702 
0.707 
0.719 
0.740 
0.779 
0.649 

Annual Energy Use 
(kWh/year) 

0.00 
237.80 

5,141.67 
11,117.82 
28,075.28 
51,175.70 
65,458.65 
48,234.11 
11,490.71 

Peak Demand (kW) 

0.00 
237.80 
214.24 
191.69 
170.15 
149.64 
130.14 
111.65 
94.19 

Operating 
Hours per 

year (Actual) 

4.00 
13.00 
47.00 
98.00 
143.00 
245.00 
493.00 
477.00 
111.00 

Annual Energy Use 
(kWh/year), (Actual) 

1,049.54 
3,091.44 
10,069.11 
18,785.27 
24,331.91 
36,660.95 
64,157.28 
53,258,49 
10,454.66 

Totals 1525.00 209,441.02 237.80 1,520.00 211,404,00 

Post-Retrofit Chiller 
Nom. Eft 0.7 

Nom. Tons 370 
nom kw 259 

Outdoor DB Temperature 
(F) 

97 
92 
87 
82 
77 
72 
67 
62 
62 

Operating Hours per 
year (TMY) 

0.00 
1.00 

24.00 
58.00 
165.00 
342.00 
503.00 
432.00 
122.00 

Tons Output 

370 
338 
305 
273 
241 
208 
176 
143 
111 

Efficiency (kW/'ron) 

0.501 
0.500 
0.501 
0.505 
0.513 
0.525 
0.545 
0.579 
0,639 

Annual Energy Use 
(kWh/year), CI'MY) 

0.00 
168.88 

3,673.76 
7,996.33 

20,338.53 
37,368.12 
48,221.96 
35,891.32 
8,650.44 

Totals 1,525.00 153,658.89 

Peak Demand (kW) 

0.00 
168.88 
153.07 
137.87 
123.26 
109.26 
95.87 
83.08 
70.91 

168.88 

Operating 
Hours per 

year (Actual) 

4.00 
13.00 
47.00 
98.00 
143.00 
245.00 
493.00 
477.00 
111,00 

Annual Energy Use 
(kWh/year), (Actual) 

741.13 
2,195.42 
7,194.44 
13,511.03 
17,626.73 
26,769.56 
47,263.27 
39,630.00 
7,870.48 

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) [ --~)-9s62o .............. I -  olo:z~6i ............... :o}~~soi .......... [-o.oi7363 ................ [ /olo~J~6- ] ' o ~ J ;  "~ 
Part Load Efficiency (PLR) ! o 7 49z7J o.5ss2o2 ! o.z373724 -] -I - 
Temp Efficiency (Tout, Tin) i 0.51777196 -0.00400363{ 0.000020281 0.00698793! 0.000082~ I -0.00015467 

Nom. Eft 0.7 
Nom. Tons 370 
nom kw 259 

Outdoor 
DB 

Temperat 
ure 

Current Data 

Condenser 
Tons Output Temp Supply temp 

Calculated Values Efficiency 

Part Load Ambient 
Current Part Load 

Capacity Ratio Adjustment Adjustment EIR* COP kW/'ron 
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 71.6 51.3 378 0.72 0.72 0.72 0.1437 6.96 0.505 
77 241 71.5 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 71.3 50.5 379 0.46 0.50 0.73 0.1551 6.45 0.545 
62 143 71.1 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 = 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 i -0.29861976 0.029960761 -0.00080125 0.01736268 -0.00032606 0.00063139 

EIR.FT i 0.51777196 -0.00400363 0.00002028 0.00698793 0.0000829C -0.00015467 

I ~-~'~ ............................................................................... [ ............ ~'i'~-i-~ .............. ~i~'8~[ ................... ~7~-~'~'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) + (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 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

Nom. Eft 
Nom. Tons 
nom kw 

b c d e f 
[ .~ i_;9,6i~ ....... l ~ i ° ~ 6 i  ............... i ~o i~oo~ i  ........................ oioi~363 ................. T : ~ : ~ i ~ 7 ~ i ~ i  ............ ] 
i o. ,~,~] o.~.2o~I o . ~  '~ :1 ! 
i ................... ~ i ; i~ i~  t .................. ~ i ~ ~  I ...................... ~ i~2~ i  ...................... ~ i  ............... ~ i ~ i ~ I  :~:~i~,;~J 

0.7 
370 
259 

Outdoor 
DB 

Temperat 
ure 

Current Data Calculated Values Efficiency 

Part Load Ambient 
Condenser Current Part Load 

Tons Output Temp Supply temp Capacity Ratio Adjustment Adjustment EIR* COP kW/'Fon 
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 4.97 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 0.2215 4.51 0.779 
57 111 85 43 346 0.32 0.38 1.01 0.2413 4.14 0.849 

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) 

I , ~ , ~  ~ "  I ~ ,  I ~ 1 ~ ' ~  n ~ a u  
CAPFT I - 0 . 29861976  0.02996076 -0.00080125 0 017362681 -0 00032606 0 00063139 

E[RF'T 0 5 777 96 -0 00400363 0 00002028 0 006987931 0 0000829C -0 000 5467 

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 
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Chiller & Cooling Tower Replacement (Site 2386) 

Program 
Measure 

Site Description 

Retrofit Efficiency Options Program 
High Efficiency Water-Cooled Chiller and 
Oversized Cooling Tower 
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. 



Additional Notes 

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. 

• 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. 

Impact Results 

KW 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 
MDSS 

QC 

Energy 
282,803 
93,901 

Demand 
77.559 
59 

Realization Rate 0.33 0.76 

Pre-Retrofit Chiller 
Nora. Eft 0.8 

Nora. Tons 200 
nora kw 160 

' Efficiency Annual Energy Peak Demand Outdoor DB Operating Hours J Tons Output 
Temperature (F) per year (Actual) : (kW/Ton) Use (kWh/year) (kW) 

112 
107 
102 
97 
92 
87 
82 
77 
72 
67 

0.00 
5.00 

30.00 
78.00 
176.00 
335.00 
433.00 
537.00 
581.00 
0.00 

200 
180 
160 
140 
120 
100 
80 
60 
40 
20 

0.812 
0.805 
0.804 
0.815 
0.840 
0.891 
0.985 
1.166 
1.565 
2.835 

0.00 
724.18 

3,861.50 
8,896.29 
17,749.82 
29,850.32 
34,128.02 
37,583.41 
36,379.79 

0.00 

0.00 
1,44.64 
128.72 
114.05 
100.85 
89.11 
78.82 
69.99 
62.62 
0.00 

Totals 2175.00 169,173.33 144.84 

Title 24 Baseline Chiller 
Nom. Eft J 0.837 

Nom. Tons J 200 
nomkw 167.429 

Outdoor DB Operating Hours Efficiency Annual Energy Peak Demand 
Temperature (F) per year (TMY) Tons Output (kW/Ton) Use (kWh/year) (kW) 

112 
107 
102 
97 
92 
87 
82 
77 
72 
67 

0.00 
5.00 

96.00 
216.00 
345.00 
418.00 
544.00 
606.00 
722.00 
0.00 

2,952.00 

200 
180 
160 
140 
120 
100 
80 
60 
40 
20 

0.850 
0.642 
0.8.42 
0.853 
0.879 
0.932 
1.031 
1.221 
1.638 
2.967 

0.00 
757.80 

12,930.51 
25,779.69 
36,409.10 
38,975.35 
44,867.48 
44,381.72 
47,307.59 

0.00 
251,409.24 Totals 

0.00 
151.56 
134.69 
119.35 
105.53 
93.24 
82.48 
73.24 
65.52 
0.00 

151.56 

Chiller 
MDSS 

QC 

Energy 
210,879 
79,928 

Demand 
67.77 

,48 
Realization Rate 0.38 0.71 

Post-Retrofit Chiller 
Nom. Eft J 0.571 

Nora. Tons J 200 
nom kw 114.2 

Cooling Tower Energy 
MDSS 71,925 

QC 13,974 

Demand 
9.789 
10.548 

Realization Rate 0.19 1.08 

Outdoor DB Operating Hours Efficiency Annual Energy Operating 
Temperature (F) per year (TMY) Tons Output (kW/Ton) Use (kWh/year),' Peak Demand Hours per year 

(TMY) (kW) (Actual) 

112 
107 
102 
97 
92 
87 
82 
77 
72 
67 

0.00 
5.00 

96.00 
216.00 
345.00 
418.00 
544.00 
606.00 
722.00 
0.00 

200 
180 
160 
140 
120 
100 
80 
60 
40 
20 

0.580 
0.574 
0.574 
0.581 
0.600 
O.636 
O.703 
0.833 
1.117 
2.024 

0.00 
516.88 

8,819.67 
17,583.86 
24,833.99 
26,584.38 
30,603.30 
30,271.97 
32,267.65 

0.00 

0.00 
103.38 
91.87 
81.41 
71.98 
63.60 
56.26 
49.95 
44.69 
0.00 

0.00 
5.00 
30.00 
78.00 
176.00 
335.00 
433.00 
537.00 
581.00 
0.00 

Totals 2,952.00 171,481.70 103.38 2,175.00 

Post-Retrofit Chiller w/Cooling Tower 
Nora. Eft J 0.571 

Nom. Tons J 200 
nora kw' 114.2 

Outdoor DB Operating Hours Efficiency Annual Energy Peak Demand Operating 
Temperature (F) per year (TMY) Tons Output (kW/Ton) Use (kWh/year), Hours per year 

(TMY) (kW) (Actual) 

112 
107 
102 
97 
92 
87 
82 
77 
72 
67 

0.00 
5.00 

96.00 
216.00 
345.00 
418.00 
5,44.00 
606.00 
722.00 
0.00 

200 
180 
160 
140 
120 
100 
80 
60 
40 
20 

0.521 
0.516 
0.516 
0.523 
0.541 
0.577 
0.645 
0.774 
1.059 
1.965 

0.00 
464.14 

7,919.57 
15,811.80 
22,407.95 
24,134.90 
28,053.03 
28,141.27 
30,575.28 

0.00 

0.00 
92.83 
82.50 
73.20 
64.95 
57.74 
51.57 
46.4,4 
42.35 
0.00 

0.00 
5.00 

30.00 
78.00 
176.00 
335.00 
433.00 
537.00 
581.00 
0.00 

Totals 2,952.00 157,507.94 92.83 2,175.00 



Site 2386: Inputs to Model 
Parameter I Value Reported I Units of Parameter I Notes 

ci b, 
Climate Zone 

Pre-Retrofit Nominal Chiller Capacity 
Pre-Retrofit Nominal Chiller Efficiency 
Post-Retrofit Nominal Chiller Capacity 
Post-Retrofit Nominal Chiller Efficiency 

Baseline Chiller Efficiency 

Pre-Retrofit Cooling Tower Approach Temperature 
Post-Retrofit Coolin~ Tower Approach Temperature 

Fairfield 

Chiller Startup OSA Temperature 
Chiller Max Load OSA Temperature 

12 
200 

0.800 
200 

0.571 
0.837 

Tons 
kW/ton 
Tons 

kW/ton 
kWlton 

10.0 
4.14 F 

Application 
Estimated 

Application 
From Chiller Rating Sheet 

Title 24 Nominal Efficiency for Chiller >= 150 Tons and < 300 Tons 

Application 
Application 

Chiller AM Lockout 0:00 AM Contact provided schedule 
Chiller PM Lockout 0:00 PM Contact provided schedule 

68 F 

100 
47 
87 

7/31/97 

Chilled Water Supply Temperature Setpoint 
Condenser Water Temperature Setpoint 

Date of Chiller Installation 
Date at Run Hour Readi~ 

Number of Days Chiller Operated days 
hours Run Hours for Chiller 

10/31/99 
822 
5366 

Average Hours per Year of Chiller Operation 2382.71 Hours/Year 

5420.00 hours Predicted Run Hours Since Install Using Actual Weather & Setpoints 
2175.00 Hours/Year 

Contact provided estimate 
Contact provided estimate 
Contact provided setpoints 
Contact provided setpoints 
Contact provided estimate 

Chiller Log 
= ((Read Date - Install Date) * 5 / 7 1  - 10 Holidays 

Documented from Chiller Log 
= {Run Hours for New Chiller / Number of Days Chiller Operated} * 365 Days/Year * 5/7 

Based on setpoints and actual weather data; See Weather Data Spreadsheet for Detail., 
Based on setpoints and actual weather data; See Weather Data Spreadsheet for Detail., 



Site 2386: Post-Retrofit Chiller 
Centrifugal Chiller (Water-Source) a 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

Post-RetrofitChiller 
Nom. Eff 
Nom. Tons 
nom kw 

b c d e f 
i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

,, !,, .I o.oooo    1 .o.ooooo,,, t 
: o.,,o,.,,! .o.=,.,~, / o.,6o,o,,, I 1 1 " 
; 0.66625403; 0.000685841 0 00028498} -0.0034.1677j 0.000254841 -0.00048195 

0.571 
200 

114.2 

Outdoor 
DB 

Temperat 
ure 

Current Data 

Condenser 
Tons Output Temp Supply temp 

Calculated Values 

Part Load Ambient 
Current 

Capacity Part Load Ratio Adjustment to Adjustment to 
EIR EIR 

Efficiency 

EIR COP kW/Ton 

112 200 87 47 209 1.000 1.03 0.99 0.1649 6.07 0.580 
107 180 87 47 209 0.900 0.92 0.99 0.1633 6.12 0.574 
102 160 87 47 209 0.800 0.81 0.99 0.1633 6.12 0.574 
97 140 87 47 209 0.700 0.72 0.99 0.1654 6.05 0.581 
92 120 87 47 209 0.600 0.64 0.99 0.1706 5.86 0.600 
87 100 87 47 209 0.500 0.56 0.99 0.1809 5.53 0.636 
82 80 87 47 209 0.400 0.50 0,99 0.2000 5.00 0.703 
77 60 87 47 209 0.300 0.44 0.99 0.2368 4.22 0.833 
72 40 87 47 209 0.200 0.40 0.99 0.3178 3.15 1.117 
67 20 87 47 209 0.100 0.36 0.99 0.5755 1.74 2.024 

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) 

~ - ~  ~ I ~ l l ~ i e m a n ! i e D i !  , ~ , ~  I I , i l  
.o.0o,,5,6 4 .oooooo,,, I 

]E~.~LLR ............. ~ .............................. V ............. o..]]o~.s~_3] ........... o:~]~54=?_~ .............. o:.4~o7o.8.~ ! ................................................................................................................................ ~ ,.J .] 

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 
Centrifugal Chiller (Water-Source) a 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

Post-RetrofitChiller 
Nom. Eff 
Nom. Tons 
nom kw 

b c d e 

; o  o72,,] ............. i ................. ....... 
i 0.33018833] 0.235542911 0.46070828 t -I " 

i 0 66625403] 0 00068584 0 0002849_8,[ -0 00341677 0 00025484 -0 00048195! 
, . • I .__: ............... : . . . . .  [ . 

0.837 
200.000 

167.428571 

Outdoor 
DB 

Temperat 
ure 

Current Data 

Condenser 
Tons Output Temp Supply temp 

Calculated Values 

Part Load Ambient 
Current 
Capacity Part Load Ratio Adjustment to Adjustment to 

EIR EIR 

Efficiency 

EIR COP kW/Ton 

112 200 87 47 209 1.000 1.03 0.99 0.2417 4.14 0.850 
107 180 87 47 209 0.900 0.92 0.99 0.2395 4.18 0.842 
102 160 87 47 209 0.800 0.81 0.99 0.2394 4.18 0.842 
97 140 87 47 209 0.700 0.72 0.99 0.2425 4.12 0.853 
92 120 87 47 209 0.600 0.64 0.99 0.2501 4.00 0.879 
87 100 87 47 209 0.500 0.56 0.99 0.2652 3.77 0.932 
82 80 87 47 209 0.400 0.50 0.99 0.2932 3.41 1.031 
77 60 87 47 209 0.300 0.44 0.99 0.3.472 2.88 1.221 
72 40 87 47 209 0.200 0.40 0.99 0.4659 2.15 1.638 
67 20 87 47 209 0.100 0.36 0.99 0.8.438 1.19 2.967 

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 - 

CAPFT ! 0 .58531422  0,015395931 0.00007296~ -0.002124621 -0,00000715 -0,00004597 

;EIRFPLK i 0 33018833 0 235542911 0 460708281 ..] ~ - 
: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .~ . . . . . . . . . . . . . . . .  Z . . . . . . . . . . . . . . . .  I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  t . . . . . . . . . . . . . .  : . . . . . . . . . . . . .  1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  J 

Central Plant Cooling Equipment) 

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. 

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). 



Site 2386: Pre-Retrofit Chiller 
Centrifugal Chiller (Water-Source) a 
Capacity Correction (Tout, Tin) ! ..... 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

b c d e f 
.......... ;~;~;;,~22 r-o:;i;~9~;;I ~:0~0o7~% ~ ~0oo~,~;~-~i i i i i~; i i~i ,  I - ~ ; ; ~ 2  

o,o , , , , i  o~,,,~9, i ; , ~ o , i , j  .ooo3,,,71 o~2,4,~ . o ~ , , 9 ;  0.66625403 i 0.0006S584 / o.oo02s498] 

Post-Retrofit Chiller 
Nom. Eft 0.8 
Nom. Tons 200 
nom kw 160 

Current Data Calculated Values Efficiency 
Outdoor 

Part Load Ambient 
DB Condenser Current 

Temperat Tons Output Temp Supply teml: Capacity Part Load Ratio Adjustment to Adjustment to EIR COP 
EIR EIR 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 0.640 
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 

kW/'l'on 

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) 

I ~ .  I t l  :., ~i . . . . .  ,, . i • - r l -  
i ~  0-,,,,,21 00,,,9,9, 00000,2~[ .ooo=,~4,,j .°°00007,; .00000~,97 
iE~-~ i 0~5 ,03  0.0~8~8, 0000~,  I .0003,~,7.~ 0000~,~ .0000~8,~ 
iE[P..FPLR i 0.330188331 0.235542911 0.46070828J .TJ " " 

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-F-I" = 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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Boiler Replacement (Site 2387) 

Prosram 
Measure 
Site Description 

I Retrofit Efficiency Options Program 
Hish Efficiency Gas Boiler for Space Heatin8 
Community Service 

Measure Description 

Summary of Ex Ante 
Impact Calculations 

Comments on PG&E 
Calculations 

Evaluation Process 

Additional Notes 

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. 

Impact Results 

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 
Measure 
Site Description 

Advanced Performance Options Program 
Plate and Frame Heat Exchanger 
CoHege 

Measure Description 

Summary of Ex Ante 
Impact Calculations 

Comments on PG&E 
Calculations 

Evaluation Process 

Additional Notes 

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. 

Impact Results 

KW 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 
HX Approach 
Free Cool Flow 
Campus Return 
Campus Differential 
Indoor set point 
base cool load 
Mech Cooling kW 
Free Cooling kW 
required wbt 

Min Allowable TES tonhr Capacity 
Chiller Temp 
Chiller Flow 
Initial TES tonhrs 
Initial Remaining gallons 
Initial total gallons withdrawn 
Initial TES Temperature 

3 
2 

1500 
57 

7 
72 

330 
628 
198 
45 

8000 
39 

1100 
7670 

612976 
1024924 

39 

Primary CW Pumps Running = 
Cooling Tower Pumps Running = 
Cooling Tower Fans Running = 

Chillers Running = 

Mech 
1 
1 
1 
1 

Free 
1 
1 
2 
0 



Site 2404 Free Cooling 

Table 3 
Energy Cost Savings for the Free Cooling Project at UC Fresno 

Month 

Nov 

Dec 

Jan 

Feb 

Mar 

Total 

ENERGY CONSUMPTION COMPARISON ENERGY COST SAVINGS 

Energy Consumption - Mech. Cooling 

Off-Peak Pa~ialPeak 
(kWhr) (kWhr) Total(kWhr) 

71,087 100,010 171,097 

77,869 109,017 186,886 

77,869 109,017 186,886 

70,333 98,467 168,800 

67,821 95,695 163,516 

364,980 512,205 877,185 

Energy Consumption - Free Cooling 

Off-Peak Pa~ial Peak 
Total(kWhrl 

(kWhO (kWhr) 

63,754 68,345 132,100 

34,183 33,647 67,830 

37,762 50,440 88,202 

53,369 45,908 99,277 

54,647 61,882 116,528 

243,715 260,223 503,937 

Energy 
Savings - Free 

Cooling 

Total (kWhr) 

38,998 

119,055 

98,684 

69,523 

46,988 

373,248 

Mechanical Free Cost 
Cooling Cooling Savings 

Total ($) Total ($) Total ($) 

$8,307 $6,333 $1,974 

$9,071 $2,974 $6,097 

$9,071 $4,091 $4,980 

$8,193 $4,574 $3,619 

$7,940 $5,537 $2,403 

$42,582 $23,509 $19,073 

Assumptions: 
Off-Peak TES Charging Only = 
Off & Partial Peak TES Charging = 
Max WBT for Free Cooling = 

no 
yes 
45 



Site 2404 Free Cooling 

Table 2. Daily Winter Cooling Profiles and Energy Consumption 

Assumptions: 
Free Cool ing Mode = yes Pnmaty CW Pumps Running = 1 
Off-Peek TES Charging Orlly = no Cooling Tower Pumps Running = 1 
Off & Partial Peak TES Charging = yes Cooling Tower Fans Running = 2 
Max WBT for Free Coolln~l = 45 Chil le~ Running = 0 

Free Cooling Campus TES TES Off-Peak Off-Peek Free 
Day Availability Cooling Free Cooling Cape.city Chiller/Aux 

(tonhrs) Load Used (tonhrs) ~tonnrs) Tamp (F) (kWhr) Coohng (kWhr) 
(tonhrs) 

Partial Peak Partial Peak 
ChiflerlAux Free Cooling Total (kWhr) 

(kWhr) (kWhr) 

2 ~ O ~  
29-O~ 
3 ~ O =  
31-O~ 
1-Nov 0 7920 0 12574 39 O 0 0 O 0 
2-Nov 2438 7920 2437 7732 42 488 992 0 0 1480 
~Nov 1750 7920 1749 7735 42 1496 794 3201 0 5492 
4-Nov 3625 7920 3824 7755 44 997 1191 2285 199 4671 
~Nov 2188 7920 2187 8253 45 1745 595 2996 397 5734 
6-Nov 5438 7920 5435 7997 46 244 1786 1447 198 3676 
7-Nov 3313 7920 3311 7782 45 752 1389 2590 0 4731 
~Nev 0 7920 0 7721 42 2491 0 3491 0 5982 
9-Nov • 8250 7920 8247 9372 48 250 1786 751 1191 3977 

10-Nov 5125 7920 5063 7801 48 769 1389 205 175 2538 
11-Nov 0 7920 0 7729 42 2485 0 3489 0 5974 
12-Nov 4250 7920 4248 7925 44 748 1389 2192 188 4528 
13-Nov 6375 7920 6372 7771 45 701 1389 354 595 3040 
14-Nov 5813 7920 5810 7779 45 712 1389 894 595 3591 
l ~ N o v  4625 7920 4623 7785 45 1073 992 1438 794 4296 
16-Nov 0 7920 0 7725 42 2493 0 3490 0 5983 
17.Nov 438 7920 437 7801 41 2250 198 3503 0 5951 
I~Nov  4875 7920 4873 7883 44 488 1588 1864 198 4148 
19-Nov 7250 7920 7247 8133 46 147 1786 565 595 3093 
2~Nov 7375 7920 7372 8179 46 338 1786 107 397 2628 
21-Nov 5875 7920 5873 7903 46 482 1588 861 198 3129 
22-Nov 2513 7920 2811 7772 44 747 992 3039 168 4977 
23-Nov 0 7920 0 7715 41 2493 0 3493 0 5986 
24-Nov 0 7920 O 7688 40 2502 0 3505 0 6008 
2~Nov 5000 7920 4998 7956 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 
2~Nov 0 7920 0 7689 40 2502 0 3505 0 6007 
29-Nov 3875 7920 3673 7753 43 924 1191 2201 397 4713 
30-Nov 0 7920 0 7705 41 2496 0 3497 0 5992 

1-Dec 0 7920 0 7684 40 2504 0 3508 0 6012 
2-Dec 4688 7920 4686 7755 44 747 1389 1765 397 4298 
~Dec 1813 7920 1812 8535 43 1745 595 3496 O 5837 
4.Dec 1750,0 7920 13386 14019 44 0 1637 0 1831 3468 
5-Dec 18750 7920 7766 13873 45 0 830 0 1142 1973 
6-Dec 19938 7920 8325 14288 44 0 833 0 1156 1989 
7-Dec 20813 7920 8231 14610 44 0 798 0 1080 1878 
8-Dec 16125 7920 6649 13348 45 0 811 0 1110 1921 
9-Oec 15063 7920 7011 12446 46 0 905 0 1304 2209 

lO-Oec 15375 7920 8878 13215 45 0 1229 0 732 1961 
11-Dec 14250 7920 7815 13119 45 0 1274 0 602 1877 
12-Dec 15313 7920 8196 13405 45 0 1071 0 1076 2147 
l ~ D e c  7938 7920 3,426 8914 45 0 603 0 168 771 
14-Dec 8125 7920 8122 9,565 46 0 1788 335 992 3113 
15.Dec 12125 7920 10580 12238 46 0 1951 0 86,4 2814 
16-Dec 110(30 7920 6803 11129 46 0 1303 0 664 1967 
17-Dec 8250 7920 5649 8884 47 0 1540 0 188 1728 
18-Dec 10125 7920 9328 10282 46 0 1985 0 604 2588 
19-Dec 18375 7920 10669 13044 45 0 1441 0 1389 2830 
20--Dec 28688 7920 11383 16502 42 0 816 0 1058 1875 
21-Dec 32813 7920 10832 19427 40 0 672 0 901 1573 
22-Dec 36813 7920 10474 21994 37 0 577 0 775 1352 
2~Oec 33938 7920 8859 22944 37 0 524 0 716 1241 
24-Dec 31563 7920 8011 23045 36 0 508 0 699 1208 
2~Oec 27375 7920 70e9 22202 37 0 515 0 716 1231 
26-Dec 25625 7920 6889 21179 38 0 536 0 746 1282 
27-Dec 23813 7920 6718 19985 39 0 562 0 783 1346 
28-Dec 20063 7920 6296 18367 41 0 599 0 829 1429 
29-Dec 19875 7920 6710 17165 42 O 648 0 894 15,42 
3~Dec 15250 7920 5950 15202 43 0 701 0 985 1665 
31-Dec 5313 7920 2101 9384 44 0 5,45 0 161 706 

1-Jan 6813 7920 6810 10033 46 284 794 1049 1598 3714 
2-Jan 18563 7920 10295 12421 46 0 1597 0 1250 2847 
3-Jan 19125 7920 8676 13187 45 0 915 0 1242 2157 
4-Jan 20938 7920 8935 14213 44 0 881 0 1170 2031 
~Jan 22813 7920 9073 15377 43 0 801 0 1091 1892 
6-Jan 24875 7920 9046 16514 42 0 738 0 992 1727 
7-Jan 24313 7920 8492 17097 42 O 699 0 964 1663 
8~an 24875 7920 8450 17637 41 0 678 O 941 1619 
9-Jan 26500 7920 8667 18395 41 0 655 0 903 1558 

l ~ J a n  27375 7920 8511 18997 40 0 626 0 852 1478 
11-Jan 24438 7920 7552 18637 40 O 619 0 853 1472 
12Van 23625 7920 7414 18140 41 0 630 0 864 1495 
13-Jan 20375 7920 6799 17028 42 0 655 0 903 1559 
14-Jan 17438 7920 6753 15869 43 0 693 0 931 1624 
15-Jan 7500 7920 2821 10772 43 0 519 O 303 822 
18-Jan 0 7920 0 7721 42 749 0 2957 0 3707 
17-Jan 0 7920 0 7690 40 2501 0 3504 0 6005 
l ~ J a n  0 7920 0 7678 39 2507 0 3512 0 8019 
19-Jan 0 7920 0 7673 39 2510 0 3515 O 6025 



Site 2404 Free Coohng 

T a b l e  2. Da i l y  W i n t e r  C o o l i n g  Pro f i l es  a n d  E n e r g y  C o n s u m p t i o n  

Assump~ons: 
Free Cooling Mode = 
Off-Peak TES Charging Only = 
Off & Partial Peak TES Charging = 
Max WBT for Free Cooling = 

Free Cooling Campus 
Day Availabi[ity Cooling 

Load 
(tonhrs) (tonhrs) 

yes Pdmary CW Pumps Running = 1 
no Cooling Tower Pumps Running = 1 
yes Cooling Tower Fans Running = 2 
45 Chillem Running = 0 

Free Cooling TES TES Off-Peak Partial Peak Partial Peak 
Capacity Tamp (F) Chiller/Aux Off-Peak Free 

Used (tonhrs) (tonhrs) (kW11r) Cooling (kWhr) Ch]iler/AUX(kWhr) Free Cooting(kW1,1r) Total (kWhr) 

20-Jan 0 7920 
21-Jan 938 7920 
22-Jan 6125 7920 
2~Jan 3500 7920 
24-Jan 12125 7920 
25-Jan 21063 7920 
26-Jan 14875 7920 
27-Jan 18563 7920 
28-Jan 18250 7920 
29-Jan 14500 7920 
30-Jan 12125 7920 
31-Jan 6813 7920 
1-Fob .12938 7920 
2-Feb 13688 7920 
~Feb 9.583 7920 
4.Feb 8313 7920 
5-Feb 7875 7920 
6-Feb 4875 7920 
7-Feb 0 7920 
8-Feb 0 7920 
9-Feb 8888 7920 

l~Feb 20563 7920 
11-Feb 19813 7920 
12-Feb 15438 7920 
l~Feb 8188 7920 
14-Feb 4938 7920 
15-Feb 6875 7920 
16-Feb 3438 7920 
17-Feb 0 7920 
18-Feb O 7920 
19-Feb 5563 7920 
20-Feb 5938 7920 
21-Feb 9813 7920 
22-Feb 8500 7920 
23-Feb 7375 7920 
24-Feb 4813 7920 
25-Feb 938 7920 
2~Feb 6750 7920 
27-Feb 4063 7920 
28-Feb 4375 7820 

1-Mar 0 7920 
2-Mar 1875 8311 
~Mar 938 7920 
4-Mar 14375 7920 
5-Mar 10938 7920 
6-Mar 7688 7920 
7-Mar 10625 7920 
~Mar 6375 7920 
~Mar 7875 7920 

10.Mar 15125 7920 
11 .Mar 9375 7920 
12-Mar 7688 7920 
13-Mar 5875 8507 
lCMar 5438 7920 
15-Mar 6625 7920 
16-Mar 4000 7920 
17-Mar 4088 7920 
18-Mar 1313 7920 
l~Mar  875 7920 
2~Mar 1750 7920 
21-Mar 3625 7920 
22-Mar 3438 7920 
23-Mar 0 7920 
24-Mar 1938 7920 
2~Mar 0 7920 
28.Mar 0 7920 
27-Mar 6938 7920 
2~Mar 
29-Mar 
30-Mar 
31.Mar 

1 -Apr 
2-Apt 
~Apr 
4-Apr 
5-Apr 
6-Apr 
7-Apr 
8-Apr 

0 7671 39 2511 O 3516 0 6027 
937 7949 42 2009 397 3516 0 5923 

6123 7766 44 741 1389 482 595 3207 
3499 8088 46 498 1588 3109 0 5195 

10308 11103 47 468 1103 0 2404 3974 
10177 13373 45 0 994 0 13t5 2308 
6717 12177 46 0 893 0 1262 2155 
8750 13018 45 0 9.40 0 1307 2247 
8361 13469 45 O 869 O 1149 2019 
7975 13534 45 0 1188 0 800 1988 
6634 12255 48 0 880 0 1206 2086 
4359 8898 47 0 1264 0 395 1659 

11065 11857 48 O 1985 O 1013 2997 
8095 12042 46 0 1312 0 840 2152 
5517 9646 46 O 1326 O 271 1597 
70EL7 8801 47 0 1955 0 391 2346 
7184 8266 47 0 1985 147 362 2493 
4873 7813 46 768 1389 1205 397 3757 

0 7736 42 2483 0 3487 0 5970 
0 7697 40 2498 0 3501 O 5999 

8684 12422 44 1753 595 1253 1786 5388 
10825 15341 43 0 1362 0 1035 2396 
7527 14957 44 0 702 0 1047 1809 
6464 13509 45 0 797 0 1100 1897 
3528 9120 45 O 602 0 253 855 
4936 8121 46 247 1588 1261 198 3293 
6872 7770 45 524 1389 0 595 2508 
3436 7776 45 1018 1191 2397 198 4804 

O 7718 42 2493 0 3492 0 5985 
O 7689 40 2502 O 3505 0 8006 

5560 8108 45 747 1389 1364 794 4293 
5935 7781 45 752 1389 505 397 3043 
9809 10008 48 248 1786 0 1985 4018 
5200 7932 47 486 1071 0 306 1863 
7372 7970 48 440 1588 0 595 2622 
4811 7783 45 744 1389 1476 198 3808 
937 8005 44 1992 397 3490 0 5880 

6747 7779 45 715 1389 0 794 2898 
4061 7789 44 1003 1191 1924 198 4316 
4373 7770 44 748 1389 1950 198 4284 

0 7715 41 2493 O 3493 0 5986 
1874 7727 42 1749 595 3158 198 5701 
937 7973 42 1999 397 3503 0 5898 

11879 11947 46 0 1680 O 2201 3881 
6663 10698 47 0 1266 0 872 2138 
5378 8514 48 O 1458 268 517 2243 
9609 10214 48 0 1901 0 1328 3229 
3554 7805 46 751 780 735 218 2482 
7872 10468 46 107t 992 986 1786 4835 
8978 11538 47 0 1330 0 1304 2835 
6030 9654 47 O 1299 0 895 1994 
5976 8111 47 300 1537 O 198 2034 
5873 8177 46 215 1786 1836 198 4035 
5435 7890 46 504 1588 1164 198 345,4 
0622 8433 47 0 1985 1395 784 4173 
3932 7766 47 846 1389 1879 367 4280 
4886 7786 45 748 1389 1725 198 4061 
1312 7750 43 1743 595 3259 0 5597 
875 7922 43 1996 397 3497 O 5890 

1749 7841 43 1109 794 3524 0 5427 
3624 7746 43 905 1191 2290 0 4388 
3,436 7760 44 996 1191 2424 198 4809 

0 7709 41 2495 O 3495 0 5990 
1937 7728 42 1499 794 3066 0 5359 

0 7692 40 2500 0 3503 0 6003 
0 7878 39 2507 O 3511 0 6018 

6935 8554 46 502 1588 908 992 3990 
0 

Total 1.411,875 1,165,218 782,540 1,572,971 105,223 139,492 176,263 83,960 503,937 



Site 2404 Free Cooling 

Table 2. Daily Winter Cooling Profiles and Energy Consumption 

Assumptions: 
Free Cooling Mode = yes Pdmory CW Pumps Running = 1 
Off-Peak TES Charging Only = no Cooting Tower Pumps Running = 1 
Off & Partial Peak TES Charging = yes Cooling Tower Fans Running = 2 
Max Wt3T for Free Cooling = 45 Chil lers Running = 0 

Free Cooling Campus TES TES Off-Peak Off-Peak Free Panel Peek Partial Peak 
Day Availability Cooling Free Cooling Capacity Chiilar/Aux ChillerlAux Free Cooling Total (kWhr) 

(tonhrs) Load Used (tonhrs) (tonhre) Tamp (F) (kWhr) Cooling (kWhr) (kWhr) (kWhr) 
(tonhrs) 

MONTHLY TOTALS 
Nov 96,063 237,600 95,964 241,086 43 38,567 27,18B 81,423 8,922 132,100 
Dec 538,688 245,520 228,400 4,47,727 43 4,996 29,187 9,104 24,543 87,830 
Jan 436,438 245.520 192,134 394,178 43 14,779 22,983 25,160 25.280 88,202 
Feb 203,313 221,760 150,879 259,189 45 22,153 31,215 30.956 14,952 99,277 
Mar 139,375 214,818 115,164 230,783 45 28,727 27,920 49,619 12,263 118,528 

Tots1 1,411,875 1,185,218 782.540 1,572,971 44 105.223 138.492 176.263 83.960 503.937 



site 2404 No Free Cooling 

T a b l e  2 .  D a i l y  W i n t e r  C o o l i n g  P r o f i l e s  a n d  E n e r g y  C o n s u m p t i o n  

Assumptions: 
Free Cool ing Mode = no PdrnaP/CW Pumps Running = 1 
Off-Peak TES Charging Only = no Coo[in 9 Tower Pumps Running = 1 
Off & Partial Peak TES Charging = yes Cooling Tower Fans Running = 1 
Max WBT for Free Cooling = 45 Chillers Runnin~ = 1 

Campus TES TES Off-Peak Off-Peak Free Free Cooling Cooling Free Cooling 
Day Availability Load Used (tanhm) C.apadtt~ Tamp (F) Chiller/Aux . 

(tonhrs] (tonhrs) (mnnrs) (kW'hr) Cooling (kWhr) 

Partial Peak 
ChillerlAux 

(kW11r) 

Partial Peak 
Free Cooling Total (kW'hr) 

(kV~r) 

28-Oct 
29-O~ 
30-O~ 
31-O~ 
1-Nov O 7920 0 12574 39 0 O O 0 0 
2-Nov 0 7920 0 7670 39 754 0 1544 0 2297 
3-Nov 0 7920 0 7670 39 2512 0 3517 0 6029 
4-Nov 0 7920 O 7670 39 2512 0 3517 0 6029 
5-Nov 0 7920 0 7670 39 2512 0 3517 0 6929 
6-Nov O 7920 O 7670 39 2512 0 3517 O 6029 
7-Nov 0 7920 0 7670 39 2512 O 3517 0 6029 
8-Nov 0 7920 0 7670 39 2512 0 3517 0 8029 
9-Nov 0 7920 0 7670 39 2512 0 3517 0 6029 

I ~ N o v  0 7920 0 7670 39 2512 0 3517 0 6029 
11-Nov 0 7929 0 7670 39 2512 0 3517 0 6029 
12-Nov 0 7920 0 7670 39 2512 0 3517 0 6029 
l ~ N o v  0 7920 O 7670 39 2512 0 3517 O 6029 
14-Nov 0 7920 0 7670 39 2512 0 3517 0 6029 
l ~ N o v  0 7920 0 7670 39 2512 0 3517 0 6029 
16-Nov 0 7920 0 7670 39 2512 0 3517 0 6029 
17-Nov O 7920 O 7670 39 2512 0 3517 0 6929 
18-Nov 0 7920 0 7870 39 2512 0 3517 0 6029 
19-Nov 0 7920 0 7670 39 2512 0 3517 0 6029 
20-Nov 0 7920 0 7670 39 2512 0 3517 0 6029 
21-Nov 0 7920 0 7670 39 2512 0 3517 0 6029 
22-Nov 0 7920 0 7670 39 2512 0 3517 0 8029 
23-Nov 0 7920 0 7670 39 2512 0 3517 0 6029 
24-Nov 0 7920 0 7670 39 2512 0 3517 0 6029 
25-Nov 0 7920 0 7670 39 2512 0 3517 0 6029 
26-Nov 0 7920 0 7670 39 2512 0 3517 0 6029 
27-Nov 0 7920 0 7670 39 2512 0 3517 0 6029 
28-Nov 0 7920 0 7670 39 2512 O 3517 0 6029 
29-Nov 0 7920 0 7670 39 2512 0 3517 0 6029 
3~Nov 0 7920 0 7670 39 2512 0 3517 0 6029 

1-Dec 0 7920 0 7670 39 2512 0 3517 0 6029 
2-Dec 0 7920 0 7670 39 2512 0 3517 0 6029 
~Dec 0 7920 0 7670 39 2512 0 3517 0 6029 
4-Dec 0 7920 0 7670 39 2512 O 3517 0 6029 
5-Dec 0 7920 0 7670 39 2512 0 3517 0 6029 
6-Dec 0 7920 O 7670 39 2512 O 3517 0 6029 
7-Dec 0 7920 0 7670 39 2512 0 3517 O 6029 
8-Dec 0 7920 O 7670 39 2512 0 3517 0 6029 
9-Dec 0 7920 0 7670 39 2512 0 3517 0 6029 

10-Dec 0 7920 0 7670 39 2512 0 3517 0 6029 
11-Dec 0 7920 0 7670 39 2512 0 3517 0 6029 
12-Dec 0 7920 0 7670 39 2512 0 3517 0 6029 
l ~ D e c  O 7920 O 7670 39 2512 O 3517 0 6029 
14-Dec 0 7920 0 7670 39 2512 0 3517 0 6029 
15-Dec 0 7920 O 7670 39 2512 O 3517 0 6029 
16-Dec 0 7920 0 7670 39 2512 0 3517 0 6029 
17-Dec O 7920 0 7670 39 2512 0 3517 0 6029 
18-Dec 0 7920 0 7670 39 2512 0 3517 O 6029 
19-Dec O 7920 0 7870 39 2512 0 3517 0 6029 
2~Dec 0 7920 0 7670 39 2512 0 3517 0 6029 
21-Dec 0 7920 0 7670 39 2512 0 3517 0 6029 
22-Dec 0 7920 0 7670 39 2512 0 3517 0 6029 
23-Dec 0 7920 0 7670 39 2512 0 3517 0 6029 
24-Dec 0 7920 0 7670 39 2512 0 3517 0 6029 
2~Dec 0 7920 0 7670 39 2512 0 3517 0 6029 
26-Dec O 7920 0 7670 39 2512 0 3517 0 6029 
27-Dec 0 7920 0 7670 39 2512 0 3517 0 6029 
28-Dec o 7920 0 7670 39 2512 0 3517 0 6029 
2~Dec 0 7920 0 7670 39 2512 0 3517 0 6029 
3~Dec 0 7920 0 7670 39 2512 0 3517 0 8029 
31-Dec 0 7920 0 7670 39 2512 0 3517 0 6029 

1-Jan 0 7920 0 7670 39 2512 0 3517 0 6029 
2-Jan 0 7920 0 7670 39 2512 0 3517 0 6029 
3-Jan 0 7920 0 7670 39 2512 0 3517 O 6029 
4=Jan 0 7920 O 7670 39 2512 O 3517 O 6029 
5-Jan 0 7920 0 7670 39 2512 0 3517 0 6029 
6-Jan 0 7920 0 7670 39 2512 0 3517 0 6029 
7-Jan 0 7920 0 7670 39 2512 0 3517 0 6020 
~Jan 0 7920 0 7670 39 2512 0 3517 0 6029 
9-Jan 0 7920 0 7670 39 2512 0 3517 0 6029 

10-Jan 0 7920 0 7670 39 2512 0 3517 0 6029 
11-Jan 0 7920 0 7670 39 2512 0 3517 0 8029 
12-Jan 0 7920 0 7670 39 2512 0 3517 0 6029 
l ~ J a n  0 7920 0 7670 39 2512 0 3517 0 6029 
l ~ J a n  0 7920 0 7670 39 2512 0 3517 0 6029 
15-Jan 0 7920 0 7670 39 2512 0 3517 0 6029 
16-Jan 0 7920 0 7670 39 2512 0 3517 0 6029 
17-Jan 0 7920 0 7670 39 2512 O 3517 0 6029 
18-Jan 0 7920 0 7670 39 2512 0 3517 0 6029 
19-Jan 0 7920 0 7670 39 2512 0 3517 0 6029 



Site 2404 No Free Cooling 

Table 2. Daily Winter Cooling Profiles and Energy Consumption 

Assumptions: 
Free Cool ing Mode = 
Off-Peak TES ChargLng Only = 
Off & Partial Peak TES Charging = 
Max WBT for Free Coolin B = 

Free Cooling Campus 
Day Availability Cooling 

Load 
(tonhrs) (tonhrs) 

no Primary CW Pumps Running = 1 
no Cooling Tower Pumpi  Running = 1 
yes Cooling Tower Fans Running = 1 
45 Chillers Runnin~l = 1 

Partial Peak Free Cooling TES TES Off-Peak Off-Peak Free 
Capacity _ ._ Chiller/Aux Cooling (kWhr) Chiller/Aux 

Used (tonhr=) (tonhrs) / e m p  (I-} (kWhr) (kWhr) 

Partial Peak 
Free Cooling Total (kWhr) 

{kVV~r} 

20-Jan 0 7920 
21-Jan 0 7920 
22~an 0 7920 
23-Jan 0 7920 
24-Jan 0 7920 
25-Jan 0 7920 
2G-Jan 0 7920 
27-Jan 0 7920 
28-Jan 0 7920 
29-Jan 0 7920 
30-Jan 0 7920 
31-Jan 0 7920 

1-Feb 0 7920 
2-Fob 0 7920 
3-Feb 0 7920 
4-Feb 0 7920 
~Feb 0 7920 
6-Feb 0 7920 
7-Fob O 7920 
8-Feb O 7920 
9-Feb 0 7920 

10-Feb 0 7920 
11-Feb O 7920 
12-Feb 0 7920 
13-Fob 0 7920 
14-Feb 0 7920 
15.-Feb 0 7920 
16-Feb 0 7920 
17-Fob 0 7920 
18-Fob 0 7920 
19-Feb 0 7920 
20-Feb 0 7920 
21-Feb 0 7920 
22-Feb O 7920 
23-Feb 0 7920 
24-Fob 0 7920 
25-Fob 0 7920 
26-Feb 0 7920 
27-Feb 0 7920 
28-Fob 0 7920 

1-Mar 0 7920 
2-Mar 0 8311 
3-Mar O 7920 
4-Mar 0 7920 
5-Mar 0 7920 
6,-Mar 0 7920 
7-Mar 0 7920 
8-Mar 0 7920 
~Mar  0 7920 

lO-Mer 0 7920 
11-Mar 0 7920 
12-Mar 0 7920 
13-Mar 0 8507 
14-Mar 0 7920 
15-Mar 0 7920 
16-Mar O 7920 
17-Mar 0 7920 
18-Mar 0 7920 
19-Mar 0 7920 
20-Mar 0 7920 
21-Mar 0 7920 
22-Mar 0 7920 
23-Mar 0 7920 
24-Mar 0 7920 
25-Mar 0 7920 
2B-Mar 0 7920 
27-Mar 0 7920 
28-Mar 
29-Mar 
30-Mar 
31-Mar 

1 -Apt 
2-Apr 
3*Apr 
4-Apr 
5-Apt 
6-Apr 
7.Apr 
~Apr  

0 7670 39 2512 O 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 g 6029 
0 7670 39 2512 0 3517 9 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 8 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
O 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6028 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 O 6026 
0 7670 39 2512 0 3517 0 6026 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 .6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 O 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3815 0 6326 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3963 0 6475 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7870 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7870 39 2512 0 3517 0 8029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 
O 7670 39 2512 0 3517 0 6029 
0 7670 39 2512 0 3517 0 6029 

0 

Toter 0 1.165.218 0 1,132.451 364,980 0 512,205 0 877,185 



Site 2404 No Free Cooling 

Table 2. Daily Winter Cooling Profiles and Energy Consumption 

Assumptions: 
Free Cooling Mode = no Pdmary 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 Chiltars Running = 1 

Free Cooling Campus TES Gff-Peek Partial Peak Partial Peak 
Day Availability Cooling Free Cooling Capacity TES Off-Peak Free ChillerlAux Ch[ller/Aux Free Cooling Total (kWllr) 

Load Used (tonhrs) (tonhrs) Tamp (F) (kWhr) Cooling (kVW~r) (kW1'~r) (kWhr) 
(tonhrs) (tonhrs) 

MONTHLY TOTALS 
Nov 0 237,600 0 235,015 39 71.087 0 100,010 0 171,097 
Dec 0 245,520 0 237,782 39 77,869 0 109,017 0 186,886 
Jan 0 245,520 0 237.782 39 77.869 0 109,017 0 186,886 
Feb 0 221,760 0 214,771 39 70,333 0 98.467 0 168,800 
Mar O 214,818 0 207,101 39 67,821 O 95,095 0 163,518 

Total 0 1,165,218 0 1,132,451 39 364,980 O 512,205 0 877,185 

L . . . . . .  



Install Variable Frequency Drives on Chillers (Site 2410) 

Program 
Measure 
Site Description 

Advanced Performance Options Program 
Variable Frequency Drives 
Office 

Measure Description 

Summary of Ex Ante 
Impact Calculations 

Comments on PG&E 
Calculations 

Evaluation Process 

Additional Notes 

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. 

Impact Results 

KW KWh Therm 
MDSS 65 530,960.27 0 

Adjusted 65 530,960.27 0 
En6ineerin8 I 
Engineering 1.00 1.00 N / A  

Realization Rate 



Chiller Replacement (Site 2413) 

I Program 
Measure 
Site Description 

Advanced Performance Options Program 
High Efficiency Water-Cooled Chiller 
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: 

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. 

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 

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. 

Impact Results 

KW 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 D e m a n d  Ene rgy  Demand 
M D S S  197,019.001 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 Ene rgy  Demand 

M D S S  361,962.00 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 i Demand 

i 

M D S S  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 

Energy 
Savings Impact 

MDSS 361,962 
QC 80,231 42,726 

Realization Rate 0.12 

Demand 
Savings Impact 

127 
33 
55 

1.65 

Post-Retrofit Chiller 
Nom. Elf 0.593 

Nom. Tons 300 
nom kw 177.9 

Outdoor DB Operating 
Hou~ per Tons Outpul 

Temperature (F) year (TMY) 

102 0.00 210 
97 0.00 187 
92 0.71 163 
87 20.00 140 
82 41.43 117 
77 125.00 93 

72 283.57 70 
67 490.71 47 
62 679.29 23 

Totals 1,640.71 

Efficiency 
(kw.rron) 

0.32 
0.31 
0.30 
0.30 
0.31 
0.33 
0.34 
0.40 
0.60 

Annual 
. Energy Use 
(kWh/year), 

(TMY) 
0.00 
0.00 
34.92 

828.94 
1,497.19 
3,811.23 
6,824.39 
9,172.93 
9,499.94 

Peak Demand 
(kW) 

0.00 
0.00 

48.89 
41.45 
36.14 
30.49 
24.07 
18.69 
13.99 

Operating 
Hours per year 

(Actual) 

1.00 
6.00 

20.00 
49.00 
90.00 
187.00 
306.00 
439.00 
306.00 

Annual Energy 
Use 

(kWh/year), 
(Actual) 
66.29 

343.83 
977.74 

2,030.90 
3,252.51 
5,701.61 
7,364.15 
8,206.24 
4,279.47 

31,669.54 48.89 1,404.00 32,222.74 

Title 24 Baseline Chiller 
Nom. Eft 0.748 

Nom. Tons 300 
nom kw 224.400 

Outdoor DB Operating 
Hours per 

Temperature (F) year (TMY) 

102 0.00 
97 0.00 
92 0.71 
87 20.00 

82 41.43 

77 125.00 
72 283.57 
67 490.71 
62 679.29 

Totals 1,640.71 

Tons Output 

300 

267 

233 

200 

167 

133 

100 
67 

33 

Efficiency 
(kW/Ton) 

0.44 
0.44 
0.44 
O.45 
0.47 
0.50 
0.55 
0.67 

1.03 

Annual Energy 
Use (kWh/year) 

0.00 
0.00 
73.88 

1,819.66 
3,244.76 
8,344.43 
15,658.72 
21,915.74 
23,338.68 

Peak Demand 
(kW) 

0.00 
0.00 

103.43 
90.98 
78.32 
66.76 
55.22 
44.66 
34.36 

74,395.85 103.43 

Pre-Retrofit Chiller 
Nora. Eft 1 

Nom. Tons 300 
nom kw 300 

Outdoor DB Operating 
HOU~ per Tons Output 

Temperature (F) year (Actual) 

102 1.00 300 
97 6.00 267 
92 20.00 233 
87 49.00 200 
82 90.00 167 

77 187.00 133 

72 306.00 100 

67 439.00 67 

62 591.00 33 

Totals 1689.00 

Efficiency 
(kW/Ton) 

0.59 

0.59 

0.59 

0.61 

0.63 

0.67 

0.74 

0.90 

1.38 

Annual 
Energy Use 
(kWh/year) 

175.54 
939.37 

2,765.53 
5,960.11 
9,423.73 
16,688.86 
22,589.87 

26,211.40 

27,146.23 

Peak Demand 
(kW) 

175.54 

156.56 

138.28 

121.63 

104.71 

89.25 

73.82 

59.71 

45.93 
111,900.65 175.54 



Site 2413: Inputs to Model, Bldg 177 
Parameter Value Reported ] Units of Parameter I Notes 

City San Mateo 
Climate Zone 3 

Pre-Retrofit Chiller 
Nominal Chiller Capacity 300 Tons Application 
Nominal Chiller Efficiency 1 kW/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 kW/ton DOE Baseline Run 

Setpoints and Scheduling 
Chiller AM Lockout 7:00 AM 
Chiller PM Lockout 

Chiller Startup OSA Temperature 
18:00 

60 
PM 

M-F; Contact provided schedule; After hours and weekend cooling available in 2 
hour increments by request 
Contact provided estimate 

Chiller Max Load OSA Temperature ?? 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 I 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 setp0ints provided in interview and actual weather data 



Site 2413: Post-Retrofit Chiller, Bfdg 177 
Centrifugal Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

a b c d e f 

i -0.29861976 0.02996076]- -0.00080125 I 0.01736268 : -0.00032606 r 0.00063139" 1 / J ! 0.17149273 0.58820208[ 0 23737257i -~ .i 
[ 0.5177719E - 0 . ~ 0 ~  0.00002028[ 0.00698793 i 0.00008290[ -0.00015467 

Post-Retrofit Chiller 

Nora. Eff 0.593 
Nom. Tons 300 
nom kw 177.9 

Efficiency VSD Correction Current Data Calculated Values 
Outdoor 

Part Load Ambient 
DB Condenser Current Part Load 

Adjustment Adjustment EIR COP kW/Ton 
Temperatu Tons Output Temp Supply temp Capacity Ratio to EIR to EIR 

re 

102 210 65 57 269 0.700 0.70 0.59 0.0989 10.11 0.348 0.91 0.316 
97 187 64.5 56.2 272 0.622 0.63 0.59 O.1010 9.91 0.355 0.86 0.307 
92 163 64 55.4 275 0.544 0.56 0.60 0.1039 9.63 0.365 0.82 0.299 

87 140 64 54.6 279 0.467 0.50 0.61 0.1090 9.18 0.383 0.77 0.296 
82 117 63.5 53.8 282 0.389 0.44 0.61 O.1155 8.66 0.406 0.76 0.310 
77 93 63.5 53 285 O.311 " 0.38 0.62 O.1269 7.88 0.446 0.73 0.327 
72 70 63 52.2 287 0.233 0.32 0.62 O.1452 6.89 O.511 0.67 0.344 
67 47 63 51.4 291 0.156 0.27 0.63 O.1847 5.41 0.649 0.62 0.401 
62 23 62.5 50.6 292 0.078 0.22 0.64 0.3028 3.30 1.065 0.56 0.599 

Corrected 
Scaling kW/ton for 
Ratio 

VSD 

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) 

I ~ ~ 1 t ~ I ~  - - -± '~ I ~ 1 ~ 1 ~ , ~ 1  .02986,976 00299607 ] .000080 2  i 001 36268 i 0000326061 0000  1 9 I 
FI [ 0.51777196 -0.00400363] 0.00002028i 0,00698793[ 0.00008290E -0.00015467 

[ E ~ RIF'PL'R ................................................... [" 0. '  7 ' 4 9 2 7  "'~''H ..0:588~O2.081 ........ --0":237 "3 "7~2~5 --7 ~ ..................................... :) .................................. :t .................................. : 

CAP-FT = A + (8 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 off equations: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992. 



Site 2413: Baseline Chiller, Bldg 177 
Centrifugal Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 

Part Load Efficiency (PLR) 

Temp Efficiency (Tout, Tin) 

Post-Retrofit Chiller 
Nom. Eft 
Nora. Tons 
n o ,  kw 

a b c d e f 
Fm~6~8~--gT6-- --'--b~02996076 ~mOOOBO) 2S ) 0'0] 736268 ) "0m00032606]" OmO006~ I )9 

i 0.17149273 0.S682020~ 0.237372571 "i "1 
I 

i O.S1777196 -0.00400363 0.00002028[ 0.006987931 " 0.000082901 -0.0001546~ 

0.748 
300 

224.4 

Outdoor 
DB 

Temperatu 
re 

Current Data I Calculated Values 

Part Load Ambient 
Condenser Current Part Load 

Tons Output Temp Supply temp Capacity Ratio Adjustment Adjustment 
to EIR to EIR 

Efficiency 

EIR COP kW/Ton 

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 0.6t 0.1294 7.73 0.455 
82 167 63.5 53.8 282 0.556 0.57 0.61 0.1337 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 52.2 287 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 0.111 0.24 0.64 0.2932 3.41 1.031 

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

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark H y d e , a n  October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment) 

CAPFT i -0.29861976 0.0299607~ °0.000801251 0.017362681 -0.00032606] 0.0006313(. 
EIRFF i 0.51777196 -0.00400363 0.00002028 i 0.00698793[ 0.000082901 -0.00015467 

~ i ~  . . . . . . . . . . . . . . . . . . .  6 ~ 5 - f ~ ~ ~  " ~ ~ ~  ............ E ~ ~ Y ~ Y ~ ~ 5 [  ........................................... :I ...................................... : [  ............................... 

CAP-FT = A + (8 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 + (13 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 + (13 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 177 

Centrifugal Chiller (Water-Source) a 
Capacity Correction (Tout. Tin) [ -0.29861976 
Part Load Efficiency (PLR) i. 0.17149273 
Temp Efficiency (Tout, Tin) 0.5177719E 

i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Post-Retrofit Chiller 
Nom. Eff 1 

Nora. Tons 300 
nom kw 300 

b d e f 
0.0299+0,6 -0.00080125 i 0.01736268 ! - ~ o - ~ o ~ - 8 ~ T ~ . - o ~  
o+882o2o._ o2,7,72,71 _ _ _ i '  " - ~ _  -~ i 

. . 0 . 00400 ,6 ,  0 . 000020281  0 .0069879 , !  0 . 00008290 ]  - 0 . 000154671  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . . . . . . . . . . .  t . . . . . . . . . . . . . . . . . . . . . . . . . . .  .' ........................................ # 

Outdoor 
DB 

Temperatu 
r e  

Current Data Calculated Values 

Part Load Ambient 
Condenser Current Part Load 

Adjustment Adjustment 
Tons Output Temp Supply temp Capacity Ratio to EIR to EIR 

Efficiency 

EIR COP kW,q'on 

102 300 65 57 269 1.000 1.00 0.59 0.1664 6.O1 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 0.2100 4.76 0.738 
67 67 63 51.4 291 0.222 0.31 0.63 0.2547 3.93 0.896 
62 33 62.5 50.6 292 0.111 0.24 0.64 0.3919 2.55 1.378 

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) 

[7 . . . .  ;.,.~ - . ~  r ~ - - ]  , l l m i r ~ l i ~ i m l L : L _ Z L m i  I ! I + III I 
~P,+ -0.~98+19,+ .o.00400,+,t 0.00002028: 0.00+98,93, 0.00008290i .0.00018++i1 t.!.,.~- 0.s1,719+ 0.0299+0,6 +.00080,2~ I 0.0,,,6268 t +.0003~806j 0.0006,,,9 

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 

Energy 
Savings Impact 

MDSS 197,019 
QC 56,337 34,185 

Realization Rate 0.17 

Demand 
Savings Impact 

36 
53 44 

1.22 

Post-Retrofit Chiller 
Nom. Eft I 0.613 

Nom. Tons I 350 
nom kw 214.55 

Outdoor DB Operaling 
Hours per 

Temperature (F) year (TMY) 

102 0.00 

Tons Oulput Efficiency 
(kW/Ton) 

245 0.30 

Annual 
Enemy Use 
(kWh/year), 

(TMY) 
0.00 

Peak Demand 
(kW) 

86.32 

Operating 
Hours per year 

(Actual) 

1.00 

Annual Energy 
Use 

(kWh~year), 
(Actual) 
72.32 

97 

92 
87 

82 

77 

72 
67 

62 

0.00 
0.71 
20.00 
41.43 
125.00 
283.57 
490.71 
679.29 

Totals 1,640.71 

219 
193 
166 
140 
114 
88 
61 
3.5 

0.29 
0.28 
0.28 
0.29 
0.30 
0.32 
0.37 
0.49 

0.00 
38.91 
929.58 

1,670.82 
4,302.41 
7,989.63 
11,034.78 
11,747.35 
37,713.49 

79.06 
71.90 
64.85 
57.94 
51.17 
44.56 
38.12 
31.88 

6.00 
20.00 
49.00 
90.00 
187.00 
306.00 
439.00 
306.00 

378.54 
1,089.42 
2,277.47 
3,629.72 
6,436.41 
8,621.56 
9,871.87 
5,291.86 

86.32 1,404.00 37,669.18 

Title 24 Baseline Chiller 
Nom. Eff J 0.748 

Nom. Tons I 350 
nom kw 261.800 

Outdoor DB Operating 
Temperature (F) Hours per Tons Output 

year (TMY) 

102 0.00 245 
97 0.00 219 
92 0.71 193 
87 20.00 166 
82 41.43 140 
77 125.00 114 
72 283.57 88 
67 490.71 61 
62 679.29 35 

Totals 1,640.71 

Efficiency 
(kW/1on) 

0.53 
0.53 
0.53 
0.54 
0.56 
0.59 
0.65 
0.77 
1.10 

Annual Energy 
Use (kWh/year) 

0.00 
0.00 
73.12 

1,807.90 
3,251.01 
8,356.80 
16,173.67 
23,289.62 
18,946.23 

Peak Demand 
(kW) 

130.34 
115.90 
102.37 
90.39 
78.47 
66.85 
57.04 
47.46 
38.61 

71,898.35 130.34 

Pre-Retrofit Chiller 
Nom. Eft 0.8 

Nom. Tons 350 
nom kw 280 

Outdoor DB Operating 
Hours per 

Temperature (F) 
year (Actual] 

102 1.00 
97 6.00 
92 20.00 
87 49.00 
82 90.00 
77 187.00 
72 306.00 
67 439.00 
62 591.00 

Totals 1689.00 

Tons Output Efficiency 
(kW/Ton) 

245 0.57 
219 0.57 
193 0.57 
166 0.58 
140 0.60 
114 0.63 
88 0.70 
61 0.83 
35 1.18 

Annual 
Energy Use 
(kWh/year) 

139.40 
744.49 

2,193.96 
4,714.66 
7,524.80 
13,434.37 
18,631.05 
22,262.79 
24,404.50 
94,050.01 

Peak Demand 
(kW) 

139.40 
124.08 
109.70 
96.22 
83.61 
71.84 
60.89 
50.71 
41.29 
139.40 



Site 2413: Inputs to Model, Bldg 155 
Parameter 

City 
Climate Zone 

Pre-Retrofit Chiller 

] Value Reported 
San Mateo 

3 

I Units of Parameter l Notes 

Nominal Chiller Capacity 350 Tons Application 
Nominal Chiller Efficiency 0.8 kW/ton DOE Calibration Run 

Post-Retrofit Chiller 
Nominal Chiller Capacity 
Nominal Chiller Efficiency 

350 Tons Application 
0.613 kW/ton 

Full Load Amps 296 FLA 
From Chiller Rating Sheet 

From Chiller Display 
Max kW 

Title 24 Nominal Chiller Efficiency 

Setpoints and Scheduling 
Chiller AM Lockout 
Chiller PM Lockout 

214.55 kW Calculated 
0.748 kW/ton DOE Baseline Run 

7:00 AM 
18:00 PM 

Chilled Water Supply Temperature Setpoint 

Chiller Startup OSA Temperature 60 F 
Chiller Max Load OSA Temperature ?? F Contact provided estimate 

50.6 F 

M-F; Contact provided schedule; After hours and weekend cooling available in 2 
hour increments by request 
Contact provided estimate 

Contact provided setpoints; Chiller is on Manual Operation 
Condenser Water Temperature 

Date of Chiller Installation 
Date at Run Hour Reading 

Number of Days Chiller Operated 
Run Hours for New Chiller 

Average Hours per Year of Chiller Operation 

Run Hours Since Install Using Actual Weather & Setpoints 

65 F Contact provided setpoints; Chiller is on Manual Operation 
2128198 Application 
9115199 Chiller Log 

403 days (M-F Only) Calculated 
2714 hours Chiller Log 

1756.40 Hours/Year (M-F Only) Calculated from Observed Operating Conditions 

2841.00 hours Based on schedule and setpoints provided in interview and actual weather data 
Hours per Year from Actual Weather Data Hours/Year (M-F Only) 1098.00 Based on schedule and setpoints provided in interview and actual weather data 



Site 2413: Post-Retrofit Chiller, BIdg 155 

Centrifugal Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 

Part Load Efficiency (PLR) 

Temp Efficiency (Tout, Tin) 

Post-Retrofit Chiller 

N o , .  Eff 
Nom. Tons 
nom kw 

a b c d e 
i -0.29861976 0.02996076 ) ~Tb-66~'6F~T"T--~35'~'~g-T -0.000.3260~ 0.000631391 

) 0,17149273 0.588202,.0.81" 0.23737257] i . . . .  [ 

[ 0.51777196 -0,00400363l 0.00002028[ 0.006987931 0.0000829C -0.00015467) 
........................................... ~ .................................... I ..................... ~ ....................................... ~ ..................................................................................... 

0.613 

350 
214.55 

Outdoor 

DB : 
Temperatu 

re 

Current Data 

Condenser 
Tons Output Supply temp 

Temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Adjustment to Adjustment 
Capacity Ratio EIR to EIR 

Efficiency 

EIR COP kW/Ton 

VSD Correction 

Corrected 
Scaling kW/ton for 

Ratio 
VSD 

102 245 65 58 306 0.700 0.70 0.58 0.1002 9.98 0.352 0.84 0.295 

97 219 64.6875 57.075 312 0.625 0.63 0.58 0.1028 9.73 0.361 0.80 0.288 

92 193 64.375 56.15 317 0.550 0.57 0.59 0.1062 9.41 0.373 0.76 0.283 
87 166 64.0625 55.225 322 0.475 0.50 0.60 0.1109 9.01 0.390 0.72 0.280 

82 140 63.75 54.3 327 0.400 0.44 0.61 0.1177 8.50 0.414 0.70 0.288 

77 114 63.4375 53.375 331 0.325 0.39 0.62 0.1279 7.82 0.450 0.67 0.303 

72 88 63.125 52.45 335 0.250 0.33 0.62 O.1448 6.90 0.509 0.63 0.322 
67 61 62.8125 51.525 338 0.175 0.28 0.63 0.1770 5.65 0.622 0.59 0.367 

62 35 62.5 50.6 341 0.100 0.23 0.64 0.2590 3.86 0.911 0.54 0.494 

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) 

[ ' ,~°~ I m m ~ l m m l m m m B m l m m ! m m l  
CAPFT [ -0.29861976 ~[ 0.02996076 1 -0.00080125 [ 001736268 . l -000032606 . 0 000631391 . [ 

0.51777196 i -0.00400363[ 0.00002028[ 0.00698793[ 0.0000829C -0.00015467! EIRFT , 

" ! ' i ' k ~ ! 

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 temperalure (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 155 
Centrifugal Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 

Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

Post-Retrofit Chiller 
Nom. Eff 
Nom. Tons 
nom kw 

b c d e f 
-0.29861976 0.02996076 -0.00080125 0.01736268 i ~ '00032606i  0.000631~_J 

0.17149273 0.58820208 0.23737257[ "i "!j 
0.51777196 -"0.00400363 0.00002028[ 0.00698793 [ 0.00008290i -0.00015467 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : i . . . .  ) 

0.748 

350 
261.8 

Current Data Calculated Values 

Part Load Ambient 
Condenser Current Part Load 

Adjustment Adjustment 
Tons Output Temp Supply temp Capacity Ratio to EIR to EIR 

Outdoor 
DB 

Temperatu 
re 

Efficiency 

EIR COP kw.rron 

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 54.6 347 0.475 0.50 0.68 0.1546 6.47 0.544 

82 140 70 53.8 346 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 = EIRratecl 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) 

.... ~: I m m u r e  Ir m l i ~ . J i m l m l m l m l m ~ I m l  
IC.APFT I -0.29861976 0.02996076 ..0.00080125 0.017362681 .-0.000326061 0.00063139 

1EIRFT [ 0.51777196 -0.00400363J 0.00002028 i 0.006987931 0.00008290 -0.0001S467 

L - -  I _ _ " ' "  i ' i i i 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 chil led 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) 

Capacity Correction (Tout, Tint 
Part Load Efficiency (PLR) 

Temp Efficiency (Tout, Tin) 

Post-Retrofit Chiller 
Nom. Eff 

Nom. Tons 

nom kw 

a b d e f 
i . o ~ , , 9 , 0 ~  o o2 , , , 0 , ,  .oooo~o,~,T 0 . 0 , , 6 2 , , [  oooo3~6o~ i o 0 0 0 ~  
: _o.,7,492.? [ 0.s8820208 0.23~3~s~i i ! 
i ............ ~:~_'..Z~..~l....._:°._°.~.~.?~.!.6~ 0.000020~8i ~:o~~ o.oo~ - ~ o . ~ ~  

0.8 

350 

280 

Outdoor 
DB 

Temperatu 

re 

Current Data 

Condenser 
Tons Output Supply temp 

Temp 

Calculated Values 

Part Load  Ambient 
Current Part Load 

Adjustment Adjustment 
Capacity Ratio to EIR to EIR 

Efficiency 

EIR COP kW/Ton 

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 71.7 54.6 346 0.475 0.50 0.68 O.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 52.2 344 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 Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment) 

I ~ m l U ~ l ~  ~ 1 ~ ~ 1 ~ 1 ~ [ ~ 1 ~  
[CAPFT i -O.2986197( 0.029960761 -0.00080125[ 0.017362681 -0.00032606 0.00063139 
I E,.FT i o s , , , , , 9~  -ooo4oo3,3, o oooo2o281 o oo098,~31 o oooo~2~o I .o0ools,°,  

[~~ '~R  .................................................................................... i ............ ~:"~"~2-~ ......... ~ : ~ 8 ~ ° ~ ~ L ° :  ~~~ ~ ~ 4 ~ _  ....................... :i ................................. :J .................................. 

CAP-FT = A + (8 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 Tint. 

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: Weather Data for Both Buildings 
TMY temperature data 

lTemp Ilo:oo 11:0012:0013:0014:001s:0016:001 7:001 8:001 9:001 to:oo 1 11:001 12:001 13:001,4:001 lS:OO I 16:001 17:00118:00119:00120:00121:00122:00123:00[[0. Hours 
32 0 0 1 4 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o! 0 0 

37 6 9 13 13 16 i s  18 2 1 0 0 0 0 0 0 0 0 0 0 0 0 3 s 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 I 
47 72 77 79 84 71 66 70 65 43 31 12 8 6 3 2 2 2 6 21 32 44 43 48  54 
52 , 2 0  12s 125 1t6 ,27 ,22 ,04 8s z9 68 60 43 26  20 17 21 36 s3 68 78 93 107 ,24 12~ 

57 ll6 105 lOO 90 95 i06 112 120 i04 89 83 79 68 70 80 79; 95 i08 If5 129 129 137 127 125 

62 21 17 12 l l  9 11 19 58 98 102 91 77 77 83 79 84' 91 III 109 99 83 55 35 2.5 6 7 9 . 2 8 5 7  
I m ~ i[o] lit 1 '~P~n J~ ~a 

72 0 1 0 0 
77 0! 0 0 0 
82 0 0 0 0 
87 0 0 0 0 
92 0 0 0 0 
97 0 0 0 0 

102 0 0 0 0 

IOn Hoursll I I I 

i 1 IL|J 1,1 d; ;~! ,I;! ;lcJ 'I( 1;! ~ 9 4 5 2 490 .7143  

0 0 0 2 7 9 32 51 64 61 58  57 37 19 9 2 0 0 0 C 283 .5714  
0 0 0 0 1 5 10 21 31 30 28 28 15 6 0 0 0 0 0 (3 125 

0 0 0 0 0 0 2 8 13 11 11 9 4 0 0 0 0 0 0 (3 41 .42857  

0 0 0 0 0 0 0 1 8 7 5 6 1 0 0 0 0 0 0 0 2(3 
0 0 0 O: 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 .714286  
ooo i o o o o o o o o o o o o o o o 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C 

I l l [46.4[ ~o11~.91t49.~1167.91189.3119~.61t"9.~l~87.11 ~osl 140l I I I I I II 961"431 
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 

I ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
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EMS System Upgrade (Site 2437) 

Program 
Measure 
Site Description 

Advance Performance Options 
Customized Controls 
Office 

Measure Description 

Summary of Ex Ante 
Impact Calculations 

Comments on 
Calculations 

Evaluation Process 

Additional Notes 

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 DOE2.1E 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. 

Impact Results 

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 
Measure 
Site Description 

Advanced Performance Options Program 
Energy Manasement System 
Health Care/Hospital 

Measure Description 

Summary of Ex Ante 
Impact Calculations 

Comments on PG&E 
Calculations 

Evaluation Process 

Additional Notes 

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. 

Impact Results 

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 
Measure 

Site Description 

Retrofit Efficiency Options Program 
High Efficiency Water-Cooled Chiller and 
Oversized Cooling Tower 
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: 

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. 

• The post-retrofit cooling tower approach temperature was 5.7 



Additional Notes 

degrees F. 

• The baseline for the cooling tower retrofit was assumed to be the 
post-retrofit chiller with a lO-degree F approach temperature. 

• 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. 

Impact Results 

KW KWh Therm 
MDSS 82.95 240,055.98 0 

117.07 141,639.15 0 Adjusted 
Engineering 
Engineering 

Realization Rate 
1.41 0.59 N / A  



Site 2462: Results 

Chiller & CT Impacts 
Ener~ Demand 

MDSS 240,056 83.055 
QC 141,639 117 

Realization Rate 0.59 1.41 

Pre-Relz'ofit Chiller 
Nom. Eft I 1 

Nom. Tons I 150 
nom kw 150 

Outdoor DB Operating I 
Temperature (F) per year (A 

Sa~ngs 
Enemy Demand 

-112,629 22 

112 
107 
102 
97 
92 
87 
82 
77 
72 
67 
62 

Totals 2483.50 

Operating Houm Tons Output Efficiency 
peryear(Actual) (kW/Ton) 

0.00 150 0.970 
34.00 138 0.960 
95.00 124 0,952 
176.00 110 0.950 
254.50 97 0.955 
261.50 83 0.969 
315.00 70 0,999 
323.00 56 1,057 
285.00 42 1.167 
344.00 29 1.405 
394.50 15 2,121 

TiUe 24 Bas~ine Chiller 

Nom, Eff I 0.748 
Nom. Tons 500 

nomkw 374.0,43 

Outdoor DB OperaUn9 Houm 
Temperature (F) per year (TMY) 

112 0.00 
107 5.00 
102 96.00 
97 206.00 
92 305.00 
87 314.00 
82 380.00 
77 351.00 
72 338.00 
67 367.00 
62 415.00 

Totals 2,777.00 

Annual Energy Peak Demand 
Use 

(kWh/year) (kW) 

0.00 
4,493.67 
11.346.40 
18,471.19 
23,523.37 
21,081.98 
21,894.81 
19,083.49 
14,059.63 
13,844.62 
12,500.08 

145,47 
132.17 
118.19 
104.95 
92.43 
80.62 
69.51 
59.08 
49.33 
40.25 
31.81 

160,349,25 145.47 

Tons Output Efficiency 
(kW/Ton) 

500 0,726 
459 0,718 
414 0,713 
368 0.711 
323 0.714 
277 0.725 
232 0.748 
186 0.791 
141 O.873 
95 1.051 
50 1.587 

AnnualEnergy 
Use 

(kWh~ear) 

0.00 
1,647.87 

28,293.58 
53,911.24 
70,297.75 
63,124.66 
65,863.38 
51,712.11 
41,579.13 
36,831.41 
32,921.32 

Peak Demand 
(kW) 

362.76 
329.57 
29,4.72 
261.71 
230.48 
201.03 
173.32 
147.33 
123.02 
100.66 
79.33 

4.46,182.45 362.76 

Chiller Only 

MDSS 
OC 

Impacts Savings 
Enemy Demand Enemy Demand 
159,529 66.105 
117,548 96 -134,159 -122 

Realization Rate 0.74 1.45 

Post-Retrofit Chiller 
Nora. Eft 0.551 

Nom. Tons 500 
nom kw 275,5 

Outdoor DB 
Temperature (F) 

112 
107 
102 
97 
92 
87 
82 
77 
72 
67 
62 

Operating Hours 
per year (TMY) 

0.00 
5.00 

96.00 
2666.00 
305.00 
314.00 
380.00 
351.00 
338.66 
367.66 
415.00 

Totals 2,777.00 

Tons Output 

5OO 
459 
414 
368 
323 
277 
232 
186 
141 
95 
50 

Post-Retrofit Chiller wl Coolong Tower I 
Nom. Eft 0.551 

Nom. Tons 500 
nora kw 275.5 

Outdoor DB 
Temperature (F) 

112 
107 
102 
97 
92 
87 
82 
77 
72"  
67 
62 

Operating Houm 
per year (TMY) 

0.00 
5.00 

95.00 
266.00 
305.00 
314.00 
380.00 
351.00 
338.00 
367.00 
415.00 

Tons Output 

5OO 
459 
414 
368 
323 
277 
232 
186 
141 
95 
50 

Totals 2,777.00 

Annual 
Efficiency Energy Use Peak Oemand 
(kW/Ton) (kWh/year). (kW) 

FMY) 
0.534 0.00 267.19 
0.529 1,213.73 242.75 
0.525 20,839.56 217.08 
0,524 39,708.17 192.76 
0,526 51,777.61 169.76 
0.534 48,494.29 148.07 
0.551 48,511.49 127.66 
0.582 38,088.41 108.51 
0.643 30,624.99 90.61 
0.774 27,128.08 73.92 
1.169 24,248.11 58.43 

328,634.44 267.19 

Operating 
Houm peryear 

(Actual) 

0.00 
34.00 
96.00 
176.00 
254.500 
261.50 
315.00 
323.00 
285.00 
344.00 
394.50 

Annual 
Energy Use 
(kWh/year), 

(Anal) 
0.00 

8,253.37 
20,839.56 
33,925.43 
43,204.60 
38,720.57 
40,213.47 
35,050.02 
25,822.85 
25,427.95 
23,050.31 

2,483.50 294,508.12 

Annual 
Efficiency Energy Use Peak Demand 
(kW/Ton) (kWh/year), (kW) 

~TMY~ 
0.491 0.00 
0.4.86 1,115.03 
0.482 19,132.07 
0.481 36,446.82 
0,483 47,645.05 
0.491 42,750.56 
0.508 44,723.58 
0.539 35,275.62 
0,600 28,577.02 
0.731 25,621.71 
1.126 23,355.86 
0.00 304,543.30 

245.69 
223.01 
199.29 
176.93 
155.89 
136.15 
117.69 
100.50 
84.55 
69.81 
56.26 

Operating 
Hours per year 

(Actual) 

0.00 
34.00 
96.00 
176.00 
254.50 
261.50 
315.00 
323.00 
285.00 
344.00 
394.50 

Annual 
Energy Use 
(kWh/year), 

(A~uel) 
0.00 

7,582.18 
19,132.07 
31,139.03 
39,672.83 
35,602.77 
37,073.49 
32,461.61 
24,096.01 
24,015.99 
22,202.13 

245.69 2,483.50 272,978.11 



Site 2462: Inputs to Model 
Parameter I Value Reported I 

City 
Climate Zone 

Pre-Retrofit Nominal Chiller Capacity 
Pre-Retrofit Nominal Chiller Efficiency 

Pre-Retrofit Cooling Tower Approach Temperature 

Post-Retrofit Nominal Chiller Capacity 
Post-Retrofit Nominal Chiller Efficiency 

Post-Retrofit Chiller Max kW 
Post-Retrofit Coolin~l Tower Approach Temperature 

Baseline Chiller Efficiency 

Lemoore 
13 
150 

10 

500 
0.551 
282 
5.7 

0.748 

Chiller AM Lockout 7:00 
Chiller PM Lockout 6:00 

Chiller Startup OSA Temperature 
Chiller Max Load OSA Temperature 

Chilled Water Supply Temperature Setpoint 
Condenser Water Temperature 

Date of Chiller Installation 
Date at Run Hour Reading 

Number of Days Chiller Operated 
Run Hours for New Chiller 

Average Hours per Year of Chiller Operation 

Predicted Run Hours Since Install Using Actual Weather & Setpoints 
Predicted Hours per Year Usin 9 Actual Weather Data & Setpoints 

60 
112 
50 
90 

8/15•98 
8/10•99 

247 
2324 

2451.62 

2442.00 
2483.50 

Units of Parameter I 

Tons 
kW/ton 

Notes 

Application 
Assumed Value 

F Assumed Value 

Tons 
kW/ton 

kW From York Manual 
F 

kW/ton 

Application 
From Chiller Rating Sheet 

Application 
Title 24 Nominal Effidency for Chiller > 300 Tons 

AM Contact provided schedule; Chiller is on Manual Operation 
PM Contact provided schedule; Chiller is on Manual Operation 
F Contact provided estimate 
F Contact provided estimate 

days (M-F Only I 
hours 

! Hours/Year (M-F Only) 

hours 
i Hours/Year (M-F Only I 

Contact provided setpoints; Chiller is on Manual Operation 
Contact provided setpoints; Chiller is on Manual Operation 

Contact provided estimate 
Chiller Log 

= IIRead Date - Install Date) * 5/7) - 10 Holidays 
Documented from Chiller Log 

= (Run Hours for New Chiller / Number of Days Chiller Operated) * 365 Days/Year * 5/'~ 

Based on setpoints and actual weather data; See Weather Data Spreadsheet for Detail= 
Based on setpoints and actual weather data; See Weather Data Spreadsheet for Detail~ 



Site 2462: Post-Retrofit Chiller 
Centrifugal Chiller (Water-Source) a 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

Nom. Eft 
Nom. Tons 
nora kw 

b d e 
~ ~ o l i ~  .............. ~ 7 6 ] ~ ; "  :~i~g0,i~ J 01oi7i62~s i 

t 
! | 

0 . ,  ] 7'77 ] 9~ .0.00.40036, 0.0~O020~Sl O. 0069 '79~  I 2 

f 
-0.00032606 ! 000063139 -,........2 

-i "i 
0.000082901 -0.00015467j 

0.551 
500 

275.5 

Outdoor 
DB 

Temperat 
ure 

Current Data 

Condenser 
Tons Output Temp Supply temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment I 
Capacity Ratio to EIR to EIR i 

Efficiency 

EIR COP kW/Ton 

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 
102 414 88 49 486 0.827 0.82 0.96 0.1493 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 45.5 500 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 3.01 1.169 

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

Chiller Plant Coefficients - Electric Water-Cooled Chillers (source Mark H~,deman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment) 

I- i I : : L c , r j Imieanalnmiml l 
i CAPFT l "0'2986 L9761 O l O 2 ~ 7 ~ "0"000S01251 0101736268i = 0 l ~ 3 2 6 ~  0 " ~ ]  []9 

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 2462: Baseline Chiller 
Centrifugal Chiller (Water-Source) a 
Capacity Correction (Tout, Tin) r .... 
Part Load Efficiency (PLR) i 
Temp Efficiency (Tout, Tin) i 

Nom. Eft 
Nom. Tons 
nom kw 

b 
..... -~'. '~;~ i';'~;" "'r''" " ; i ~ ' ; 9 6 ~  .... 

0.17149273 i 0.5882020~ 

0.517771961 -0.0040036] 

0.748 
500 

374.042553 

c d e f .......... 

02373725~ -i -i -i 
0.0000202~ 0.00698793~ 0.00008290 i -0.00015467t 

CurTent Data 

Condenser 
Tons Output Temp Supply teml: 

Outdoor 
DB 

Temperat 
ure 

Calculated Values Efficiency 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment EIR COP kW/Ton 
Capacity Ratio to EIR to EIR 

112 500 90 50 480 1.000 1.00 0.97 0.2063 4.85 0.726 
107 459 89 49.5 483 0.918 0.91 0.97 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 0.73 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 47 498 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 45.5 500 0.191 0.29 0.92 0.2990 3.34 1.051 
62 50 80 45 501 0.100 0.23 0.91 0,4512 2.22 1.587 

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

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

I - - - - ] - - - - = ,  1 i ,  .., . I F - - -  I I 
i CAPFT -0 2986 976[ 0.029960761 -0.0~801251 0.0 736268! -0 00032606 0 00063 39] 
I ~ I / ! I ( i 
I EIRfT . . . . . . . . . .  i 0.51777196 -0.00400363 i 0.00~2028] 0.00698793[ 0.00008290' -0.00015467 i 

~ E[R.FPLR' ...................................... ~ " ~  ........ ~ ................. i ............................................................................................................ 0.,7i49273, 0.588202081 0.2373725 ~ ~ .. . . . . . . . . . . . . . . . . .  .~1 ..................................... -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: ASHR.AEJlES Standard 90.1-1989 User's Manual - November 1992. 



Site 2462: Pre-Retrofit Chiller 
Centrifugal Chiller (Water-Source) a 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

b c d e f 
i i :o ,3; ! 
, 0.17149273i 0.588202081 0~37372571 -! -! -' 

o,,,~,~,I -ooo~oo,,,i o.oooo2o2sL_._.o.oo.__6,~s~93~__.o~_829o~__~~ ~ 
Nom. Eft 1 
Nom. Tons 150 
nom kw 150 

Current Data Calculated Values 

Part Load Ambient 
Condenser Current Part Load 

Tons Output Temp Supply teml: Capacity Ratio Adjustment Adjustment 
to EIR to EIR 

Efficien~ 
Outdoor 

DB 
Temperat EIR COP 

ure 
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 8.4 47 149 0.464 0.50 0.94 0.2643 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 9.3319 3.01 1.167 
67 29 81 45.5 150 0.191 0.29 0.92 0.3997 2.50 1.405 
62 15 80 46 159 0.100 0.23 0.91 0.6032 1.66 2.121 

kW/Ton 

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

Chiller Plal ;M Manual - Central Plant Cooling Equipment) 

iCAPFT ]-0.29561976[ 0.029960761 -0.000g0125 0.01736268 -0.0003260~ 0.00063139] 
-0 00400363 0 00002028 0 00698793 0 0OO0829( -O 00015467 I 'EIRFT i 0.51777196, 230~_38 .2 3~7 3~72 20 52 78 

i EIRFPLR ...... ". _~ ...... O. 17 ! 4Sr273J .... 0.5582(} ........... 0.. .......................................... :I .............................. : .................................... "~i 

CAP-IFT = 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 2462: Weather Data 
IMY temp.~rature data for climate ~one 13 
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Chiller Replacement (Site 2463) 

Program 
Measure 
Site Description 

Retrofit Efficiency Options Program 
High Efficiency Water-Cooled Chiller 
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 file impacts, the 
following assumptions were used: 

r 

• 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%. 

• 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 

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. 

Impact Results 

KW KWh Therm 
MDSS 27.13 49,917.75 0 

Adjusted 36 59,870 0 
EnBineering 
Engineering 1.33 1.20 N / A  

Realization Rate 



Site 2463: Results 

Energy 
Savings Impact 

MDSS 49.918 
QC 41,928 59.870 

Realization Rate 1.20 

Demand 
Savings Impact 

27,132 
46 36 

1.33 

Post-Retrof'd Chiller 
Nora. Eft 0.59 

Nom. Tons 164 
nom kw 96.76 

Outdoor DB Operating 
Hours per Tons Output 

Temperature (F) year (TMY) 

107 0.00 164 
102 45.00 146 
97 146.00 129 
92 294.00 111 
87 447.00 94 
82 702.00 76 
77 697.00 59 
72 822.00 41 

Totals 3,108.00 

Efficiency 
(kW/Ton) 

0.53 
0.52 
0.52 
0.53 
0.55 
0.60 
0.68 
0,87 

Annual 
Energy Use 
(kWh/year), 

0.00 
3,433.29 
9,820.67 
17,385.30 
23,197.14 
31,972.48 
27,936.05 
29,182.37 

Peak Demand 
(kW') 

86.23 
76.30 
67.26 
59.13 
51.90 
45.54 
40.08 
35.50 

Operating 
Hours per year 

(Actual) 

5.00 
51.00 
93.00 
135.00 
244.00 
326.00 
418.00 
439.00 

AnnualEnergy 
Use 

(kWtl~ear), 
/A=uall 
431.17 

3,891.06 
6,255.63 
7,983.05 
12,662.42 
14,847.62 
16,753.61 
15,585.23 

142,927.30 86.23 1,711.00 78,409.79 

Title 24 Baseline Chiller I 

I Nora. Eft I 0.837 
Nom. Tons I 164 

nom kw 137.291 

Outdoor DB Operating 
Hours per 

Temperature (F) year ~TMY I i 

Efficiency Annual Energy Peak Demand 
Tons Output (kW/Ton) Use (kWh/year) (kW~ 

107 0.00 164 
102 45.00 146 
97 146.00 129 
92 294.00 111 
87 4,47.00 9,4 
82 702.00 76 
77 697.00 59 
72 822.00 41 

Totals 3,153.00 

0.75 
0.74 
0.74 
0.75 
0.79 
0.85 
0.97 
1.23 

0.00 
4,871.44 
13,934.41 
24,667.76 
32,914.10 
45,365.31 
39,638.07 
41,406.47 

122.36 
108.25 
95.44 
83.90 
73.63 
64.62 
56.87 
50.37 

202,797.57 122.36 

Pre-Retroflt Chiller 
Nora. Eft I 0,9 

Nom. Tons I 165 
nora kw 1¢8.5 

Outdoor DB 
Temperature (F) 

107 
102 
97 
92 
87 
82 
77 
72 

Totals 

Operating 
Hours per Tons Output 

year (A~ual I 
5.00 165 
51.00 147 
93.00 130 
135.00 112 
244.00 94 
326.00 77 
418.00 59 
439.00 41 
1711.00 

Efficiency 
(kW/Ton) 

0.80 
0.79 
0.80 
0.81 
0.84 
0.91 
1.04 
1.32 

Annual 
Energy Use 
/kWh~ear) 

661.72 
5,971.70 
9,600.67 
12,251.78 
19,433.33 
22,787.01 
25,712.19 
23,919.05 

132.34 
117.09 
103.23 
90.75 
79.64 
69.90 
61.51 
54.49 

Peak Demand 
(kW) 

120,337.47 132.34 



Site 2463: Inputs to Model 
Parameter I Value Reported I Units of Parameter I Notes 

City Bakersfield 
Climate Zone 12 Belmont 

165 Tons Pre-Retrofit Nominal Chiller Capacity 
Pre-Retrofit Nominal Chiller Efficiency 

Post-Retrofit Nominal Chiller Capacity 
Post-Retrofit Nominal Chiller Efficiency 

Baseline Chiller Efficiency 

0.9 

164 
0.59 

0.837 

kW/ton 

Tons 
kW/ton 
kW/ton 

Contact provided estimate 
Contact provided estimate 

Application 
From Chiller Rating Sheet 

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 
Chiller Max Load OSA Temperature 

70 
105 
4.4 
85 

Chilled Water Supply Temperature Setpoint 
Condenser Water Temperature Setpoint 

Contact provided estimate 

Number of Days Chiller Operated 

Contact provided estimate 
Contact proviced setpoints 

Date of Chiller Installation 9/10/97 
Date at Run Hour Reading 8/9•99 Chiller Log 

698 = Read Date - Install Date days 
hours 

hours 
Hours/Year 

2823 
1476.21 

3077.00 
1711.00 

Run Hours for New Chiller 
Average Hours per Year of Chiller Operation 

Predicted Run Hours Since Install Using Actual Weather & Setpoints 
Predicted Hours per Year Using Actual Weather Data & Setpoints 

Contact provided setpoints 
Contact provided estimate 

Documented from Chiller Log 
= IRun Hours for New Chiller / Number of Days Chiller Operated I ° 365 Days/Year 

Based on setpoints and actual weather data: See Weather Data Spreadsheet for Detail., 



Site 2463: Post-Retrofit Chiller 
Screw Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

N o m .  E f t  

Nom. Tons 
nom kw 

a b c 
i ' " " " ~ i ~ 5 ~ ' i ~ ' - " F - " " o i ~ ' i ~ 9 3  . . . .  o ' . ~  ........... 

i 0.330188331 0.23554291 0.46070828 

d e f 
. . . . .  .0.0o  46.; . . . .  

1 
......... :o ~ ~ i  . . . .  ............. ~ ~ - 5 ; ~ - 4 i  ............. : o~ : ; ~ ,~ i 95  ~5 i 

0.59 
164 

96.76 

Outdoor 
DB 

Temperat 
ure i 

Current Data 

Condenser 
Tons Output Temp Supply temp 

Calculated Values Efficiency 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment EIR COP kW/'r'on 
Capacity Ratio to EIR to EIR 

107 164 85 54.5 196 1.000 1.03 0.87 0.1496 6.69 0.526 
102 146 84 53 192 0.893 0.91 0.87 0.1482 6.75 0.521 
97 129 83 51.5 189 0.786 0.80 0.87 0.1485 6.74 0.522 
92 111 82 50 185 0.679 0.70 0.87 0.1511 6.62 0.531 
87 94 81 48.5 181 0.571 0.62 0.87 0.1575 6.35 0.554 
82 76 80 47 177 0.464 0.54 0.87 0.1701 5.88 0.598 
77 59 79 45.5 174 0.357 0.47 0.88 0.1946 5.14 0.684 
72 41 78 44 170 0.250 0.42 0.88 0.2463 4.06 0.866 

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) 

[ -  ~ _ ~ ~ .  ', ' , 1 ~ 1 ~  ! ~-^~.^..^.! 
ICAPFT 0.58531422 0.01539593] 0.0000729¢~ -0.00212463 ' '-0.~00715 

06 2,,03 0000 858,1 00002.9  . 00034 , , .  000025, . !  
]EIRFPLR 0.33018833[ 0.23554291[ 0.46070828 -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: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992. 



Site 2463: Baseline Chiller 
Screw Chiller (Water-Source) 
Capacity Correction (rout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

Nom. Eft 
Nom. Tons 
nora kw 

a b 
0.58531422 i 0.0[539593 

0.33018833i 0.23554291 

0.66625403! 0.00068584 

c d e f 
......... ~i6~:x;~,~i . . . . . . . . .  . . 0 . ~ i , ~ i  ................. ~ ; i ~ ; ~ 7 i 5  ! ~ . ; i ~ ; ~ - - 1  

. . . . . . . . . . . . . . . . .  o°:~J2s?8ooo28498 ...................................................... -0.oo34, ~77 o ~ ; 2 ; ~ ;  ................. ; i ~ 8 i  

0.837 
164 

137.291429 

Outdoor 
DB 

Temperat 
Ure 

Current Data Calculated Values Efficiency 

Part Load Ambient 
Condenser Current Part Load 

Adjustment Adjustment EIR COP kW/l'on 
Tons Output Temp Supply temp Capacity Ratio to EIR to EIR 

107 
102 
97 
92 
87 
82 
77 
72 

164 85 54.5 196 1,000 1.03 0.87 0.2122 4.71 0.746 
146 84 53 192 0.893 0.91 0.87 0.2103 4.76 0.739 
129 83 51.5 189 0.786 0.80 0.87 0.2107 4.75 0,741 
111 82 50 185 0.679 0.70 0.87 0.2144 4.66 0.754 
94 81 48.5 181 0.571 0.62 0.87 0.2235 4.47 0.786 
76 80 47 177 0.464 0.54 0.87 0.2414 4.14 0.849 
59 79 45.5 174 0,357 0.47 0.88 0.2762 3.62 0.971 
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 Plant Coefficients - Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual - Central Plant Cooling Equipment) 

]CAPF'I" [ 0 5~531422~ 0 DI539593[ 0.00007296~ o0.0021246: ~ -0.00000715} -0.0000'4597 
.................................................................................................. ~ r  ................................. I- ........................................................................................................................ i ..................................... EIR.Fr 

................................................................. . . . .  .................................... . . . . . .  _: 

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) + (O 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 2463: Pre-Retrofit Chiller 
Screw Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

Nom. Eft 
Nom. Tons 
nora kw 

a b c d e f 
F""'~"~'~"~-""~- "o.o~;;9~V61;OoG~i~ "r-Oi~i~i~i[-~G~o~i~T~61oGo0,;;9~ ...... 

i 

' o~2~4o~ o ooo~s~ o ooo~4~ I -ooo3~7~ I o ~ s ~ j  - o ~ , ; ~  

0.9 
165 

148.5 

Outdoor 
DB 

Temperat 
ure 

Current Data Calculated Values Efficiency 

Part Load Ambient 
Condenser Current Part Load 

Tons Output Temp Supply temp Capacity Ratio Adjustment Adjustment EIR COP kW/'l'on 
to EIR to EIR 

107 165 85 54.5 197 1.000 1.03 0.87 0.2281 4.38 0.802 
102 147 84 53 193 0.893 0.91 0.87 0.2261 4.42 0.795 
97 130 83 51.5 190 0.786 0.80 0.87 0.2265 4.42 0.796 
92 112 82 50 186 0.679 0.70 0.87 0.2305 4.34 0.811 
87 94 81 48.5 182 0.571 0.62 0.87 0.2403 4.16 0.845 
82 77 80 47 178 0.464 0.54 0.87 0.2595 3.85 0.912 
77 59 79 45.5 175 0.357 0.47 0.88 0.2969 3.37 1.044 
72 41 . 78 44 171 0.250 0.42 0.88 0.3757 2.66 1.321 

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) 

l i t  ~ 1 1 _  ~,~I. t 1 ~ . ~ 1  I E ' 1 't I ~ 1 ~  
l ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ! o,,,3,,22r o o,,39,93t o oo00,29~ .ooo~,~o,~ l .oooooo,,~I .oo0oo~,97 

. ~ !~ , , . .R  ................................................................ i ............... o~.~.3.o.~..8~.3j ............ o...23.~. ~ 9  ,1 ................. _o....4~o:o,_~1 ......................................... ~ .............................. -! ....................................... 

CAP-F'r = 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. 



Sile 2463: Weekday Weather Data 
TMY temperature data for climale zone 13 

ITemp ~ 2 ~ p ~ 5 ~ 6 ~ 7 ~ 9 ~ 1 ~ 1 ~ 1 2 ~ 1 3 ~ t 4 ~ 1 ~  t6:ooit7:OOItB:OO119:OOI20:OOi2':OOI22:OOI23:oOllOnHoursl 
22 
27 3 3 3 6 
32 9 8 12 13 14 15 16 I1 2 41"1 7 

37 20 27 31 34 36 37 34 24 16 7 4 10 15 15 15 
42 54 61 64 62 61 60 59 46 47 31 IB 7 4 4 1 2 3 10 21 26 29 31 44 51 
47 75 67 7~ 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 87 59 49 49 52 42 35 31 35  36 31 36 45 52 62 65 76 .72 67 
57 83 781 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 22 22 22 31 42 69 48 35 32 35 46 49 46 44 43 36 50 54 62 72 56 44 
67 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 21 $ 18 37 57 44 36 30 33 34 37 32 32 49 33 20 "17 10 8 514 
I 

77 I 7 14 36 52 47 34 32 31 25 33 48 28 21 14 3 2 4261 
82 8 14 33 46 50 46 43 47 47 31 22 10 1 407 
87 8 15 24 32 40 39 35 28 22 9 2 254 
92 7 14 21 25 271 35 22 9 5 165 
97 4 14 15 19 i 13 9 6 1 81 

102 4 61 9 5 2 .  26 
107 0 

OnHou~ l l  I I I I I I 61 251 591 1,51 15, I 1711 1891 ,951 1991 2011 176] 1501 1141 661 351 211 I II 1337.86 

Actual tern }eralure by hour from 09/10/97 Io 08/09199 

Temp 0:0011:0012:0013:0014:0015:0010:001Z:0018:0019:001 t0:001 t 1:00112:00113:00114:00115:001 10:001 t 7:00118:00119:00120:0012,:00122:00123:0011On Hou.  
22 1 1 .  
27 2 2 2 2 2 3 2 2 2 
32 3 5 4 6 8 10 9 7 2 
37 16 19 21 24 24 25 22 20 16 
42 26 24 31 31 29 29 32 26 22 
47 42 39 36 41 46 40 34 34 31 
52 3B 48 51 51 49 52 42 31 39 
57 62 60 58 53 58 52 55 37 19 
62 28 28 28 26 18 23 32 56 47 
67 18 13 9 8 7 6 9 16 41 
72 8 8 9 7 12 13 9 !1 11 
77 9 7 5 5 2 2 8 10 13 
82 4 3 2 2 1 1 1 4 9 
87 I 3 
92 1 
97 

102 

2 3 
4 1 . I 2 4 2 2 
7 8 8 4 2 2 2 3 4 7 8 8 6 8 1 

16 7 2 4 5 3 3 4 5 4 6 I3 18 22 29 
30 24 18 8 9 8 8 10 14 22 25 31 34 41 4C 
38 35 28 29 23 18 19 25 30 36 46 43 41 34 3E 
25 30 39 44 42 45 45 39 42 41 33 33 44 53 54 
25 23 27 23 26 28 28 30 26 18 32 43 47 45 39 
44 31 13 17 18 20 19 16 15 33 37 34 25 23 2C 
32 41 39 28 22 19 15 21 31 30 25 19 14 9 367 
11 27 33 35 31 26 33 2B 26 20 16 12 I i  9 I 340 
11 5 21 25 29 31 27 29 21 19 10 8 8 7 31 258 
i l  14 10 16 22 24 23 21 17 7 6 10 4 1 189 

2 9 12 9 8 12 12 9 9 8 11 . 102 
! 5 I1 11 10 !1 12 7 11 79 

1 3 7 9 10 7 9 46 
5 

1386.00 

10~ I I 1 2 I, 

OnH°urs]l  I I I I I I 181 261 371 671 971 1211 1271 1311 1321 1321 1291 1201 951 68 t 491 37 I 

Aclual temperature by hour from 09/10/97 Io 08/09/99 

Temp II0:001,:00 2:001s:0014:0015:0016:0017:0018:0019:00110:001,1:001,2:00113:00114:00115:001 10:ool,7:001,8:00i,9:00120:oo12,:oo122:00123:0011~nHours 
22 . . . . . . .  I I i. . • 
27 21 2 2 2 2 3 2 2: 2 , . 

32 31 5 5 8 I0 11 10 9 2 4 1 
37 ,9I 24 28 30 33 36 35 28 23 9 8 
42 471 47 57 63 59 58 58 49;, 37 23 12 
47 831 79 73 77 80 79 69 631 Sa 60 45 
52 841 to t  10B 110 11l I l l  tO0 82!~ 79 B3 82 
57 120J 116 114 107 112 103 98 781 65 44 52 
62 581 54 47 44 40 47 660 921 76 66 55 
67 341 26 25 24 17 12 22 3.5! 76 74 56 
72 171 16 17 13 18 21 18 2 0  22 60 73 i 

87 . , . . . . . . .  1 i 6 17 22 
92 . i . . . . . . .  2 3 14 

97 ' 1 3 

,o21 i . . . . . . . . .  

107 

I B / / B B B B B B B K i  
-1 '1 t 

I~ '1 '1 ! I I I I  m ; J  'J ,I 
~1 i | | I |  I a t ' l i ~ ' i i ) l D ~ i  l i  

~ i %  ;| ~ i )  I III I ~  I ! ILl i l ;  ! ! . I ; I  1 4 ; 1 1 1 ; l l  
Bl,~'Ii*I I~' I': I ~ I I~ It l~i llll i;,1 l;li i;i 
~iIi~iIi~ili1 l:i. I i i I I ~  l.~i ii~ Ii i i ii~l i i i 

~ IIIITI IlIJ;~I r I ZEi.~;ii~Jif;piuiI! 
~IIII~III'IIEI u I ~ I ~ l  ~iiiii i it] ill ii 

~l,~ii;lil;| ll;i l:i I ~ E i i  i l~i Iiol ii.1 ii 

~II~IllIliIII lilI~lillii4 I ,, 
~iWIII~ II!IiIII H I t  i'l I I 
~II+II~-- -+IIII FIII~': 

I i ] t I I I I ,  

696 
612 

45B 
321 

168 

12B 

73 

15 

O,,HO .... I I I I I 1 301 401 671 '221 174I 2'01 22GI 2341 236l 2371 2331 2121 '651 1221 891 681 I II 2471.0e 



Site 2463: Weekend Weather Data 
"rMY temperature data for climate zone 13 

ITemp ~ 2 ~ 3 ~ 4 ~ s ~ 7 ~ 9 ~ 1 ~ ' 1 ~ ' 2 ~ ' 3 ~ 1 4 ~ 1 ~  '6:001'7:00118:00119:00120:00121:00122:00123:0011On Hour, I 
22 , 81 . 
27 . . 3 3 3 6 
32 9 12 13 14 15 16 11 I 2 4 7 
37 201 27! 31 34 36 37 34 24 16 7 .  4 lO I 15 15 15 

i 

42 54' 61 64 62 61 60 59 46 47 31 18 7 4 4 2 3 10 21 26 29! 31 44 51 
47 75 67 70 76 73 62 55 54 39 37 37 30 19 13 15 17 25 32 40 39 49 581 63 70 
52 72 78 85 85 80 87 59 49 49 52 42 35 31 35 36 31 36 4,5 52 62 65 7ol 72 67 
57 83 78 67 61 68 60 71 55 43 36 48 51 45 43 41 42 45 S0 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 44 308 
67 14 15 12 9 8 8 17 32 64 52 37 36 31 26 27 28 37 42 40 59 S0 29 19 15 

72 S 4 2 . 2 5 18 37 57 4 4  3 6  3 0  3 3  34 37 32 32 49 33 20 t7 tO 8 
77 . t 7 14 3 6  52  4 7  3 4  32  31 25  33 48 28 21 14 3 2 271 
82 . 8 14 33 46 $8 46 43 47 47 i 31 22 10 1 1 295 

I 

87 . 8 15 24 32  4 0  3 9  35 2 8  22 9 2 . 193 
92 . 7 14 21 25 27 35 22 9 5 . 129 
97 . 4 14 15 19 13 9 6 1 . 65 

102.  4 6 9 S 2 .  19 

I i. o 
O'H°ur~ll I S91~IS] IS11 1711 1891 19SI 1991 2011 I I l I I II 36S.71 

Actual lemperalure by hour from 09/01/98 1o 08/31199 

Temp ~ 2 ~ 3 ~ 4 : ~ 6 ~ ; ~ 8 ~ 9 : ~ ' ~ ' ~ 1 2 ~ 1 3 ~ 1 4 ~ 6 ~ 1 S ~  16:00117:00118:001,9:00]20:00 21:00122:00123:0elOnHour~ 
22 . . 
27 
32 3 2 1 1 I 3 4 S 2 1 2 2 
37 5 9 10 11 12 I1 8 S 8 6 2 2 2 2 1 . 2 ..3 4 6 5 6 
42 11 8 12 11 11 10 11 9 4 6 9 4 3 3 3 4 4 3 2 4 3 6 S E 
4P 17 18 19 19 18 19 19 16 14 1 6 9 7 3 4 5 4 7 8 11 14 15 16 17 
52 21 23 21 25 25 22 20 20 19 17i 13 10 10 12 10 10 13 14 18 16 16 17 20 22 

52 20 19 20 19 22 22 18 10 14 111 17 17 14 16 14 13 14 15 17 17 14 19 19 19 
I 

62 13 11 I1 9 7 10 13 20 9 121 9 10 15 12 IS 13 15 12 8 13 18 17 13 14 
I 

62 7 8 7 6 5 4 6 8 17 12: 11 7 5 7 7 9 S 4 I1 12 10 8 11 S 

72 5 4 2 2 2 3 3. 6 7 151 10 10 11 7 6 6 8 13 9 7 10 6 6 3 
I 

72 2 2 1 1 1 . 2 4 E S 14 13 10 10 9 11 9 6 9 8 S 
82 1 3 8 t S 11 11 10 11 9 8;~ 12 8 4it 4 
82 1, 1' 7 7 9 I0  10 10 1Oil 4 3 S I 3 
92 I 71 6 2 t I • 1 3 5 8 9 7 7 

92 I 2 3 4 4 4' 5 . 1 , 
102 . I I 3 31 I I i 

102 I' i" 
°"H°u~ll  I I 171 291 37] 4s I 481 491 501 so I 1 I II 325.0, 

72 
5 4 4 78 
3 1 2 68 
1 1 . 55 
1 . 33 

14 

• • . S 

0 

I I I I II 325.oo 

Actual temperature by hour from 08/10/98 to 08/09/99 

T e m p  10:001,:0012:0013:00 4:001s:oo16:ool;:oolB:oolg:ool,dioo111:00112:001,3:oo114:00115:oo I 16:00117:00!18:00.1,9:00120:oo121:00122:00123:00: On Hou~ 
22 " i 
2P 1 . ' . 

i 32 3 2 2 1 2 4 4 6 3~. I 2 2 
37 8 12 t.3 15 14 14 12 8 10 ~ 8 3 2 2 I 2 I . 2, 3 4 6 5 7 71 
42 16 18 19 19 22 18 17 14 7 8 10 S 41 4 4 5 55 5 3 7 7 11 I1 13' 
47 37 37 40 44 42 44 42 34 301 20 13 12 10 4 S 7 6 I l i  19 20 28 28 32 34 
52 46 46 46 47 47 44 44 42 38  42 366 30 25 27 26 23 28 29 37 38 ..36 39 41 4.3 
57 37 36 38 37 41 42 30 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 
6P 16 15 13 8 8 6 10 20 32  24 2S 17 18 19 19 17 16 151 23 21 16 13 18 18' 

72 8 6 4 4 3 6 5 12 141 27 17 21 22 17 16 20 19 211 17 13 15 14 14 101 1554 
77 4 4 2 2 2 . 4 S 10 11 26 22 19 18 17 IS 14 14J 15 13 13 10 8 6' 138 
82 3 4 12 12 19 18 18 17 17 16 16~ 12 I1 8 5 3 4 ~ 117 
87 3 3 9 13 16 16 16 15 13 9, 8 9 S 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 2 . 31 

102 2 3 3 6 6 31 2 .  . 1 4  
107 I" 1 1 1 11 . 2 

O"H°u'~l I 311 541 681 831 901 921 941 961 I I I I I I II 606.08 



Chiller Replacement, EMS, System Optimization (Site 2465) 

Program 
Measure 

Site Description 

Advanced Performance Options Program 
High Efficiency Water-Cooled Chillers, EMS, 
and System Optimization 
College / University 

Measure Description 

Summary of Ex Ante 
Impact Calculations 

Comments on PG&E 
Calculations 

Evaluation Process 

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 throughan 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. 

Additional Notes 



Impact Results 

KW KWh Therm 
MDSS 295.9 1,034,514.53 126,267 

295.9 1,034,514.53 126,267 Adjusted 
Engineering 
Engineering 

Realization Rate 
1.0 1.0 1.0 



Boiler Replacement & Economizer Repair (Site 2466) 

Program 
Measure 
Site Description 

Advanced Performance Options Program 
Boiler Replacement and Economizer Repair 
College 

/;" 

Measure Description 

Summary of Ex Ante 
Impact Calculations 

Comments on PG&E 
Calculations 

Evaluation Process 

Additional Notes 

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. 

Impact Results 

KW KWh Therm 
MDSS 4 43,485.97 57,491 

Adjusted 4 43,485.97 57,491 
Engineering 
Engineering 1.0 1.0 i.0 

Realization Rate 



Chiller Replacement (Site 2468) 

Prosrarn 
Measure 
Site Description 

Advanced Performance Options Program 
High Efficiency Water-Cooled Chiller 
Health Care/Hospital 

Measure Description 

Summary of Ex Ante 
Impact Calculations 

Comments on 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: 

• A baseline Title 24 efficiency of 0.748 kW/ton was used for the 700- 
ton centrifugal chiller. 

• 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 

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. 

Impact Results 

MDSS 

Adjusted 
Engineering 
Engineering 

Realization Rate 

KW KWh Therm 
93 1,244,758.04 0 

122.58 487,738.86 0 

1.32 0.39 N / A  



Site 2468: Results 

MDSS 
QC 

Realization Rate 

Savings 

491,701 

Enemy Demand 
Impact Impact 

1,244,758 93 
487,739 123 

0.39 1.32 

Post-Retrofit Chiller 
Nom. Eft 0.524 

Nom. Tons 700 
nom kw 366.8 

Outdoor D8 
Temperature (F) 

Operating 
Hours per 

year (TMY) 
Tons Output 

102 0.00 700 
97 0.00 630 
92 1.00 560 
87 28.00 490 
82 58.00 420 
77 175.00 350 
72 408.00 280 

67 774.00 210 

62 1457.00 140 

57 2461.00 70 
Totals !.362.0C 

Efficiency 
(kWITon) 

0.42 
0.38 
0.36 
0.34 
0.32 
0.30 
0.28 
0.27 
0.26 
0.33 

Annual 
Enemy Use 
(kWh/year), 

(TMY) 
0.00 
0.00 

203.59 
4,673.81 
7,752.54 
18,254.58 
32,065.19 
43,228.79 
52,183.08 
56,895.35 
215,256.93 

Peak Demand 
(kWl 

0.00 
0.00 

203.59 
166.92 
133.66 
104.31 
78.59 
55.85 
35.82 
23.12 
203.59 

Operaling 
Hours per year 

(Actual) 

0.00 
2.00 
29.00 
59.00 
96.00 
196.00 
523.00 
836.00 

1,461.00 
2,186.00 
5,388.00 

Annual Energy 
Use 

(kW)'~'year), 
(Actual) 
0.00 

484.79 
5,904.02 
9,848.38 
12,831.79 
20,445.13 
41,103.17 
46,691.56 

52,326.34 

50,537.68 
240,172.87 

Title 24 Baseline Chiller 

Nom. Eff I 0.748 
Nom. Tons 700 

nom kw 523.660 

Outdoor DB Operating 
Temperature (F) Hours per Tons Output 

year (TMY) 

102 0.00 700 
97 0.00 630 
92 1.00 560 
87 28.00 490 
82 58.00 420 
77 175.00 350 
72 408.00 280 
67 774.00 210 
62 1457.00 140 
57 2461.00 70 

Totals 5,362.00 

Efficiency 
(kW/Ton) 

0.57 
0.58 
0.58 
0.59 
0.61 
0.63 
0.68 
0.76 
0.93 
1.46 

Annual Energy 
Use (kWh/year) 

0.00 
0.00 

326.17 
8,128.69 
14,824.84 
38,870.69 
77,496.25 
123,180.73 
189,135.80 
251,032.62 

Peak Demand 
(kW) 

0.00 
0.00 

326.17 
290.31 
255.60 
222.12 
189.94 
159.15 
129.81 
102.00 

702,995.79 326.17 

Pre-Retrofit Chiller 
Nom. Eff 1 

Nom. Tons 500 
nom kw 500 

Outdoor DB Operating 
Hours per 

Temperature (F) year (Actual) 

102 0.00 
97 2.00 
92 29.00 
87 59.00 
82 96.00 
77 196.00 
72 523.00 
67 836.00 
62 1,461.00 
57 2,186.00 

Totals 5388.00 

Tons Ou~ut Efficiency 
(kW/Ton) 

500 0.77 
450 0.77 
400 0.78 
350 0.79 
300 0.81 
250 0.85 
200 0.91 
150 1.01 
100 1.24 
50 1.95 

Annual 
EneMy Use 
(kWh~ear) 

0.00 
693.35 

9,031.44 
16,354.43 
23,429.03 
41,568.20 
94,851.27 
127,036.66 
181,086.20 
212,906.86 
706,957.45 

Peak Demand 
(kW) 

0.00 
346.68 
311.43 
277.19 
244.05 
212.08 
181.36 
151.96 
123.95 
97.40 
346.68 



Site 2468: Inputs to Model 

Parameler I Value Reported [ Units of Parameter I Notes 
City Redwood City 

Climate Zone 3 Belmont 
Pre-Retrofit Nominal Chiller Capacity SO0 Tons Application 
Pre-Retrofit Nominal Chiller Efficiency I kWlton Fix This!]l!ll 

Post-Retrofit Nominal Chiller Capacity 700 Tons Application 
Post-Retrofit Nominal Chiller Efficiency 0.524 kWlton 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 kWlton Title 24 Nominal Efficiency for Chiller > 300 Tons 

On-Site Recorded Operating Voltage 430 Voks 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 2417 Availability 
Chiller PM Lockout 0:00 PM 2417 Availability 

Chiller Sta~up 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 8110198 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 I Number of Days Chiller Operated) * 36.5 Days/Year 

6791.00 hours Predicted Run Hours Since Install Using Actual Weather & Setpoints 
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 
Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details 



Site 2468: Post-Retrofit Chiller 

Centrifugal Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 

Nom. Eft 

Nom. Tons 
nom kw 

a b c d e f 
-0.29861976 0.029960761 -0.0008012s [ 0.01736268 [ -0.00032606[ 0.00063139 1 

. . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . .  

0.524 
700 

366.8 

Outdoor 
DB 

Temperatu 
re 

Current Data 

Condenser 
Tons Output Supply temp 

Temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment 
Capacity Ratio to EIR to EIR 

Efficiency 

EIR COP kW/Ton 

VSD Correction 

Corrected 
Scaling kWlton for 
Ratio 

VSD 

102 700 80.0 55.0 704 1.000 1.00 0.77 0.1141 8.76 0.401 1.05 
97 630 79.1 53.7 711 0.900 0.89 0.78 0.1148 8.71 0.404 0.95 

92 560 78.2 52.3 716 0.800 0.79 0.78 0.1160 8.62 0.408 0.89 
87 490 77.3 51.0 720 0.700 0.70 0.79 0.1180 8.47 0.415 0.82 
82 420 76.4 49.7 722 0.600 0.61 0.80 0.1212 8.25 0.426 0.75 
77 350 75.6 48.3 724 0.500 0.52 0.81 0.1264 7.91 0.445 0.67 
72 280 74.7 47.0 724 0.400 0.44 0.82 0.1351 7.40 0.475 0.59 
67 210 73.8 45.7 722 0.300 0.37 0.82 0.1510 6.62 0.531 0.50 
62 140 72.9 44.3 720 0.200 0.30 0.83 O. 1847 5.41 0.649 0.39 

57 70 72.0 43.0 716 0.100 0.23 0.84 0.2903 3.44 1.021 0.32 

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) 

fCAPF'r I -0.290619761 0.02996076 -0.000801251 O.0t 7362681 -0.00032606 0.00063135 

IE,R- ! o.s 7,71%  o.oo,oo36  o oooo o   o oo 9 , 3! o ooooo2 o -0ooo,  6  

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-FF = 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. 

0.421 

0.385 

0.364 
0.341 
0.318 
0.298 
0.281 
0.266 
0.256 

0.330 



Site 2468: Baseline Chiller 

Centrifugal Chiller (Water-Source) 
Capacity Correction (Tout. Tin) 
Part Load Efficiency (PLR) 

Nom. Eft 

Nom. Tons 
norn kw 

a b c d e f 
i "0.29861976 0.02996076] -0.00080125 [ 0.01736268 [ "0.00032606( 0.00063139 ] 
[ 0.17149273 0.588202081 023737257! -i -] 

3i 0.5177719E -0.0040036 0.00002028i 0.00698793 i 0.00008290i -0.0001546 71 
r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .I 

0.748 

700 
523.659574 

Current Data Calculated Values 
Outdoor 

Part Load Ambient 
DB Condenser Current Part Load 

Temperatu Tons Output Temp Supply temp Capacity Ratio Adjustment Adiustment 
re to EIR to EIR 

102 700 80.0 55.O 704 1.000 1.00 0.77 
97 630 79.1 53.7 711 0.900 0.89 0.78 

92 560 78.2 52.3 716 0.800 0.79 0.78 
87 490 77.3 51.0 720 0.700 0.70 0.79 
82 420 76.4 49.7 722 0.600 O.61 0.80 
77 350 75.6 48.3 724 0.500 0.52 0.81 

72 280 74.7 47.0 724 0.400 0.44 0.82 
67 210 73.8 45.7 722 0.300 0.37 0.82 
62 140 72.9 44.3 720 0.200 0.30 0.83 
57 70 72.0 43.0 716 O. 100 0.23 0.84 

Efficiency 

EIR COP kw,rron 

VSD Correction 

Corrected 
Scaling kW/ton for 

Ratio 
VSD 

0.1629 6.14 0.573 1.05 0.602 
0.1639 6.10 0.576 0.95 0.549 
O.1657 6.04 0.582 0.89 O.519 
O. 1685 5.93 0.592 0.82 0.486 
O.1731 5.78 0.609 0.75 0.454 
O.1805 5.54 0.635 0.67 0.425 

0•1929 5.18 0.678 0.59 0.40t 
O.2155 4.64 0.758 0.50 0.380 
0.2637 3.79 0.927 0.39 0.365 
O.4145 2.41 1.457 0.32 0.472 

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) 

c^PFr -o.2s86~9761 o.o~s96o7~ -o~o~so~2s ~o~o2aot ~ ~ o o o  I o o00631~91 _ _ .  ] • 

, o. oo829oi -o.ooo154o,I 
~"~{~~ ........................................................................ i ......... ~ :~? r i~5 i [  - ~ g i ~ i ~ a ~  ........... ~ " : f  . . . . . . . . . .  J 

• , 1 . . . . .  _ _ t  ~ 

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 lemperature (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: ASHRAEIIES Standard 90.1-I 989 User's Manual - November 1992. 



Site 2468: Pre-Retrofit Chiller 

Centrifugal Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 

Nom. Eff 
Nom. Tons 
nora kw 

a b d e f 
! .-0.29861976 [ 0.02996076 -0.00080125 [ 0.01736268 -0.00032606 j 0.00063139 

i _ ° tT '+2UL 0s8  0 08 I 

1 
500 
500 

Outdoor 
D8 

Temperatu 
re 

Current Data 

Condenser 
Tons Output Temp Supply temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment 
Capacity Ratio to EIR to EIR 

Efficiency 

EIR COP kW/Ton 

VSD Correction 

Corrected 
Scaling kW/ton for 

Ratio 
VSD 

102 500 80.0 55.0 503 1.000 1.00 0.77 0.2178 4.59 0.766 1.05 0.804 
97 450 79.1 53.7 508 0.900 0.89 0.78 0.2191 4.56 0.770 0.95 0.734 
92 400 78.2 52.3 511 0.800 0.79 0.78 0.2214 4.52 0.779 0.89 0.694 

87 350 77.3 51.0 514 0.700 0.70 0.79 0.2253 4.44 0.792 0.82 0.650 
82 300 76.4 49.7 516 0.600 0.61 0.80 0,2314 4.32 0.814 0.75 0.607 
77 250 75.6 48.3 517 0.500 0.52 0.81 0.2413 4.14 0,848 0.67 0.569 
72 200 74.7 47.0 517 0.400 0.44 0.82 0.2579 3.88 0.907" 0.59 0.536 
67 150 73.8 45.7 516 0.300 0.37 0.82 0.2881 3.47 1.013 0.50 0.508 
62 100 72.9 44.3 514 0.200 0.30 0.83 0.3525 2.84 1.239 0.39 0.488 

57 50 72.0 43.0 51 t 0.1 O0 0.23 0.84 0.5540 1.80 1.948 0.32 0.630 

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) 

[ llm mll !. - u + - 
c^P  [ .0.2986,9,6] 0.02996076 .00008'0, + 00,736 08! +.00032606 r 0.00063,39 
EIRFT I 0.5177719_6J~ -0.00400363 0.00002028 l 0.006987931 0.00008290 i ..0.00015467 
~ i ~ i ~ . - R  .................................................................................. [ . . . . . . . .  ~ Z ~ ? : ~ ~ ~ , ~ - ~ ~ g - i ~ ~  . . . . . . . . .  ~ i 3 ~ g ~ [  ............................ .~ ...................................... T ................................... 

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: Weather Data 

TMY temperature data for climate zone 3 

Ternp ~ 1 ~ 2 ~ 3 ~ 4 ~ s ~ 6 ~ 6 ~ 9 ~ t ~ 1 1 : ~ ' ~ : ~ 1 3 : ~ 1 4 : ~ 1 s : ~  16:00117:00118:00119:00120:0012~:00122:00123:00)0~Ho=, 
32 3 1 4 I II i 
37 6 9 13 13 16 15 181 2 I 
42 28 31 34 46 45 44 3,B 28 12 I 1 1 

47 72 77 79 84 71 66 7g 65 43 31 12 8 6 3 2 2 
52 120 125 125 116 127 122 104 85 79 68i 60 43 26 20 11 21 

57 116 105 100 90 95 106 112 120 104 Bg~ 83 79 68 70 80 79 
62 21 17 12 1 
67 2 I I 

72 I. 

77 

82 
87 

92 l" 
97 I. 

102 

9 11 15 58 98 102! 91 77 77 83 79 84 

1 1 3 5 20 561 74 77 72 78 84 78 

2 7 91 32 51 64 61 58 57 

1 5' 10 21 31 30 28 28 
2 8 13 I I  l l  9 

1 8 7 5 6 
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3 5 
2 5 6 7 16 21 26 

2 6 21 32 44 43 48 $4 
36 53 68 78 93 107 124 127 
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37 19 9 2 408 
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28 
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Actual temperalure by hour from 08/10/98 to 10/07/99 

32 4 4 5 S Sm S 5 S 

3~ 3 4 8 8 10! 12 13 8 5 
42 34 36 36 44 45 49 39 32 14 7 4 4 2 2 2 2 

4P 66 69 75 69 69 60 52 40 38 29 20 9 9 7 7 8 
52 104 105 101 107 112 93 83 68 62 49 46 42 32 32 33 36 

5~ 146 144 143 139 134 141 110 87 69 77 74 65 65 69 76 84 
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Installation of EMS (Site 2475 & 2476) 

Program 
Measure 
Site Description 

Advanced Performance Options Program 
Installation of Energy Management System 
Personal Service 

Measure Description 

Summary of Ex Ante 
Impact Calculations 

Comments on PG&E 
Calculations 

Evaluation Process 

Additional Notes 

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. 

Impact Results 

2475 KW KWh Therm 
MDSS 0 219,176.15 : 0 

0 219,176.15 0 Adjusted 
Engineering 
Engineering 

Realization Rate 
N / A  1.00 N / A  

2476 KW KWh Therm 
MDSS 0 1,064,708.06 0 

0 1,064,708.06 0 Adjusted 
Engineering 
Engineering 

Realization Rate 
N / A  1.00 N / A  



Chiller Replacement (Site 2482) 

Program 
Measure 

Advanced Performance Options Program 
High Efficiency Water-Cooled Chiller 
Health Care/Hospital Site Description 

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. 



Additional Notes 

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. 

Impact Results 

KW KWh Therm 
MDSS 99 485,735.99 0 

77.51 132,540.79 0 Adjusted 
En~ineerin8 
Engineering 

Realization Rate 
0.78 0.27 N/A 



Site 2482: Results 

Impacts Enemy Demand 
MDSS 485,736 99 

QC 132,541 78 
Realization Rate 0.27 0.78 

Title 24 Baseline Chiller #2 
Nom. Eft 0.748 

Nom. Tons 235 
nom kw 175.780 

Outdoor DB Operating 
Temperature (F) Hours per Tons Output 

year (TMY) 

112 0.00 235 
107 5.00 212 
102 96.00 188 
97 216.00 165 
92 345.00 141 
87 418.00 118 

Totals 1,080.00 

Title 24 Baseline Chiller 113 
Nom. Eft 0.748 

Nora. Tons 235 
nom kw 175.780 

Outdoor DB Operating 
Temperature (F) Hours per 

year (TMY) 

112 0.00 
107 5.00 
102 96.00 
97 216.00 
92 345.00 
87 418.00 
82 544.00 

77 606.00 

72 722.00 

67 842.00 

62 965.00 

Totals 4,759.00 

Efficiency 
(kW/Ton) 

0.62 
0.61 
0.62 
0.62 
0.63 
0.66 

Annual Enemy 
Use (kWh/year) 

0.00 
649.18 

11,108.28 
22,074.05 
30,807.18 
32,196.59 

Peak Demand 
(kW) 

144.56 
129.84 
115.71 
102.19 
89.30 
77.03 

96,835.28 144.56 

Tons Output 

235 
212 
188 
168 
141 
118 
235 
188 
141 
94 
47 

EMciency 
(kW/Ton) 

0.62 
0.61 
0.62 
0.62 
0.63 
0.66 
0.68 
0.66 
0.66 
0.70 
0.92 

Annual Enerb~' 
Use (kWh/year) 

0.00 
649.18 

11,108.28 
22,074.05 
30,807.18 
32,196.59 
86,497.30 
74,876.18 
66,865.15 
55,487.98 
41,663.09 

Peak Demand 
(kW) 

144.56 
129.84 
115.71 
102.19 
89.30 
77.03 
159.00 
123.56 
92.61 
65.90 
43.17 

422,224.98 159.00 

Post-Retrofit Chiller#2 

Nom. Eff J 0.557 
Nom. Tons 235 

nom kw 130.895 

Outdoor DB Operating 
Hours per 

Temperature (F) year (TMY) 

112 0.00 
107 5.00 
t 02 96.00 
97 216.00 
92 345.00 
87 418.00 

Totals 1,080.00 

Post-Retrofit Chiller 13 
Nom. Eft I 0.587 

Nora. Tons I 235 
nom kw 130.895 

Tons Output 

235 
212 
188 

165 
141 
118 

Efficiency 
(kW.rl'on) 

0.46 
0.46 
0.46 
0.46 
0.47 
0.49 

Outdoor DB 
Temperature (F) 

112 
107 
102 
97 

92 
87 
82 
77 
72 
67 
62 

Totals 

Operating 
Hours per 
year (TMY) 

0.00 
5.00 
96.00 

216.00 
345.00 
418.00 
544.00 
606.00 
722.00 
842.00 
965.00 

4,759.00 

Tons Output 

235 
212 
188 
165 
141 
118 
235 
188 
141 
94 
47 

Efficiency 
(kW.rron) 

0.46 
0.46 
0.46 
0.46 
0.47 
0.49 
0.50 
0.49 
0.49 
0.52 
0.68 

Annual 
Energy Use 
(kWh~ear), 

(TMY) 
0.00 

483.41 
8,271.81 
16,437.49 
22,940.64 
23,975.27 
72,108.63 

Annual 
EneMy Use 
(kWh~ear), 

(TMY) 
0.00 

483.41 
8,271.81 
16,437.49 
22,940.64 
23,975.27 
64,410.42 
55,756.73 
49,791.30 
41,319.25 
31,024.52 
314,410.85 

Peak Demand 
(kW) 

107.65 
96.68 
86.16 
76.10 
66.49 
57.36 

Operating 
Hours per year 

(Actual) 

0.00 
35.00 
113.00 
226.00 
373.00 
437.00 

Annual Energy 
Use 

(kWh/year), 
(Actual) 
0.00 

3,383.89 
9,736.61 
17,198.49 
24,802.49 
25,065.06 

107.65 1,184.00 80,186.53 

Peak Demand Operating AnnuaIuseEnergyl 
Hours per year 

(kW) (Actual) (kWh/year),' 
(Actual) 

107.65 
96.68 
86.16 
76.10 
66.49 
57.36 
118.40 
92.01 
68.96 
49.07 
32.15 

0.00 
35.00 
113.00 
226.00 
373.00 
437.00 
551.00 

4,139.00 
672.00 
813.00 
884.00 

0.00 
3,383.89 

9,736.61 
17,198.49 
24,802.49 
25,065.06 
65,239.23 

380,820.31 
46,343.15 
39,896.14 
26,420.39 

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 
Post-Retrofit Chiller #1 Nominal Capacity 
Post-Retrofit Chiller #1 Nominal Efficiency 

Pre-Retrofit Chiller #2 Nominal Capacity 
Pre-Retrofit Chiller #2 Nominal Efficiency 
Post-Retrofit Chiller #2 Nominal Capacity 
Post-Retrofit Chiller #2 Nominal Efficiency 

0.76 
210 

0.76 

88.5 
0.82 
235 

0.557 

kW/ton 
Tons 

kW/ton 

Tons 
kW/ton 

Tons 
kW/ton 

Application 
Same as Pre-Retrofit; Chiller Used for Emergency Backup Only 
Same as Pre-Retrofit; Chiller Used for Emergency Backup Only 

Application 
Application 
Application 

From Chiller Rating Sheet 
Post-Retrofit Chiller #2 Full Load Amps 

Post-Retrofit Chiller #2 Startup OSA Temperature 
Post-Retrofit Chiller #2 Max Load OSA Temperature 

Post-Retrofit Chiller u2 Chilled Water Supply Temperature Setpoint 
Post-Retrofit Chiller #2 Condenser Water Temperature Setpoint 

Pre-Retrofit Chiller #3 Nominal Capacity 

236 
85 
? 

48 
74.55 

88.5 

FLA 

Tons 

From York Manual 
Contact provided estimate 
Contact provided estimate 
Contact provided setpoints 
Contact provided setpoints 

Application 
Pre-Retrofit Chiller #3 Nominal Efficiency 
Post-Retrofit Chiller #3 Nominal Capacity 
Post-Retrofit Chiller #3 Nominal Efficiency 

Post-Retrofit Chiller #3 Full Load Amps 
Post-Retrofit Chiller #3 Starlup OSA Temperature 

Post-Retrofit Chiller #3 Max Load OSA Temperature 
Post-Retrofit Chiller #3 Chilled Water Supply Temperature Setpoint 

Post-Retrofit Chiller #3 Condenser Water Temperature Setpoint 
Baseline Chiller Efficiency 

Chiller AM Lockout 
Chiller PM Lockout 

Post-Retrofit Chiller #2 Run Hours 
Post-Retrofit Chiller #3 Run Hours 

Total Post-Retrofit Chiller Run Hours 
Date of Chiller Installation 
Date at Run Hour Reading 

Number of Days Chillers Operated 

0.82 
235 

kW/ton 
Tons 

Application 
Application 

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 I 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 I Number of Days Chiller Operated) ° 365 Days/Year 

Average Hours per Year of Operation for Both Chillers 5.504.11 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 

0.557 kW/ton From Chiller Rating Sheet 
236 FLA From York Manual 
62 F Contact provided estimate 
? F Contact provided estimate 

45 F Contact provided setpoints 
72.5 F Contact provided setpoints 

0.748 kW/ton Title 24 Nominal Efficiency for Chiller > 300 Tons 

0:00 AM 24 hours per day, 7 days per week 
0:00 PM 24 hours per day, 7 days per week 
3931 hours Documented from Chiller Log 
3820 hours Documented from Chiller Log 
7751 hours = Chiller//2 Run Hours + Chiller #3 Run Hours 

3115198 Contact provided estimate 
8110•99 

514 



Site 2482: Post-Retrofit Chil ler #2 

Centrifugal Chil ler (Water-Source) 

Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 

Temp Efficiency (Tout, Tin) 

Nom. Eff 

Nora. Tons 

nom kw 

a b c d e f 
[ -0.29861976 i 0.02996076 -0.00080125 I 0.01736268 .0.00032606[ 0.00063139 

! l t 1 
0.557 

235 

130.895 

Outdoor  
DB 

Temperatu 

re 

112 

107 

102 

97 
92 

87 

Current Data Calculated Values 

Part Load Ambient 
Condenser Current Part Load 

Tons Output Supply temp Adjustment Adjustment 
Temp Capacity Ratio 

to EIR to EIR 

Efficiency 

EIR COP kW/Ton 

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 78.5 49 242 0.500 0.52 0.83 0.1388 7.20 0.488 

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

Chil ler Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual  -- Central Plant Cool ing Equipment) 

I I _,_~u~: i l ~ l  ~ . . . ~  " , " ~ " - . ' , : ' r ' = - - " ~ :  ! I o o  9oo,  .o.ooo8o,   .o.ooo  oo6j o.oooo , , 
................................................................................... ~ ......... 6 ~ - 7 - - ~ ~  l--:6T6~,~b~~ ............. 6~i~i~6-62~2-/~ ............ o:o~8~,-9-.~ .......... i~66b-oi~gbl ............ :6T665~s~i6~ 

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 chi l led 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 condit ions (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 chil led 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 1 992. 



Site 2482: Post-Retrofit Chiller ~3 
Centrifugal Chiller (Water-Source) 

Capacity Correction (Tout, Tin) 

Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

Nom. Eft 
Nom. Tons 
nom kw 

a b c d e f 
i -o.~986t9~6i o.o2996o~61 .o.ooo8o,2s I o.ot~3o268 I -o.ooo326o6i o.ooo63,39 

i I . . . . . . . .  

0.557 
235 

130.895 

Current Data Calculated Values Efficiency 
Outdoor 

Part Load Ambient 
DB Condenser Current Part Load 

Temperatu Tons Output Temp Supply temp Capacity Ratio Adjustment Adjustment EIR COP 
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 0.70 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 O.SO0 0.52 0.83 0.1388 7.20 0.488 
82 23S 83 48 236 1.000 1.00 0.91 0.1433 6.98 0.504 
77 188 80.5 47.25 238 0.800 0.79 0.89 0.1392 7.18 0.489 
72 141 78 46.5 240 0.600 0.61 0.86 0.1391 7.19 0.489 

67 94 75.5 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 

kWiTon 

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) 
' , | 

'CAPFTIC-~ Z'~7"~-"~'~ P [ -  ~ Jim 00~996076 -0.00080'2SI 0.0t73626- '-0.00032006" 8] i -0:00~637.! 19i 
° 29861976r .......... ~Td~b~#~.~ ....... 6.0660829b I --0.000i-s46~,] ii~ii~ff ............................................................................ !I ........ 0 . ~ i ~ , - i ~  I ' i~~ i~~?, .~ - .  .......... d.i~6~6~b-~8 I 

i"_.2 ~ i o.,~,~,~ i o.~o~o~ o.2~,~,~, ] -] 

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 temperalure (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 -I 989 User's Manual - November 1992. 



Site 2482: Baseline Chiller #2 

Centrifugal Chiller (Water-Source) 

Capacity Correction (TOut, Tin) 

Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

Nom. Eft 

Nom. Tons 
nora k w 

b c d e f 
-0.29861976 [ 0.02996076 -0.00080125 0.01736268 [ -0.00032606 ~ 0.00063139 

. . . . . . .  ° ~!~9~[ . . . .  2.~8.~.~2~, o.2~,3~2~7, t -i - 

0.748 

235 
175.78 

Outdoor 

DB 
Temperatu 

re 

Current Data 

Condenser 
Tons Output Supply temp 

Temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment 
Capacity Ratio to EIR to EIR 

Efficiency 

EIR COP kW/Ton 

112 235 83.5 54 236 1.000 1.00 0.82 0.1750 5.72 0.615 

107 212 82.5 53 238 0.900 0.89 0.83 0.1746 5.73 0.614 
102 188 81.5 52 239 0.800 0.79 0.83 0.1751 5.71 0.615 

97 165 80.5 51 240 0.700 0.70 0.83 0.1767 5.66 0.621 

92 141 79.5 50 241 0.600 0.61 0.83 0.1801 5.55 0.633 
87 118 78.5 49 242 0.500 0.52 0.83 0.1864 5.36 0.656 

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) 

IC',PFT i-029861976i 002996076i-00008~12~1 0.017362681-600032~06T 0000631391 

~ ~ 0.,7149~,3 i 0,8~020~ 0~3~72~, I .[ i --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 + (8 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: Baseline Chiller #3 

Centrifugal Chiller (Water-Source} 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 

Temp Efficiency (Tout, Tin) 

a b d e f 
L l "0" 298~6.1-9~.] 0.02996076 

[ 0.17149273] 0.58820208 

[ 0.51777196 i -0.00400363 

Nora. Eft 0.748 
Nom. Tons 235 
nom kw 175.78 

oooo.o, i oo,,,,2. I oooo, oo, 1 oo00.,,,9, 
........... o : ~ L ~ ! ! ! ~ l  - - - -  . . . . .  -, -i 

o.oooo2o28 i 6:o66-,~8~a5/' " a:a~i58296[ .a.oooi ~-~ i 

Current Data Calculated Values Efficiency 
Outdoor 

Part Load Ambient 
DB Condenser Current Part Load 

Temperatu Tons Output Temp Supply temp Capacity Ratio Adjustment Adjustment EIR COP 
re to EIR to EIR 

112 235 83.5 54 236 1.000 1.00 0.82 0.1750 5.72 0.615 
107 212 82.5 53 238 0.900 0.89 0.83 0.1746 5,73 0.614 
102 188 81.5 52 239 0.800 0.79 0.83 0.1751 5.71 0.615 

97 165 80.5 51 240 0.700 0.70 0.83 0.1767 5.66 0.621 

92 141 79.5 S0 241 0.600 0.61 0.83 0.1801 5.55 0.633 
87 118 78.5 49 242 0.500 0.52 0.83 0.1864 5.36 0.656 
82 235 83 48 236 1.000 1.00 0.91 0.1924 5.20 0.677 
77 188 80.5 47.25 238 0.800 0.79 0.89 0.1869 5.35 0.657 
72 141 78 46.5 240 0.600 0.61 0.86 0.1868 5.35 0.657 
67 94 75.5 45.75 242 0.400 0.44 0.84 0.1994 5.02 0.701 

62 47 73 45 242 0.200 0.30 0.82 0.2613 3.83 0.919 

kW/Ton 

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) 

ICAPFT [ °0.29861976| 0.02996076| -0.000801251 0.01736268 -0.00032606 i 0.00063"139 

, -i -I 

CAP-FI = 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 + (8 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: Wealher Dala 

TMY temperalure data 

Temp J," o : o o ,  o o o o o  1002:002"003:003"004:004'005:005-006:0(6007008'00 . . . . . . . . . . . . . . . .  9"00 I 0 - 0 0 1 1 " 0 0 1 2 " 0 0 1 3 ' 0 0 1 4 " 0 0 1 5 " 0 0 1 6 " 0 0 1 7 ' 0 0 1 8 " 0 0 1 9 - 0 0 2 0 ' 0 0 2 1 ' 0 0 2 2 ' 0 0 2 3 " 0 0  OnH~On Hours 
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mmmmmmmmuumii:mi izm zm mizaim mmeiummm 
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m m m m m m m m m m m m m m m m m m m m m m m m  

OnHou~forChiiler'2ll 01 01 01 01 01 01 01 21 131 371 661 931 1151 1221 1281 1331 1211 961 781 481 191 81 11 011 ,oao.oo 
On Hou~ for Ch"'er "3 il 1391 1301 1191 1081 1061 1191 1341 166120112201 2441 2611 2841 2881 2911 2921 2741 2501 2311 2111 1921 1821 1631 14811 4769.oo 
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 

Temp II 0:00l h ° ° l  2:00[ 3:0014:001 s:oo[ 6:0017:0018:0019:00110:00] 11:00[ 12:00113:00114:00115:00116:00117:00118:00119:00120:00121:00122:00123:0011On 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 15 16 15 19 18 16 12 6 2 3 1 2 1 1 1 2 2 4 2 5 4 5 
37 15 21 17 20 27 30 31 28 21 16 13 9 6 3 3 3 5 7 9 11 14 18 19 17 

42 33 37 39 37 40 40 44 29 24 18 11 10 12 11 7 6 9 9 12 13 18 16 23 25 

47 49 54 59 57 55 50 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 41 51 50 45 45 41 48 38 35 40 47 51 55 48 41 45 43 51 51 46 44 44 40 40 

62 40 36 39 41 40 39 34 34 39 27 36 36 32 42 46 41 42 39 29 33 27 31 42 39 884 
67 33 39 39 41 41 42 40 33 30 42 24 29 37 37 35 34 30 26 22 26 32 34 33 34 813 
72 42 34 29 24 20 18 22 39 30 31 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 10 21 25 38 38 32 29 27 27 33 32 26 30 21 30 37 17 16 551 
87 I0 6 3 2 I I 2 8 16 22 28 33 33 30 28 28 24 23 25 41 28 17 14 14 437 

92 I 7 13 20 26 33 34 34 33 34 39 38 21 16 13 9 2 373 
97 4 10 17 18 25 29 30 31 24 15 14 8 I 226 

102 2 7 15 18 16 IS 16 14 I0 113 
107 I 3 I1 12 7 I 35 
112 0 

On Hou-- for Chiller "2 ll 101 61 31 21 11 11 21 91 231 391 601 031 1001 1101 ,181 1181 1121 1011 881 701 621 ~I I 231 1611 . ~ . 0O  
On Hou~ for Chilter "3 Jl 1601 1461 1391 1311 1221 1211 1291 i671 18312041 2261 2421 2541 2721 2o01 2751 2671 2601 2291 2191 2041 1921 1831 170li 4754.00 



EMS System Upgrade (Site 2488) 

I Program 
Measure 
Site Description 

Advance Performance Options 
EMS And HVAC System Control 
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 controlled 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 There are also impacts associated with controlling the temperatures  of 
the chiller, boiler, and condenser  water, which were not  est imated 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. 

Impact Results 

KW KWh Therm 
MDSS 0.0 118,304.67 9,819 

0.0 109,802.87 8,544.56 Adjusted 
Engineering 
Engineering 

Realization Rate 
N / A  0.93 0.87 



Site 2488: Inputs and Results 

Inputs 

I Parameter Value u nits 

Load Factor 0.63 
420 Cooling Degree Days 

Chiller Efficiency 
Heating Degree Days 

Boiler Efficiency 

1.3 
2962 
0.84 

Days 
kW/ton 
Days 

Results 

Fans 
$I and E3 

$2, $3, $6, E4 and E5 
$4, E7, and E12 

E9 
Total 

II Ex Ante 
kWh 

20,053.56 
40,470.21 
50,447.22 
7,321.94 

I[ 118,304.67 

Therms 
1,146.29 
2,174.38 
6,498.46 

N/A 
9,819.00 

Ex Post 
kWh 

24,684.98 
38,560.57 
39,235.38 
7,321.94 

109,802.87 

Therms 
1,411.03 
2,079.17 
5,054.36 

N/A 
8,544.56 

Realization Rate 
kWh 
1.23 

0.95 
0.78 
1.00 

0.93 

Therms 
1.23 

0.96 
0.78 
N/A 
0.87 



Site 2488: Ex Ante Impact Calculations 

Supply and Exhaust Fan Savinss 
Post-Retrofit Conditions 

Fan 

S-I 
5 - 2  'P 

5 - 3  " 

S-4 
5 - 6  * 

E-3 

Serves 

Lobby, Offices 
Fellowship Hall, Chapel 

Rec Room, Hobby Rooms 
Dinin 8 Room, Kitchen 

Solarium 
lstFIoor, Lobby, Offices 

Chapel 

Pre-Retrofit 
Hours per 

Year 

8,760 
8,760 

Start Time 

8,760 

6:30 AM 
7:00 AM 

8,760 7:00 AM 
8,760 5:00 AM 

7:00 AM 
8,760 

8,760 

6:30 AM 
E-4 * 8,760 7:00 AM 
E-5 * Hobby Rooms 8,760 7:00 AM 
E-7 Kitchen 8,761 5:00 AM 
E-9 Kitchen 8,760 5:00 AM 

E-I 2 Kitchen 5:00 AM 

Hours per Hours per 
Stop Time Day Year 

11:30 PM 17 6,205 
7:00 PM 12 2,628 
7:00 PM 12 3,504 
8:00 PM 15 5,475 
7:00 PM 12 2,628 
11:30 PM 17 6,205 
7:00 PM 12 2,628 
7:00 PM 12 3,504 
8:00 PM 15 5,475 
8:00 PM 15 6,205 

I 

8:00 PM 15 5,475 [ 

Motor Full 
Load 

Horsepower Efficiency kW 

10 0.85 5.53 
3 0.81 1.74 
3 0.81 1.74 
15 0.86 8.20 
3 0.81 1.74 
3 0.81 1.74 

1.5 0.80 0.88 
0.5 0.70 0.34 
3 0.81 1.74 
5 0.82 2.87 
5 0.82 2.87 

Pre- Post- 
Retrofit Retrofit 
kWh kWh 

48,436 34,309 
15,248 4,574 
15,248 6,099 
71,809 44,880 
15,248 4,574 
15,248 10,801 
7,719 2,316 
2,941 1,176 
15,250 9,530 
25,104 17,782 
25,104 15,690 

kWh 
Savings 

14,127 
10,674 
9,149 
26,928 
10,674 
4,447 
5,404 
1,764 
5,720 
7,322 
9,414 

Occupancy Sensors Added to Reduce Post-Retrofit Operating Hours 

Fan cfm 

Heatin~ and Coolin s Savinss 
Existing 

Cooling kWh 

Proposed 
Heating 
Therms 

Heating 
Therms Cooling kWh 

1,051 

S-1 4,300 5,071 3,930 3,592 2,784 
S-2 1,340 1,580 1,225 474 367 
S-3 1,060 1,250 969 500 388 
S-4 18,960 22,361 17,329 13,975 10,831 
S-6 1,150 1,356 407 315 

Savin[~s 
Cooling I Heating 

kWh Therms 

1,479 1,146 
1,106 857 
750 581 

8,385 6,498 
949 736 

Savin[~s Summary 
Fan ] kWh ] Therms 

$1 and E3 20,054 1,146 
$2, 53, $6, E4, E5 40,470 2,174 

$4, E7, E12 50,447 6,498 
E-9 7,322 i N/A 

Total I 118,304.67 I 9,819 



Site 2488: Ex Post Impact Calculations 

Supply and Exhaust Fan Savings 
Post-Retrofit Conditions 

Fan 

S-1 
5-2 * 
5-3 * 
S-4 

S-6 * 

E-3 
E-4 * 

Serves 

Lobby, Offices 
Fellowship Hall, Chapel 

Rec Room, Hobby Rooms 
Dinin 8 Room, Kitchen 

Solarium 
1st Floor, Lobby, Offices 

Chapel 

Pre-Retrofit 
Hours per 

Year Start Time Stop Time 

8,760 6:00 AM 9:23 PM 
8,760 7:00 AM 8:00 PM 
8,760 6:00 AM 8:00 PM 
8,760 
8,760 
8,760 
8,760 

3:30 AM 
7:00 AM 
6:00 AM 
7:00 AM 

8:30 PM 
7:00 PM 

8,760 

9:23 PM 
8:00 PM 

E-5 * Hobby Rooms 8,760 6:00 AM 8:00 PM 
E-7 Kitchen 8,760 3:30 AM 8:30 PM 
E-9 Kitchen 8,760 3:30 AM 8:30 PM 
E-I 2 Kitchen 3:30 AM 8:30 PM 

Hours per Hours per 
Day Year 

15 5,615 
13 2,847 
14 4,088 
17 6,205 
12 2,628 
15 5,615 
13 2,847 
14 4,088 
17 6,205 
17 6,205 
17 6,205 

Motor Full 
Load 

Horsepower Efficiency 
10 0.85 
3 0.81 
3 0.81 
15 O.86 
3 0.81 
3 0.81 

1.5 0.80 
0.5 0.70 
3 0.81 
5 0.82 
S 0.82 

Pre- 
Retrofit 

kW kWh 

5.53 48,436 
1.74 15,248 
1.74 15,248 
8.20 71,809 
1.74 15,248 
1 .74  15,248 
0.88 7,719 
0.34 2,941 
1.74 15,248 
2.87 25,104 
2.87 25,104 

Post- 
Retrofit 

kWh 

31,046 
4,956 
7,116 

50,864 
4,574 
9,774 
2,509 
1,372 
10,801 
17,782 
17,782 

kWh 
Savings 

17,390 
10,293 
8,132 

20,944 
10,674 
5,475 
5,211 
1,568 
4,447 
7,322 
7,322 

* Occupancy Sensors Added to Reduce Post-Retrofit Operating Hours 

Fan cfm 

Heatin 8 and Cooling Savings 
Existing Proposed 

Cooling kWh 
Heating 
Therms Cooling kWh 

Heating 
Therms 

S-1 4,300 5,071 3,930 3,251 2,519 
S-2 1,340 1,580 1,225 514 398 
S-3 1,060 1,250 969 583 452 
S-4 18,960 22,361 17,329 15,839 12,275 
S-6 1,150 1,356 1,051 407 315 

Savings 
Cooling Heating 

kWh Therms 

1,821 1,411 
1,067 827 
667 517 

6,522 5,054 
949 736 

Savings Summary 
Fan [ kWh 

$1 and E3 24,685 1,411 
52, $3, $6, E4, E5 38,561 2,079 

$4, E7, E12 39,235 5,054 
E-9 7,322 N/A 

Total [ 109,803 I 8,545 

I Therms 



Other Customized Equipment (Site 2497) 

Program 
Measure 
Site Description 

Advanced Performance Options Program 
Other Customized Equipment 
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 

KW KWh Therm 
MDSS 75.3 1,025,633.9 0 

Adjusted 83.17 1,076,033.55 0 
EnBineerin ~ 
Engineering 1.10 1.05 N/A 

Realization Rate 



iite 2497: Results 

MDSS [ 
QC 

Therms 

75.30 1025633.90 
83.17 1076033.55 

0.00 
0.00 

Realization Rate [[ 1.10 1.05 N/A 



Order of Application and Summary of the Measure Savings 

i l  
12 
13 
14 

Order 

10 

Existing Proposed Energy Existing 

End Use 

Cooling Tower Fans 
Chillers 
Chillers 
Chillers 
Chillers 
Chillers 
Chillers 
Chillers 
Chilled Water Pumps 
Chilled Water Pumps 
Air Handler AC-1 
Air Handler AC-2 
Air Handler AC-3 
Air Handler AC-4 

Measure 

8 

6 

kWh 

140,121 
773,921 
576,779 
426,551 
413,225 
271,581 
270,241 
268,028 
416,498 
321,520 
6 0 4 , 4 4 0  

349,341 
331,874 
313,659 

kWh 

47,486 
576,779 
426,551 
413,225 
271,581 
270,241 
268,028 
263,060! 
321,520 
299 ,492  

349,341 
331,874 
313,659 
248,907 

Savings 

92 634 
197 142 
150 228 

13 326 
141 644 

1 340 
2213 
4 968 

94,978 
22,028 

255,099 
17,467 
18,215 
64,752 

Peak kW 

33.2 
2 7 9 . 0  

279.0 
249.31 
249.3 
249.3 
236.9 
236.9 

48.1 
34.6 

167.9 
167.9 
159.5 
159.5 

Proposed 
Peak kW 

14.0 
279.0 
249.3 
249.3 
249.3 
236.9 
236.9 
236.9 

34.6 
34 .6  

167.9 
159.5 
159.5 
159.5 

Demand 
Reduction 

19.2 
0.0 

29.7 
0.0 
0.0 

12.5 
0.0 
0.0 

13.5 
0.0 
0.0 
8.4 
0.0 
0.0 

Total: 1,076,034 Total: 83.2 

Cross Reference 

Att. 7 
Measure 1 
Measure 2 

Measure 3 
Measure 4 

of Measures (Attachment 7 vs 

Site Survey 
Equipment Measure 2 
Control System Measure 4 

Equipment Measures 3 & 6 
Equipment Measure 5 

Existing 'Proposed Energy 

Equipment Measure 4 

Site Survey) 

kWh 

716,900 
426,551 

416,498! 
321,520 

kWh 

620,922 

474,037 

Savings 

242,863 

Existing 
Peak kW 

312.2 

Proposed 
Peak kW 

263.3 
249.3 

Demand 
Reduction 

48.9 
413,225 13,326 249.3 0.0 

321,520 94,978 48.1 34.6 13.51 
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 Control 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 9 417.2~ 396.3 20.9 602,115 18,807 

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-I 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 
(binned (assumed to 

average TMY never drop 
OA Temp data) Hours below 40 tonsl 

31 28.0 1 40 
32 29.5 4 40 
33 30.4 7 40 
34 31.3 8 40 
35 32.6 7 40 
36 32.8 16 40 
37 32.8 13. 40 
38 34.9 18 40 
39 36.0 27 40 
40 37.5 52 40 
41 38.3 46 40 
42 39.3 66 40 
43 40.4 82 40 
44 40.9 120 40 
45 42.2 121 40 
46 42.9 147 40 
47 44.0 190 40 
48 45.1 191 40 
49 45.8 265 40 
50 46.6 267 40 
51 47.7 I 363 40 
52 48.3 384 40 I 

53 49.4 435 40 : 
54 50.4 i 427 53.75 
55 51.2 455 78.125 
56 52.2 504 102.5 ! 

57 53.2 475 126.875 
58 53.7 539 151.25 
59 54.3 455 175.625 
60 55.2 432 200 
61 55.6 343 224.375 
62 56.4 309 248.75 
63 56.8 210 273.125 
64 57.5 234 297.5 
65 57.9 230 321.875 
66 58.8 159 346.25 
67 59.1 174 370.625 
68 59.8 133 390 
69 60.2 146, l 390 
70 60.8 110 ~ 390 
71 61.4 132 390 
72 62.1 92 390 
73 I 61.9 60 390 

74 62.4 79 I 390 
75 61.9 38 I 390 
76 61.8 33 ;- - 390 
77 61.5 23 390 
78 61.6 26 390 ; 
79 62.8 12 390 
80 62.5 18 390 

81 62.8 11 390 

82 63.5 16 390 

83 63.4 11 390 
84 63.6 11 390 

8 - ~  -- 63.------~ 5 - - 3 9 0  -- 

86 63.4 5 390 
---~---- 64.3 8 390 

88 65.7 7 390 
i 89 64.7 6 390 
I" 90 65.5 2 390 
i 

Totals: 1 8760 J 

Chiller 
Efficiency 
(kW/lon) 

Heal 
Rejected Percent 
to Tower Fan Power Motor Demand Energy 
(Mbtu/hr) Required Efficiency (kW} (kWh) 

544.90 0% 
544.90 0% 
544.90 0% 
544.90 0% 
544.90 0% 
544.90 0% 
544.90 0% 
544.90 0% 
544.90 0% 
544.90 25% 0.86 8.7 454 
544.90 25% 0.86 8.7 401 
544.90 25% 0.86 8.7 576 
544.90 25% 0.86 8.7 715 
544.90 25% 0.86 8.7 1,047 
544.90 25% 0.86 8.7 1,056 
544.90 25% 0.86 8.7 1,283 ! 

I 

544.90 25% 0.86 8.7 1,658 I 
544.90 25% 0.86 8.7 1,667 I 
544.90 25% 0.86 8.7 2,312 

1.12 697.80 25% 0.86 8.7 2,330 
1.12 697.80 25% 0.86 8.7 3,167 
1.12 697.80 25% 0.86 8.7 3,350 
1.12 697.80 25% 0.86 8.7 3,795 
1.01 895.18 25% 0.86 8.7 3,726 
0.84 1,226.38 25% 0.86 8.7 3,970 
0.73 ; 1,550.28 25% 0.86 8.7 4,397 
0.62 I 1,855.87 25% 0.86 8.7 4,144 
0.56 I 2,168.98 25% 0.86 8.7 4,703 
0.53 2,490.08 25% 0.86 8.7 3,970 
0.51 2,813.02 25% 0.86 8.7 3,769 
0.51 3,147.95 100% 0.90 33.2 11,372 
0.53 3,499.86 100% 0.90 33.2 10,245 
0.54 3,845.77 100% 0.90 33.2 6,963 
0.57 4,213.66 100% 0.90 33.2 7,758 
0.59 4,575.55 100% 0.90 33.2 7,626 
0.61 i 4,940.77 100% 0.90 33.2 5,272 
0.62 J 5,296.66 100% 0.90 33.2 5,769 
0.63 5,583.47 100% 0.90 33.2 4,410 
0.63 5,583.47 100% 030 33.2 4,841 
0.63 5,583.47 100% 0.90 33.2 3,647 
0.63 5,583.47 100% 0.90 33.2 4,377 
0.63 5,$83.47 100% 0.90 33.2 3,050 
0.63 5,583.47 100% 0 . ~  33.2 1,989 
0.63 5,583.47 100% 0.90 33.2 2,619 
0.63 5,583.47 100% 0.90 33.2 1,260 
0.63 = 5,583.47 100% 0.90 - - -  33.2 1,094 
0.63 5,583.47 100'7o 0.90 33.2 763 
0.63 i 5,583.47 100% 0.90 33.2 862 
0.63 5,583.47 100% 0.90 33.2 398 
0.63 5,583.47 100% 0.90 33.2 597 
0.63 5,583.47 100% 0.90 33.2 365 
0.63 5,583.47 100"/o 0.90 33.2 530 
0.63 5,583.47 100% 0.90 33.2 365 
0.63 5,583.47 100% 0.90 33.2 365 
0.63 5,583.47 100% 0.90 33.2 166 
0.63 5,583.47 100% 0.90 33.2 166 

0.63 i 5,583.47 100% 0.90 33.2 265 
0.63 5,583.47 100% 0.90 33.2- 232 
0.63 5,583.47 100% 0.90 33.2 1 199 

I 

0.63 5,583.47 100% 0.90 33.2 66 
33.2 140,121 

Tower Fan Total Fan 



Proposed Tower Operation Analysis 
(Two Towers with Parallel Fans and 5 Degree F Approach) 

Average We( Average I 
Bulb Building 5 F Brake Efficiency i 

Temperature Cooling Load Heal Approach Percen( Horsepower (from Asea 
(binned i (assumed (o Chil ler ReiecIed ~ wi lh a 15 CFM From Required 40 HP Tower Fan Brown Total Fa 

average TMY never drop Efficiency to Tower CHWS Reset Delia from One Fan (both Molor Demand Roveri- Energy 

iDA Temp data) Hours:below 40 tons (kW/lon) (Mbtu/hr) Temperalure , CHWST) Required towers)' E(ficienc (kW) "ABB') ! [kWh) 

31 28.0 
32 29.5 
33 30.4 
34 31.3 
35 32.6 
36 32.8 
37 32,8 

38 34.9 

39 36.0 
40 37.5 
41 38.3 
42 

43 
44 
45 
46 

47 

40 
49 
5O 
51 

52 

53 
54 

55 

56 
$7 

59 
60 
61 
62 
63 
64 

65 

39.3 
40.4 
40.9 
42.2 
42.9 

44.0 
45.1 
45.8 
46.6 
47.7 

48.3 
49.4 
50.4 
51.2 

52.2 

53.2 
. . . .  53.7 

54.3 
55.2 

55.6 
56.4 
56.8 
57.5 

57.9 

1 40 
4 
7 

8 
7 
16 
13 

18 . _ _  
27 
52 
46 

66 
02 
120 
121 
147 

190 
191 

265 
267 
363 
384 
435 
427 53.75 
455 78.125 

504 102.5 

475 126.075 

539 151.25 
455 175.625 
432 
343 224.375 
309 248.75 
210 273.125 
234 297.5 

230 321.875 

66 
67 

68 
69 
70 
71 
72 
73 

74 

75 
76 

58.8 159 346.25 
59.1 174 370.625 
59.8 133 390 
60.2 146 390 

60.0 110 390 
61.4 t32 
62.1 92 390 
61.9 60 390 

62.4 79 390 

61.9 38 390 

61.8 33' - -  390 
77 61.5 

78 61.6 

79 62.8 
80 62.5 
81 62.8 

82 63.5 
03 63.4 

04 63.6 

05 63.6 

86 63.4 

87 64.3 

23 390 
26 390 
12 390 

11 390 
16 390 

II 390 

11 390 

5 390 
5 390 
8 390 

88 65,7 7 

89 64.7 6 

Proposed 
CWST 

(Based on Total Fan VFD 

Fan 

0.0 N/A 0% 0.0 
0.0 N/A 0% 0.0 
0.0 N/A 0O/, 0.0 
0.0 N/A 0% 0.0 
0.0 N/A 0% 0.0 
0.0 N/A 0% 0.0 

0,0 N/A 0% 0.0 

0.0 N/A 0% 0.0 
50.4 53.40 12% 1.2 
50,4 53.40 12% 1.2 
50.4 53.40 13'/, 1.3 

50.4 53.40 13% 1.3 
50.4 53.40 13O/. 1.3 
50.4 53.40 14% 1.4 
50.4 53.40 14cY, ', " 1.4 

S0.4 53.40 14% 1.4 

50.4 53.40 14% 1.4 
50.4 53.40 15% 1.5 
50.4 53.40 15% 1.5 

90 65.5 2 390 0.56 5,491.23 
Totals: 8760 ; 

" "l~e 40 l iP motors should not be operaled below about 33% of raled output (or about 27 lIP) a.nd the v~lu= 
inculdcd here are avemse powers at each bin since (be fins wi l l  cycle o f f ~ d  on to m~nmin the 5 degree ~pmach. 
Motor o, nd VFD eltlcenci~ below the 33% condition ~e for the respective systems are for aclual minimum speed 
33%). This is a conse~'ative assumption since ~bis is the lowest efllciency in both cases 

50.4 53.40 I 5% 1.5 
50.4 53.40 15% 1.5 

50.4 54.38 16% 1.6 
50.4 55.40 21% 2.1 
50.4 56.15 29% 2.9 

50.4 57.16 38% 3.8 

52.0 67.00 53% 5.3 
$2.0 67.00 62% 6.2 
52.0 67.00 71% 7.1 
52.0 67.00 80% 8.0 

52.0 67.00 90% 9.0 
52.0 67.00 100% 10.0 
51.0 66.00 I 10% 11.0 
50.0 65.00 120% 12.0 

49.0 64.00 131% 13.1 

48.0 63.02 141% 14.1 
47.0 64,11 151% 15.1 

46.0 64.82 159% 15.9 
45.0 65.25 160% 16.0 
44.0 65.84 162% 16.2 
43.0 66.43 164% 16,4 
42.0 67.05 165% 16.5 
42.0 66.93 165% t6.5 

42.0 67.35 166% 16.6 

42.0 66.92 165O/, 16.5 
42.6 66.79 165% 16.5 
42.0 66.48 164% 16.4 
42.0 66.50 164% 16.4 

42.0 67.83 167% 16.7 
42.0 67.50 166% 16.6 
42.0 67.82 167% 16.7 
42.0 68.50 169"/,, 16.9 

42.0 68.36 169% 16.9 

42.0 68.64 169% 16.9 
42.0 68.60 169% 16.9 
42.0 68.40 169% 16.9 
42.0 69,25 171% 17.1 

42',0 70.71 175% I 7.5 
42.0 69.67 172% 17.2 
42.0 70,50 174% 17.4 

0.0 

0.935 
0.935 
0.935 
0.935 

0.935 
0.935 
0.935 

0.935 

0.935 
0.935 
0.535 
0.935 
0.935 

0.935 
0.935 
0.935 

0.935 

0.935 

0.935 
0.935 
0.935 
0.935 
0.935 
0.935 
0.935 

0.935 

0.935 

0.935 
0.935 
0.935 
0.935 
0.935 
0.935 
0.935 

0.935 

0.935 

0.935 
0.935 
0.935 

0.935 
0.935 
0.935 
0.935 

0.935 

0.935 

0.935 
0.935 
0.935 
0.935 
0.935 
0.935 

1.0 0.94 $3 
1.0 0.94 40 
1.0 0.94 71 

1.0 0.94 90 
1.0 0.94 133 
1.1 0.94 t39 
1.1 0~94 172 
1.1 0.94 227 

1.2 0.94 234 

1.2 0.94 330 i 
1.2 I 0.94 338 
1.2 0.94 470 

1.2 0.94 504 
1.3 0.94 584 
1.6 0.94 746 
2.3 0.94 1,123 

3.0 0.94 1,607 

4.2 0.94 2,136 

4.9 0.94 2,836 
5.7 0.94 2,751 
6.4 0.94 2,952 

7.2 0.94 2,622 
8,0 0,94 2,625 
8.8 0.94 1,960 
9.6 0.94 2,391 

10.4 0.94 2,551 

I 1.3 0.94 1,903 
12.1 0.94 2,232 
12.7 0,94 1,798 
12.0 0.94 1,988 
12.9 0.94 1,513 
13.1 0.94 1,833 
13.2 0.94 1,290 
13.2 0.94 040 
13.2 0.94 1,113 

13.2 0.94 532 

13.1 0.94 461 
13.1 0.94 320 
13.1 0.94 362 

13.4 0.94 170 
13.3 0.94 254 
13.3 0.94 156 
13.5 0.94 230 

13.5 0.94 158 

13.5 0.94 158 
13.5 0.94 72 

13.5 0.94 72 
13.7 0.94 116 
14.0 0.94 104 
13.7 0.94 80 
13.9 0.94 30 
14.0 47,486 

40 I $44.90 0.0 N/A 0% 
40 - - 544.90 
40 544.90 

40 544.90 
40 544.90 
40 544.90 
40 544.90 

40 544,90 

40 544.90 
40 544.90 
40 544.90 
40 544,90 
40 544.90 
40 544.90 
40 544.90 
40 544.90 

40 544,90 

40 544.90 
40 $44.90 
40 544.90 
40 544.90 
40 544.90 
40 $44.90 

709.90 
1,002.40 

1,294.90 

0.55 1,826.34 
0.50 2,137.18 
0.47 2,455.14 

200 0.45 2,774.73 

0.45 3,104.99 
0.47 3,450.36 
0.48 3,790.40 
0.51 4,149.99 

0.53 4,504.25 
0.54 4,861.47 

0.55 5,210.39 
0.56 5,491.23 
0.56 5,491.23 
0.56 5,491.23 

390 0.56 5,491.23 
0.56 5,491.23 
0.56 5,491.23 

0.56 5,491.23 

0.56 5,491.23 
0.56 5,491 . ~ -  
0.56 5,491.23 
0.56 5,491.23 
0.56 5,491.23 

390 0.56 5,491.23 
0.56 5,491.23 
0.56 5,491.23 

0.56 S,491.23 

0.56 5,491.23 
0.56 5,491.23 
0.56 5,491.23 
0.54 5,491.23 

390 0.56 5,491.23 
390 0.56 5,491.23 



Chiller I Tons Chiller 2 Tons 
(based on (based on 

measured dala measured data 
and regression) and regression) OA Temp Hours Percent 

31 1 0.01% 
32 4 0.05% 
33 7 0.08% 

34 8 0.09% 

35 7 0.08% 
36 16 0.18% 
37 13 0.15% 
38 18 0.21% 
39 27 0.31% 
40 52 0.59% 
41 46 0.53% 
42 66 0.75% 
43 82 0.94% 
44 120 1.37% 

45 121 1.38% 

46 147 1.68% 
47 190 2.17% 
48 191 2.18%! 
49 265 3,03%: 

50 267 3.05% 

51 363 4.14% I 
52 384_ 4.38~,,! 
53 435 4.97% 
54 427 4.87% 
55 455 5.19% 

56 504 5.75% 
57 475 5.42% 
58 539 6.15% 
59 455 5.19% 
60 432 4.93% 
61 343 3.92% 
62 309 3.53% 
63 210 2.40% 
64 234 2.67% 
65 230 2.63% 
66 159 1.82% 
67 174 1.99% 
68 133 1.52% 
69 146 1.67% 
70 110 1.26% 
71 132 1.51% 
72 92 1.05% 
73 60 0.68% 
74 79 0.90% 
75 38 0.43~', 
76 33 0.38% 
77 23 0.26% 
78 26 0.30% 
79 12 0.14% 
80 18 0.21% 
8t t t  o.t3% 
82 16 0.18% 
83 11 0.13% 

-380 -634 
-360 
-340 

-320 

-300 
-280 
-260 
-240 
-220 

60 
80 

-605 
-576 

-548 

-519 
-490 
-461 
-433 

-404 
-375 -200 

-180 -346 
-160 -318 
-140 -289 
-120 -260 

-100 -231 

-80 -203 
-60 -174 
-40 -145 
-20 -I16 

0 -88 
20 -S9 
40~ -30 

120 

tO0 

-I 
28 

140 
160 
180 
200 
220 
240 
260 
280 
300 
320 

340 
360: 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 

360 
360 

84 I1 0.13% 360 
85 5 0.06% 360 
86 5 0.06% 360 
87 8 0.09% 360 
88 7 0.08% 360 
89 6 0.07% 360 
90 2 0.02% 360 

Totals: 8760 ! 

56 
85 

114 
143 
171 

Average Building 
Cooling Load j 

assumed to never Total Building 
drop below 40 Ton-hour 

t Requirement tons) i 

401 40 
40i 160 

320 

40 280 
40 64G 
40 520 
40 72G 
40 1,08C 
40 2,08C 

" ~  1,84C 
40 2,64C 
40 3,28C 
40 4,80C 

40 4,84C 

40 5,88C 
40 7,60C 
40 7,640 
40 10,600 
40 10,680 
40 14,520 
40 15,360 
40 17,400 
54 22,951 
78 35,547 

103 51,660 
127 60,266 
151 81,524 
176 79,909 
200 86,400 
224 76,961 
249 76,864 
273 57,356 
298 69,615 
322 74,031 
346 55,054 
371 64,489 
390 51,870 
390 56,940 
390 42,900 
390 51,480 
390 35,880 
390 23,400 
390 30,810 
390 14,820 
390 12,870 
390 8,970 
390 10,140 
390 4,680 
390 7,020 
390 4,290 
390 6,240 
390 4,290 

Chiller Load Regression and Binned Weather Analysis 

200 
229 
258 
286 
315 
344 
373 
401 
420j 
4201 
420i 
420 
420 
420 
420 
420 
420 
420 
420 
420 
420 
420 
420 
420 
420 390 4,290 
420 390 1,950 
420 390 1,950 
420 390 3,120 
420 390 2,730 
420 390 2,340 
420 390 780 

! 1,389,586 

Chiller Energy Consumption with existing free cooling 

Building Load Regression* 
I Coefficients for Chillers vs OAT I 

I Slope I Y-intercept 
Cl~dler2 J 28.75 l -1525 
Chil ler 1 I 20 I -I000 

* Regression is based on measured chiller data and 
was used to determine slope of a best fit straisht 
line for chiller load (see the chiller load dnt~.:sraph 
in site survey report) 

Note: chiller tonnage for each chiller peaks at the measured 
max mum for that ch er 



Hyatt Regency Energy Saving Measures 
Measure 1: Retrofit Cooling Towers and Condenser Water System 

End Use: CoolingTowerFans 

Total Tower Fan Motor Capacity (2 x 40) 
Number ol ~611g- /q~/~l l~-Op~ing  

Simultaneously 
P/~-d- Ig . f f~b '~CC61 I~Operating 
Simultaneously 

~.verage Fan Motor Power 

80 hp 

12.8 kW 

Hyatt engineering staff 

Percent Savings 37.5% 

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 

Existing Annual Hours of Tower Operation 

14.0 kW 

8,760 hrs/yr 

140,121 kWh/yr Existing Average Tower Fan Energy Use 

Proposed Average Tower Fan Energy Use 47,486 kWh/yr 

1ower Fan Energy Savings 92,634 kWh/yr 

Measured 
"l-I~lC61-~b-Elaw sav i~ 'due to increased-- 
energy for low CWST 

8gi l / : l ing~t~g- i~-6f fher tree cooling or 
chiller cooling for the entire year 

End Use: Chillers 
lotal Ion-hours ol Ltuller Looting wffh 
Economizer and Existing Free Cooling Operalion 
Total-Ton:hours-of-Chlller Coollngw~th" 
Economizer and New Free Cooling Operation 

994,447 Ton-hours/yr 

826,329 Ton-hours/yr 

Chiller 2 Efficiency at Existing CWST of 78 F 0.58 kW/ton 

Chiller 2 Efficiency at New CWST of 67 F 0.52 kW/ton 

Existing Peak Chiller Power 279 kW 

Chiller Peak Demand Reduction [ 29.7 kW 

Proposed Peak Chiller Demand [ 249 kW 

Existing Average Chiller Energy Use 
A v e r g e  C Bill~- n ~ g f  DgE~fi~7-FT~d-Cff61i~-ig" 
Improved 

Proposed Average Chiller Energy Use 

Total Chiller Energy Savings 

576,779 kWh/yr 

479,271 kWh/yr 

426,551 kWh/yr 

150,228 kWh/yr 

-At~h'Ed'Sinn~ ~ i h e r  and economi~Ff 
analyses 

Attached binned weather analysis 
Measured tconservauve assumption - cnmer 
2 is the most efficient of the chillers) 
-Dg ing~ fac tu re r ' s  da~[~-C~..VST vs 
efficiency 
"One---Effille(at max. tons (465T='Efi~ha~ged-- 
by measure 7 

Based upon proposed use alter economizer 
and free cooling changes are complete 

Including improved chiller efficiency 

Total Measure Savings 

Average Cost of Electricity 

Annual Cost Savings 
CosHo-Supply-and-ln stall'VFDTModify'CControl-- 
Logic, and to Retrofit Piping System 

242,863 kWh/yr 

$0.08 per kWh 

$19,429 per year 

$54,000 

Not including peak demand savings 

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 wilt 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 resulting 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 use of long-radius 
elbows, 45 degree rake-offs, removal of redundant valves and pipes, etc. Pricing includes new nozzles For the tower to improve efficiuncy at the new 
flow. See the enclosed drawings. In order to maintain design flow at the lower head. thc pump impellers must also be trimmed. 



Free Cooling Operation Binned Weather Analysis 
Proposed 

ChiLLer Ton- 
Average Exisling Base Case Reduced Chiller Ton- hours (after 
Building AverageWe[ Condenser Water BaseCase ChillerEnefgy T o n s  hours(aher Proposed ProposedTo~ ~conomizerand 

Chiller 1 Tons Chiller 2 Tons Cooling Load Bulb Temperature Ton.hours of Use (no Adjusling for ..conomizer hal Condenser hours of Free new free 
(based on (based on (assumed [o Temperature (Measured Free Cooling economizer Economizer been activated Water Cooling wi(h cooling 

measured data measured data never drop Tolal Building (binned Average with Exisling and existing (from wdh existing Temperatuff Cooling I operalion have 
and and 

OA [eml: Hours Percent regression) regression) Oeg F) 

31 I 0.01% -380 -634 40 40 28.0 43.0 0 0 0 0 
32 4 0.05% -360 -605 40 160 29.5 44.5 0 0 0 0 
33 7 0.08% - -340 -576 40 280 30.4 45.4 0 0 0 0 
34 8 0.09% -320 -548 40 320 31.3 46.3 0 ---~)1 0 0 
35 7 0.08% -300 -519 40 280 32.6 47.6 0 0 O 0 

36 16 0.18% -280 -490 40 640 32.8 47.8 0 OJ 0 0 
37 13 0.15% -260 - -  -461 40 520 32.8 47,8 0 Oi 0 0 
38 18 0.21% -240 -433 40 720 34.$ 49.8 0 0 0 0 
39 27 0,31% -220 -404 40 1,080 36.C 51,0 0 0 0 
40 52 0.59%1 -200 -375 40 2,080 37 5! 52.5 2,080 0 0 
41 46 0.53%1 -180 -346 40 1.840 38.3 53.3 1.840 0 0 
42 66 0.75% -160 .318 40 2.640 39.3 54.3 2.640 0 0 
43 82 0.94% -140 -289 40 3,280 40.4 55.4 3,280 0 0 
44 120 1.37% -120 -260 40 4,800 40.9 55.9 4,800 0 0 0 I 
45 121 1.38% .10CI -231 40 4,840 42.2 57.2 4,840 0 0 0 
46 147 1.68% -80 .203 40 5,880 42.9 57.9 5,880 0 0 0 
47 190 2.17% -60 -174 40 7,600 44.0 89.0 7,60(] 0 0 0 
48 191 2.19% -40 -145 40 7,640 45.1 60.1 7,640 0 0 0 
49 265 3.03% -20 -116 40 10,60(] 45.8 60.8 10,600 0 0 0 
SO 267 3.05% 0 -88 40 10,680 46.6 61.6 0 10,680 0 10,680 
51 363 4.14% 20 -59 40 14,520 47.7 62.7 0 14,520 0 14,520 
52 384 4.38% 40 -30 40 15,360 48.3 63.3 6 15,360 0 15,360 
53 435 4.97% 60 -I 40 17,40~ 49.4 64.4 17,400 0 17,400 
54 427 4.87% 80 28 54 22,981 50.4 65.4 OI 22,951 0 22,951 
55 455 5.19% 100 56 78 35.547 51.2 66.2 O; 35,547 37 18.576 
56 50.4 5.75% 120 85 103 51.66C 52.2 67.2J 01 51,660 49 26,997 
57 475 5,42% 140 114 127 60,266 53.2 6 8 . 2 0 J  60,266 61 31,494 
58 539 6.15% 160 143 151 81,524 53.7 68.7 01 81,524 72 42,603 
59 455 5.19% 180 171 176 79,909 54,3 69.3 0 79,909 84 41,759 
60 432 4.93% 200 200 200 86,400 55.2 70.2; 0 86,400 95 45,151 
61 343 3,92% 220 229 224 76,961 55.6 70.6' 0 76,961 95 44,547 
62 309 3.53% 240 258 249 76,864 56.4 71.4 0 76,864 88 49,749 
63 210 2.40% 260 286 273 57,356 56.8 71.8 0 57,356 81 40,346 
64 234 2.67% 280 315 298 69,615 57.5 72.5 0 69,615 74 $2.241 
65 230 2.63% 300 344 322 74,031 57.9 72.9 0 74,031 68 58,506 
66 158 1.82% 320 373' 346 58,054 58,8 73.8 0 55,054 61 45,395 
67 174 1.99% 340 401 371 64,489 59.1 74.1 0 64,489 54 55,093 
68 133 t.52% 360 420 390 51,870 59,8 74.8 0 51,870 47 45,586 
69 146 1.67% 36C 420 390 56,940 60.2 75.2 0 56,940 41 51,027 
70 I I0 1,26% 360 420 390 42,900 60.8 75.8 0 42,900 34 39,188 

1.51% 360 420 390 51,480 61.4 76.4 0 51,480 27 47,916 71 132 
72 92 1.05% 360 420 390 35.880 62.1 77.1 0 35,880 2(~ 34,017 
73 60 0.68% 360 420 390 23,400 61.9 76.9 0 23,400 14 22,590 
74 79 0.90% 360 420 390 30.810 62.4 77.4 0 30,810 7 30,277 
75 38 0.43% 360 420 390 14,820 61.9 76.9 0 14.820 OJ 14.820 
76 33 0.38% 3610 420 390 12,870 61.8 76.8 0 12,870 0 12,870 
77 23 0.26% 360 420 390 8,970 61.5 76.5 0 8,970 8,970 
78 26 0.30% 360 420 390 10,140 61.6 76.6 0 10,140 10,140 
79 12 0.14% 360 420 390 4,680 62.8 77.8 0 4,680 4,680 
80 18 0.21% 360 420 390 7,020 62.8 77.5 0 7,020 0 ! 7,020 
61 I I  0.13% 360 420 390 4,290 62.8 77.8 0 4,290 Ol 4,290 
82 16 0.18% 360 420 390 6,240 63,5 78.5 0 6,240 0 6,240 
83 I I  0.13% 360 420 390 4,290 63.4 78.4 0 4,290 0 4,290 
84 I I  0. t3% 360 420 390 4,290 63.6 78.6 0 4,290 0 4,290 
85 5 0.06% 36C 420 390 1,950 63.6 78.6 0 1,950 0 1,950 
86 5 0.06% 36C 420 390 1,950 63.4 78,4 0 1,950 0 1,950 
87 8 0.09% 366 420 390 3,120 64.3 79.3 0 3,120 0 3,120 
88 7 0.08% 36C 420 390 2,730 65.7 80,7 0 2,730 0 2.730 
89 6 0.07={, 366 420 380 2,340 64.7 79.7 O 2,340 0 2,340 
90 2 0.02% 360 420 390 780 65.8 80.5 0 780 0 788 
Totals: 8760 1,389,586 1,334,346 994,447 

below 40 Ton-hour average TMY Approach - 15 Free Cooling free cooling economizer free cooling (Approach = Tower 
Ions) Requirement data) 

been 
Operalion opera¢,on) bin analysis) ope~tion) S Deg F) Improvements implemented) 

33.0 0 0 
34.5 0 0 
35.4 O 0 
36.3 0 0 
37.6 0 0 
37.8 0 0 
37.8 0 0 
39.9 0 0 
41.0 0 0 
42.5 2,080 0 
43.3 1,840 0 
44.3 2,640 0 
45.4 3,280 0 
45.9 4,800 C 
47.2 4,840 C 
47.9 5,880 0 
49.0 7,600 C 
50.1 7.640 
50.8 10.600 
51.6 t0,680 
52.7 14,520 
53,3 15,360 
54.4 17.400 
55.4 22,951 
56,2 35.547 -16,971 
57.2 51,660 -24,66t 
58.2 0 31,49~ 
58.7 0 42,602 
59.3 0 41,75 (- 
60.2 0 45,181 
60.6 C 44,54; 
61.4 0 49,74 (. 
61.8 0 40,341 
62.5 0 52,241 
62.9 58,501 
63.8 48.395 
64.1 55,093 
64.8 48,586 
65.2 51,027 
65.6 OI 39,166 
66.4' 0 47,916 I 
67.1 i 0 34,017 
66.91 0 22,590 
67.4: 0 30,277 

66.9 0 14,820 
66.8 0 }2,870 
66.8 0 8.970 
66.6 0 10,140 
67.8 0 4,680 
67.5 0 7,020 
67.8 0 4,290 
68.5 0 6,240 
68.4 0 4,290 
68.6 0 4,290 
68.6 0 1,980 
68.4 0 1,950 
69.3 0 3,120 

70.7 0 2,730 
69.7 0 2,340 
70.5 0 780 

826,329 

S U M M A R Y  
Existing Free Cooling Activation Temp 49 Degrees F 

' -  " Proposed Free Cooling Actlvalion Temp 56 Degrees F 
J Totat Hours of Cooling 8.659 Hours 

Existing Free Cooling Hours of Operation 1,260 Hours 
Proposed Free Cooling Hours Of Operalion 4.115 Hour3 

d Ton-hours ot chdler coohng wi(bou( economizer and w~lh existing free cooling control 1,334,346 Ton-hours 
- - - - I  Total Tort-hours of Chiller Cooling with economizer and exisllng free cooling 994,447 Ton-hours 

~:gO~l=onu,[,. i 

NOlo; Bold d.al~ in the labte indicates oondcn$cr wat~ Icmgcz~turcs at which I 
Free cooling operates under the cxisdn 8 mid the proposed conditions I 

i 
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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) 

Desired Chilled Water Reset High (OAT/CHWST) 
Ch-iI1~Y-1-AZT0~I-CISilI~dWa~R~-Low 
(OAT/CHWST) 
C h-il I~?-I-A~[0~I-C h-il l ~ d ' W a t e ~ ~ - F l  i~h 
(OATICHWST) 
Cffill~-2-A-ECO~l-Cliill~d-Water Reset Low 
(OATICHWST) 
Cffiller 2 Actual-Cff i l lE-d-W~-R~-Fl i~h 
(OAT/CHWST) 

Existing Chiller Energy Use 

Annual Energy Savings Correcting OAT Control 
P r o ~ d - C l i i  I I~f- n e ~ g y  UgH-Co r ~ f f g - O - A T - -  
Control 

Existing Peak Period Demand 

Peak Demand Savings 

Average Cost of Electricity 

Total Annual Savings 

62/52 Deg. F/Deg. F 

72/42 Deg. F/Deg. F 

62/42 Deg. F/Deg. F 

72/42 Deg. F/Deg. F 

62/46 Deg. F/Deg. F 

72/42 Deg. F/Deg. F 

426,551 kWh/yr 

13,326 kWh/yr 

413,225 kWh/yr 

249 kW 

0 kW 

$0.08 per kWh 

$1,066 per year 

Cost to Modify Control Logic $2,000 

Control logic 

Control logic 

Measured 

Measured 

Measured 

Measured 
Based on condenser water 
analysis - measure 1 
-Affhff~l i~-d - b-i-~-d weather 
analysis - see attached 

From measure I 
Reset is operating correctly at 
peak loads (OAT > 72) 

Measure Description 
Increasing the CHWST by I 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 

J setpoint based solely on OAT. This calculation assumes that both chillers are controlled based on the 

l same new reset strategy. 



Chilled Water  Reset Binned Weather Analysis 

I 
[ Chiller I J ChiHe, 2 
Ions (baRd rn~asuredl ~ Ions thated 

on 

I d~ta and data and 
Percen[1 regression) O ^  3emp Hours regression) 

31 J I 0.01%1 -380 .634 
32 I 4 0 05%1 -360 -605 
33 J 7 0.08%t -340 -576 

34 I 8 0.09% -320 -$48 

35 126 000% . . . .  i ,19 
36 1 0.18% -280 ..490 
37 1 13 0.15% -2flO .461 
39 t 18 0.21% -240 -433 
39 1 27 0.31%j -220 -404 
4o t 52 o 5 ~ .  I -2001 -375 

41 46 I o.53%i -18ol -346 
42 66 I 0.75% -160j -318 
43 82 j 0.94% -140j -289[ 
44 120 I 1.37% -120~ -260 I 
45 ~ 121 1.38% -I001 .23l 
46 I 147 1.68% .-801 -203 I 
47 I 190 2,17% -60 -174 I 
40 t 191 2.18% 4 0  -145 
49 I 265 3.03%[ -20 -116 
50 j 267 3.O5%J 0 .88 
51 I 363 4.14%1 20 
52 J 304 4.38% I 40 
53 J 435 4.97% I 60 
54 l 427 4.87%i 80 
55 J 455 ~.I 9%j 100 
56 504 5.75%j 1201 
57 475 5.42%j 140l 
sa 330 6.15%j 16ol 
59 4ss s 17,r. 10oj 
60 I 432 4.93% 2(~ 
61 J 343 3.92% 22O 
62 j 309 3.53% 240 63 12,0124 . 260 
64 234 2.67% 280 
65 230 2.63%1 300 
66 159 I 1.82%1 320 
67 174 J 1.9~,~YoI 340 
68 133 J ~,52%1 360 
69 146 ! 1,67%1 360 
70 I10 I 1,26% 360 
71 132 I 1.51% 360 
72 92 ! 1.05% 360 

73 1 6 o ,  . . . . . . . .  l 
74 79 0.90% 360 

75 1 3 8 ! 0 . 4 3 %  360[ 
76 33 0.38% 360 
77 I 23 J 0.26% 360[ 
78 126;03  360  
79 12 0.149. 360[ I 18 I 0.21% 360 80 
e, ,, I o,3% 360 I 
82 16 J 0.18% 360 
03 11 j 0,13% 360 
84 11 ! 0.13% 360 
03 5 I 0.06% 360 

87 8 0.09% 360 
08 7 J 0.08% , 

09 610.07% 360 I 
90 I 2 0.02% 360 
totals:l 87601 I I 

l 

-59 
-30 

-I 
28 
56 
85 

114 
143 
171 
200 
229 
250 
286 
315 
344 
373 

4011 
420 
420 
420 
420 
420 
420 

420 
420 
420 
420 
420 
420 
420 
4201 
42O 
420 
420 
4201 
420 
420 
420 
420 
420 

Reduced Ions 
AdjusHng for 
[¢onom~zer 

~fom 

analysis} 

I ̂cn,al Ac~al 
Chiller I Chiller 2 

Design Re.x¢( Reset Resel 
Temperalure Iempetalurre |emperature 

O~ 83,01 42.0 59.1 

ol 0o.oi 42.0 ST.e 
OI 79.0 42.0 57.4 

78.0 42.0 57.C 

OI 76.0 
OI 77.0 42.0 56.6 
O[ 42.0 56.2 
OJ 73.0[ 42.0 55.~ 
OJ 74.0 j 42.0 55.3 
01 73.0 42.0 54.S 
01 72.0 42.0 S4,S 
OI 71.0 42.0 64,t 
0 70.O 53.7 42.O 
0 69.0 42.0~ 53.2 

0 68.0 42,oj 52.E 
0 67.0 42.0J 52.4 
0 66.0 42.0 52.~ 
0 65.0 42 OI 51.E 
0 64.O 42 OI 61 
0 63.0 42.01 SO.~ 
0 62.0 42.0 50.3 
0 61.0 42.0 49 
0 GO.O 42.0J 49.S 

37 $9.0 42.0 49.1 
49 58.0 42.0 48.7 
61 57,0 42.0 48.3 
72 56.0 42.0 47.8 
04 55.0 42.0 47.4 
951 54.0 42.0 47 0 
95J 53.01 42.0 46.6 

80[ 52.0 42.0 46.2; 
81 51.0 42.0 45.e 
74i 50.0 42.0 45.3 
68l 49.0 42.0 44.9 
61 46.0 42,0 44.5 
541 47.0 42.0 44.1 
47~ 46 0 42.0 43.7 
41 45 0 42.0 43.3 
34l 44 0 42.0 42.~ 
27 43.0 42.0 42.4 
20 42.0 42.0 42.~ 
14 41.O 42.01 41.6 

7 42.0 41.2 
42.0 
42.0 
42.0[ 

40.0 
0 39.0 40 
0 38.0 40.3 
0 37.0 39.~ 
0 36.0 42.0 39.3 
0 35.0 42.0 39.1 
0 34.0 42.0 38.7 
0 33.0 42.0 38.3 
0 32.0 42.0 37.8 
0 31,0 42.0 37.4 
0 30.0 42.0 37.0 
0 29.0 42.0 36.6 
0 28.0 42.0 36.2 
0 27.0 42.0 35.8 
0 26.0 42.0 35.3 
0 25.0i 42.0 34.~ 
0 24.0 i 42.0 34.5 

i 

Chilled Water  Reset Regressions 
Des~an Conln.d CHWST Reset 

I o^3 IcHwsl] s , ~  I Y . l , ~ , ~ l  
; 1:221 .... 0 ll4 

0 - 0  

A~ualContml CHWST Retei 
OAr  t CHWS1 Sk:~o~ Y-Inlercep[ 

721 42 ~.42 72 
60[ 47 

2 -5 

IE 

Chiller 2 I 
kW'll ~ 

841 
IOOl 
1161 

3.0% I 6.7.~______ Z 
170 5.101 

2.9% l 102 

0.601 

° ,5'ore J: 
"% Eft'. CmLn': We n s ~  that each degree [ncreMe in chilled wat~  I~pply 
tempemt~e reguJ~ in 1.2% i~¢mtse m ¢hBlet ef ' l¢ i~cy 0o~ er kW/ton) 

F 
eted ~pon past experience with =imilnr i y n t ~ .  

"uAz V B"neCh~llo~e ~ ~n'~ B i d  ~P°n~n~:cd c~l lrr cffici©nc" (0'52 kW/ton) 

13,326 



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 
L.urrent Average vressure Urop at /U psi 
Bypass Control During Chiller Cooling 
C u r ~ - A v e ~ g e  P r e s ~  D r o t  7 0 " ~ i - -  
Bypass Control During Free Cooling 
Avenge  P r e s ~ D  r o ~ i i h - / q ~ - B  ypa ss 
Control During Chiller Cooling 
~ve~ge  Pressure Drop wffh- - e ~ B y p a s s  
Control During Free Cooling 

Current Average Chilled Water Flow 
A v e r g e  Ch'il I~-dW~F~T Flow wiih-~ew 
Bypass Control and Impeller Length 
Pu~p  E ffi~ie n ~  E~i~iffg-C6ff-diii~ff~ 
During Chiller Operation 
Pump Efficiency at Existing Conditions 
During Free Cooling Operation 
Pb~ p"Eff'i~ie n ~ t -  P r o U d  "C~ff-diiio~ 
During Chiller Cooling 
Pu~p  Effi~ie n ~ P r o ~ d - C ~ ' d i i i ~ "  
During Free Cooling 
Sh~iff'Power Re-duction During chiller 
Operation 

Shaft Power Reduclion During Free Cooling 

Motor Efficiency 
l ~ p ~ t - P 6 ~ - R ~ d ~ i ~ - D  u r ~ g  Cl~il ler 
Operation 

Input Power Reduction During Free Cooling 
I~ ~iffg- Pu~p D~ff-d-D~ihffg-Cl~il l~ 
Cooling 

Existing Pump Demand During Free Cooling 

Proposed Pump Peak Demand 
P r o ~ d "  P u T p  D ~ f f d  -D u r i ng I-ree 
Cooling 
T6t~I-H o u ~ F  Pu~p  O U t  i~ff"(C ~ i l l ~ f f d  - 
Free Cooling) 
E~isTiffg-A n ~ l - F I b ~ - 6 F F r ~ C ~ 6 1  i ng 
Operation 
P r o ~ d ~ n n u a l ' R o u r s  o£FT~-C~61i ng ! 
Operation [ 

Existing Pump Energy Use 

Proposed Pump Energy Use 

Annual Energy Savings 

Average Cost of Electricity 

Annual Cost Savings 
Cost-o f-Trimmingboth-Ira pellers-a nd '  
Replacing the Bypass Valve 

124 feet w.g. 

144 feet w.g. 

140 feet w.g. 

160 feet w.g. 

1,300 GPM 

930 GPM 

70% 

72% 

77% 

77% 

15.3 hp 

17.1 hp 

85% 

13.5 kW 

15.0 kW 

48.1 kW 

54.9 kW 

34.6 kW 

39.9 kW 

8,659 hrs/yr 

1,280 hrs/yr 

4,115 hrs/yr 

416,498 kWh/yr 

321,520 kWh/yr 

94,978 kWh/yr 

$0.08 per kWh 

$7,598 peryear 

$13,000 

Measured 

Eslimated 

Estimated 

Estimated 

Measured 
"T6" b ' ~ i ~ -  b"~ k-t-6-i h e 
design flow 

From manufacturer's specs 

From manufacturer's specs 

From manufacturer's specs 

From manufacturer's specs 
- p ~ - l ~ f o ' ~ l ~ - ( ~ i  fi~-d'~ii h 
pump curve) 
-Pump form u la~v~fi~d"~i ih 
pump curve) 
E ~ i ~ - d  - b - ~ d ~ 6 f f - d  ~ ig  n 
specs 

- K 4 e a ~ d ( ~ i ~ l l y  constant at 
all loads) 
" E ~ i ~ d ' f f o m  ma nula~[~T~'s 
specs 
" P ~ k ' - ~ i i o n  involves cl~ll~f 
cooling, not free cooling 

From measure 1 analysis 

From measure 1 analysis 
-B a~d'~fi ' im p ~ d "  free cooting 
from measure 1 

Not including peak demand 
savings 

' ~a l~ i lBJ~ .~ l / ~ l l r ps  are ovcrpumping the chillers. Rather than closing valves and introducing pressure drop into the 
systcm, the impellers should bc trimmed to reduce the flow. "rhc manufacturer's data shows that this not only reduces 
power output, it also increases pump efficiency. 
The current bypass valve employs a constant setting for pressure control which was factory set at 70 psi. Howcv¢r, the 
building normally operates at about 85 psi at the point where the pressure measurement is laken - causing the valve to 
remain open most of  the time. The valve should be replace with a motorized valve controlled based on a rcmotc 
prcssure reading. The pressure reading should be taken at least 2/3 downstream along the longest pipe run to insure that 
thc Iongcr runs are not starved when the bypass valve is opened. Due to this remote reading, a connection to the control 
system will b¢ 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: Chifled Water Pumps 
Lx~stmg bystem vressure orop m Lhlller 
Operation 

Existing Pressure Drop In Free Cooling Operation 

Pressure Drop Across Chillers 
P ~bff6T~d-P re s ~  DT0~-i if-F ~ - C  ~61 i ng 
lOperation 
[PO~-EffiEie n c ym---~t-E~igti g ng--C~iller--Co~h n 
Conditions 
Pum~f i~ iency at Existiffg- re~C~61ing 
Conditions 
Pu~p  EffiEien~y a ffPro~d-FTe~-c~61in g 
Conditions 

Average Chilled Water Flow 

Shaft Power Reduction During Free Cooling 

Motor Efficiency 

Input Power Reduction During Free Cooling 

Existing Pump Demand During Chiller Operation 
E ~i~t iffg- P u ~ p  D ~ f f - d -  D~iff~- F F@6-C~61 i n g 
Operation 

Pump Peak Demand Reduction 

Proposed Pump Power During Free Cooling 
T6t~I-Ft o u ~ f - P u ~ p  O ~ t i ~ - ( C l i i  I I~ff-d-F r ~  
Cooling) 

Annual Hours of Free Cooling Operation 

Existing Total Pump Energy Use 

140 feet w.g. 

160 feet w.g. 

20 feet w.g. 

140 feet w.g. 

77.2% 

77.3% 

77.2% 

930 GPM 

6.0 hp 

85% 

5.3 k W  

34.6 kW 

39.9 kW 

0.0 kW 

34.6 kW 

8,659 hrs/yr 

4,115 hrs/yr 

321,520 kWh/yr 

Proposed Total Pump Energy Use 299,492 kWh/yr 

Annual Energy Savings 22,028 kWh/yr 

Average Cost of Electricity 

Annual Cost Savings 

Cost to Modify Chilled Water Supply Piping 

$0.08 per kWh 

$1,762 per year 

$7,000 

-Ass u ~ - b ~ - d - b ~ f - E h  a n ge s from 
measure 3 
Eg-fi~t~d-b~gEd~-flow data and 
heat exchanger specifications 

possible with measure) 

Ba~d  on measure 3 - ~ i T d - -  
manufacturer's specs 
B ~ - d  on measure 3 a n d - -  
manufacturer's specs 

From manufacturer's specs 
- A - ~ - d  - b-~-d~ff~ h a n ge s from 
measure 3 
Pump form ula v ~ f i E d - ~ i t h  
pump curve) 
E~ti~t~d-based upon design 
specs 

- A s s ~ d - b ~ d  -o-ff-Eh a n ges from 
measure 3 

T h ~ 6 - d  ifi~~~i o n ~ 6 1 F i f f - ~ f f -  
peak operation changes 

From measure 1 analysis 
Based on improved-fFbe~61Fffg 
from measure 1 

From measure 3 

Not i~-i~dqgg peak demand .. . .  
savings 
-Piping-mod ification-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 

Iconstructed 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 
Proposed Average Suppli~-F~-S~i~-Pressure 
Setpoint with New Reset Control 

1.4 inches w.g. 

1.2 inche ~ w...g. 

Ratio Reduced Duct Static Pressure 0.86 

Ratio Reduced Supply Fan Power 

Peak Fan Power Reduction 

Existing Average Fan Energy 

Proposed Average Fan Energy Use 

0.79 

0 kW 

313,659 kWh/yr 

248,907 kWh/yr 

Total Fan Energy Savings 64,752 kWh/yr 

End Use: Chillers 

Existing Average Total Fan Power 36 kW 
Proposed Average Total Fa f i -Pow~f fh - lq~  
Reset Control 28 kW 
E~i~ing Average Parasitic Fan Motor Ft~-L-~'-d-- 
on Chillers 
Proposed Average Parasi f iE-F~-~~-Iq~L-~- f f  
on Chillers 8.1 tons 

JC control system 

Fan law savings 
Th~-df f icat ions resu If-~6gTl~Ff- 
off-peak operation changes 

From measure 6 

Chiller Efficiency 

Peak Demand Reduction 

Annual Hours of Chiller Operation 

Total Chiller Energy Use 
E~ffisting Average ParasiiiE-F~f-KA~-L-~-d on 
Chillers 
P - ~ - b ~ - d ' ~ ~  P ~ s  i ~d- l~hffg,~ o t o ~ ~ d  on 
Chillers 

10.2 tons 

0.52 kW/ton 

0 kW 

4,544 hrs/yr 

268,028 kWh/yr 

24,063 kWh/yr 

19,095 kWh/yr 

Proposed Total Chiller Energy Use 263,060 kWh/yr 

Total Chiller Energy Savings 4,968 kWh/yr 

Measured 

From measure 2 
T h-~6-d ilfi~[ i ~ 6 1  [-'~6g~l~-iff- 
off-peak operation changes 
-A~ff~li~-d-binned analysis for 
measure I 

From measure 6 

Total Measure Energy Savings 69,719 kWh/yr 

Average Cost of Electricity $0.08 per kWh 

Annual Cost Savings $5,578 per year 

Cost to Modify Fan Control and Sensors $8,000 

Measure Description 
The static pressure setpoint for AC-I 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 temperature sensor in the return duct from those zones can be 

used to reset the stat c pressure setpo nt. This strategy great y 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-I 
Number o1" I-ans Normally Operating 
Simultaneously 
P ~ - d l q  ~ b-~6f F ~ - ~  b ~ l  I ~ O ~ l i  R- 
Simultaneously 

Average Fan Motor Power 

Percent Savings 

Average Power Reduction 

Peak Fan Power Reduction 

Existing Average Fan Energy 

Proposed Average Fan Energy 

Total Fan Energy Savings 

30 kW 

5% 

3.3 kW 

0 kW 

331,874 kWh/yr 

313,659 kWh/yr 

18,215 kWh/yr 

Measured 
- A - ~ - d - ~  b-~ F 1-0 %-~6FT6 bN-I ~ 
fan savings 

--r h~6 -d  i f i ~ i o  n ~ l  l~6gfl y m 
off-peak operation changes 

From measure 9 

End Use: ChHlers 

Chiller Efficiency 

Peak Chiller Demand Reduction 

Annual Hours of Chiller Operation 

Total Chiller Energy Use 
ETi ~[ihffg-A v e ~ g  e P ~T~gi liE-FTff-/fA~T6T E~-d on 
Chillers 
P r o ~ d  -A v e ~ g  e P~gitT~-F~--KA~t~- L-~-d on 
Chillers 

Proposed Total Chiller Energy Use 

0.52 kW/ton 

0 kW 

4,544 hrs/yr 

From measure 2 
T h - ~ 6 - d i f i c ~ i ~ l t - ~ 6 g t l ~ i f f -  
off-peak operation changes 
- A h ~  I i~-d -bqff~fiEd~-ff~l ~gFg-f6T 

measure 1 

270,241 kWh/yr From measure 9 

40,322 kWh/yr 

38,109 kWh/yr 

268,028 kWh/yr 

Total Chiller 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 
The supply fans in AC-I 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, I 
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 b~ 
easily mplemented. / 



Hyatt Regency Energy Saving Measures 
Measure 7: Implement Economizer Cycle in AC-I and, 

if Necessary, Add Booster Fans to Outside Air Intake 

End Use: Chillers 

Specified Minimum Outside Air Volume 57,000 CFM From drawings 

Existing Minimum Outside Air Volume 10,000 CFM 

Maximum Total Air Delivered by AC-1 146,000 CFM From drawings 

Average Total Air Delivered by AC-1 
C u r~F~i l iE~-O~gid~-@iTTem pe ratu re 
Balance Point 
A-g~-d-A-ffhff~l-Average Return Air 
Temperature 

Chiller 2 Efficiency at Existing CWST of 78 F 

Existing Total Chiller Energy Use 

Potential Energy Savings 

Proposed Total Chiller Energy Use 

75,000 CFM 

50 Degrees F 

75 Degrees F 

0.58 kW/ton 

773,921 kWh/yr 

197,142 kWh/yr 

576,779 kWh/yr 

279 kW Existing Peak Period Demand 

Peak Demand Reduction 0 kW 

Average Cost of Electricity $0.08 per kWh 

$15,771 per year Annual Cost Savings 

Measure Cost $40,000 

Measure Description 

Assumed based on fixed damper 
position 

Assumed (higher during day, lower at 
night) 
T ~  peratu re b~ lo~h- i~h  no 
cooling is required 
~fter modification to VT~V-boxes in 
meeting rooms and conference 
-Measured (conservative assumption - 
chiller 1 is not more efficient) 
Based on b-ihff-~~~h-~-~~l~/sls - see 
attached 
g~g~-d on economizer analysis - see 
a~ached 

Single chiller at max. capacity (465 
tons) 
The modifications result in only off- 
peak operation changes 

Not including peak demand savings 
-$-l-0;000-fordampersTetc~-$5-7000-- 
each for 6 booster fans 

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 
iwhen 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 
in the building. 



Hyatt Regency Energy Saving Measures 
Measure 8: Modify Ballroom and Meeting Room 

VA V Boxes to Reduce Excess Cooling 

End Use: Air Handler AC-I 

Current VAV Box Minimum Position 50% 
T~t,~ I'C FK4 Th'-A II ~ C: I-VA~.rB o x es a t L u r r e n t - -  
M;nimum 
T~t~l'CI-Dl'iff" B~llr oom a n d M~tiii-g- Roo--~--aF~ 
Current Minimum 
Pro~d 'VAV 'B~-Min lmum Posihon D u r n ~ g  
Occupied Hours (6 am 1o 12 midnighl) 20% 
' P ~ ' d V A ~  I~ox Minimum Position Uuring 
Unoccupied Hours (12 midnight to 6 am) 0% 

Total CFM New Minimum (occupied hours) 

Fotal CFM New Minimum (unoccupied hours) 
Zu~St - A ~ r ~ -  F ~  S u ~  I~C FK4 "~oc~  iT'd "3~'d - 
unoccupied hours) 

Average Fan Motor Power 
'Number ol Fans Normall~-Op~ting 
Simuhaneously During VAV Minimum Operation 2 
'Pro-~s~-d'Rou rs o f'O p~a ti~ff '~/q~-Dliff im u m 
Position (occupied hours) 
ProUd-Hours  oFO~ i i~ -~ -F~ I I~ -C I~ 'd  - -  
:Position (unoccupied hours) 6 

Annual Total Hours of 2 Fan Use 6,132 

Existing Total Average Fan Energy 604,440 
: E ~ i ~ l i f f ~ ' F ~ ' O  s e ~  VA'~r B~/¢l in imu m 
iSettings Before Control Modifications 262,800 
~roposed Pan Energy at V'.Z~TB~-Minimum 
~ettings After Control Modificalions 7,701 

:'roposed Total Average Fan Energy 349,341 

lotal Fan Energy Savings 255,099 

Peak AC-I Fan Power ' 168 

Peak AC-I Fan Demand Reduction 0 

90,000 CFM 

47,000 CFM 

36,000 CFM 

25,800 CFM 

110,000 CFM 

30 kW 

VAV box supplier's data 
-5D% o! max CFK, r f ~ I I  V A V - -  
boxes on AC-1 (estimated) 
"S 0%-~ f ~ C  FM'fo~alIVAV ~ 
boxes in ballrooms and meeting 

-AII-/~C21"VA~Tboxes runnin~ a | - -  
20% 
CFM ot non-baBroom and non- 
meeting room areas only 

Estimated 

Measured 

6 hrslday Estimated 

hrs/day 

hrs/yr Esthnated 

kWh/yr 2 and 3 fan operation 

kWh/yr 

kWh/yr 

kWh/yr 

kWh/yr 

kW All 3 fans at 60 hz 
-The-modlflcatlons'result'rnosfly'ln- 

kW off-peak operation changes 

End Use: Chillers 

10 Degrees F Measured Average Supply Air Delta T 
E ~ i ~ g  Ch'ill~-Ca~aciiy- D~'di~t~'d "l~'Ti~ ese 
Spaces During Minimum and Unoccupied Hours 
P r o ~ d  "Ch'it II~- C ~  ii~ D ~'d i c e d  "t~-F h es e 
Spaces Duri,g Minimum and Unoccupied Hours 

394,200 ton-hrs/yr 

121,808 ton-hrs/yr 

Chiller It2 Efficiency 0.52 kWIton From measure 1 after tower retrofit 

Total Chiller Energy Use 
E~tT~-C h-i11~-Eh~-D~-d i C a t~:l-i~T h es e 
Spaces During Minimum and Unoccupied Hours 204,984 kWh/yr 
P ~ " d ' C h ' 3  [lET n e ~ g y  D~'di~l~d't 5"T h ese 
Spaces During Mhrbnum and Unoccupied Hours 63,340 kWh/yr 

Proposed Total Chiller Eoergy Use 271,581 kWh/yr 

Tolal Chiller Energy Savings 

Peak Chiller Demand 

Peak Chiller Demand Reduction 

413,225 kWh/yr From measure 2 

141,644 kWh/yr 

249 kW 

O kW 

From measure 2 
-The-modlflcatlons'resultmostly-ln- 
off-peak operation changes 

Total Measure Savings 

, Average Cost of Electrlcffy 

Annual Cost Savings 

Cost of VAV Box Control I Cost of VAV Box Control Modifications 

396,742 kWh/yr 

$0.08 per kWh 

$31,739 per year 

$40,000 

~l#~lipl~g~l~l~filMton the VAV boxes are currently 50% oFthe box maximum. In the meeting rooms end 
~allrooms. this results in considerable energy loss when the rooms are unoccupied or when cooling is not needed. 
~,eset the box minimums to allow for a 20% minimum when cooling is not needed durin B normal hou~ and to 
:omplctcly close at night when the spaces are not in use. Saving~l From this simple change reverberate throughout the 
system, but only the mosl obvious savingm are included in this calculation. 

"Approxlmatety'$400"per'bo~- f o r -  
100 VAV boxes 



Hyatt Regency Energy Saving Measures 
Measure 9: Remove Inlet Guide Vanes on AC-I Supply Fans 

End Use: Air Handler AC-I 

Air Handler Motor Size 

Average Molor Power (each) 

Estimated Efficiency Gain 

Existing Peak Period Fan Power Demand 

Peak Period Fan Power Demand Reduction 

Proposed Peak Period Fan Power Demand 

Existing Average Fan Energy 

Proposed Average Fan Energy 

Total Fan Energy Savings 

75 hp 

30 kW 

5% 

168 kW 

8.4 kW 

159.5 kW 

349,341 kWh/yr 

331,874 kWh/yr 

17,467 kWh/yr 

Measured 

Manufacturer's data 

From measure 8 

From measure 8 

End Use: Chillers 

Existing Average Total Fan Power 

Proposed Average Total Fan Power 
E ~i~i~-A v e r g e  P~gi  [ i~ F~-,~, lo~ R eat 
Load on Chillers 
l : ~ ' - A v e  r a ~ g e  a ~ i i i ~  F~'ff-K4~'-H ~ 
Load on Chillers 

Average Chiller Efficiency 

39.9 kW 

37.9 kW 

1 1.3 tons 

10.8 tons 

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 

Annual Hours of Chiller Operation 

Total Chiller Energy Use 
Existing Average Parasitic Fan Motor Load on 
Chillers 

237 kW 

4,544 hrs/yr 

271,581 kWh/yr 

26,800 kWh/yr 

25,460 kWh/yr 
Proposed Average Parasitic Fan Motor Load on 
Chillers 

Proposed Total Chiller Energy Use 270,241 kWh/yr 

Total Chiller Energy Savings 1,340 kWh/yr 

-An n u a I FZ~'d'bi~-d "~gl~g-fo r 
measure 1 

From measure 8 

Total Measure Energy Savings 

Average Cost of Electricity 

18,807 kWh/yr 

$0.08 per kWh 
- g l ~ ' i f f E l ~ d i n ~  k-~ em a r i d - -  

Annual Cost Savings $1,505 per year savings 

Cost of Removing Guide Vanes $2,000 

Measure Description 
The supply fans in AC-I originally used inlet vane control 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 enter the fan more easily which can reduce the 
Fan s power by 5%. 



Installation of EMS (Site 2541) 

Program 
Measure 
Site Description 

Advanced Performance Options Program 
InstaUation of Energy Management System 
College/University 

Measure Description 

Summary of Ex Ante 
Impact Calculations 

Comments on PG&E 
Calculations 

Evaluation Process 

Additional Notes 

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. 

Impact Results 

KW KWh Therm 
MDSS 0 376,640 26,768 

0 376,640 26,768 Adjusted 
En6ineerin s 
Engineering 

Realization Rate 
N / A  1.00 1.00 



Chiller & Cooling Tower Replacement (Site 2542) 

Program 
Measure 

Site Description 

Retrofit Efficiency Options Program 
High Efficiency Water-Cooled Chiller and 
Oversized Cooling Tower 
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 



Additional Notes 

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. 

Cooling Tower Impact Results 

KW KWh Therm 
MDSS 30.8 168,590.89 0 

Adjusted 42.66 36,861.25 0 
Ensineerin s 
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 
Ensineering 
Engineering 0.86 0.24 N / A  

Realization Rate 



Site 2542: Results 

Chiller Results 
Savings 

MDSS 
QC 77,514 

Realization Rate 

Energy 
Impact 

317,858 
75,202 

0,24 

Demand 
Impact 
86.8 
75 

0.86 

Pre-Retrofit Chiller 
Nora. Eff 0.7 

Nom. Tons 350 
nom kw 245 

Outdoor DB Operating H 
Temperature (F) peryear(Acl 

112 0.00 
107 30.00 
102 100.00 
97 184.00 
92 303.00 
87 325.00 
82 379.00 
77 404.00 
72 338.00 

Totals 2063.00 

g Hours Tons Output Efficiency 
rear(Actual) (kW/Ton) 

350 0.624 

341 0.584 
298 0.583 
254 0.586 
210 0.599 
166 0.626 
123 0.686 

79 0.830 

35 1.377 

Annual Energy Peak Demand 
Use (kWh/year] (kW) 

0.00 

5,978.20 

17,331.82 
27,380.05 

38,100,16 

33,846.73 
31,842.14 
26,409.26 
16,295.69 

0.00 
199.27 
173.32 
148.80 
125.74 
104.14 
84.02 
65.37 
48.21 

197,184.05 199.27 

Annual Energy Peak Demand 
Use (kWh/year) (kW) 

Title 24 Baseline Chiller 
Nom. Eff J 0.748 

Nom. Tons I 350 
nom kw 261.830 

Outdoor DB Operating He 
Temperature (F) per year (TM 

112 
107 
102 
97 
92 
87 
82 
77 
72 

Totals 2,194.00 

Hours Tons Output Efficiency 
,ear(I-MY) (kW/Ton) 

0.00 350 0.667 
4.29 341 0.624 
82.29 298 0.623 

185.14 254 0.627 
295.43 210 0.640 

353.86 166 0.669 

431.14 123 0.733 
430.14 " 79 0.887 
411.71 35 1.472 

0.00 
912.69 

15,241.29 
29,442.61 
39,699.92 
39,383.50 
38,711.25 
30,049.72 
21,213.14 

0.00 
212.96 
165.22 
159.03 
134.38 
111.30 
89.79 
69.86 
51.52 

214,654.12 212.96 

Cooling Tower Results Energy 
Savings Impact 

MDSS 168,591 
QC 35,119 36,861 

Realization Rate 0.22 

Post-Retrofit Chiller 
Nom. Efff 0.486 

Nom. Tons 350 
nora kw 170.1 

Outdoor DB 
Temperature (F) 

112 

107 

102 

97 

92 

87 

82 

77 

72 

Operating Hours 
per yearC1"MY) 

0.00 
4.29 

82.29 
185.14 
295.43 
353.86 
431.14 
430.14 
411.71 

Totals 2,194.00 

Tons Outpu| 

350 
341 
298 
254 
210 
166 
123 
79 
35 

Post-Retrofit Chiller w/Coolong Tower 
Nom. Eft 1 0.486 

Nom. Tons J 350 
nom kw 170.1 

Outdoor DB 
Temperature (F) 

112 
107 
102 
97 
92 
87 
82 
77 
72 

Totals 

Operating Hours 
per year (TMY) 

0.00 
4.29 

82.29 
185.14 
295.43 
353.86 
431.14 
430.14 
411.71 

2,194.00 

Tons Output 

350 

341 
298 

254 

210 

166 

123 

79 

35 

Demand 
Impact 
30.8 
43 
1.38 

Annual 
Efficiency Energy Use Peak Demand 
(kW/Ton) (kWh/year), (kW) 

(TMY) 
0.433 0.00 0.00 

0.405 592.94 138.35 
0.404 9,90].63 120.33 

0,407 19,127.65 103.31 
0.416 25,791.40 87.30 
0.435 25,585.83 72.31 
0.476 25,149.10 58.33 
0.576 19,522.06 45.39 
0.956 13,781.30 33.47 

139,451.92 138.35 

I Annual Energy 
: Operating Use 
Hours per year 

(Actual) (kWh/year), 
(Actual) 

0.00 

30.00 
100.00 
184.00 
303.00 
325.00 
379.00 

379.00 
379.00 

0.00 
4.150.58 
12,033.24 
19,009.58 
26,452.40 
23,499.30 
22,107.54 
17,200.94 
12,686.26 

2,079.00 137,139.83 

Operating Annual Energy 
Use 

Hours per year (kWh/year), 
(Actual) 

(Actual) 

Annual 
Efficiency Energy Use Peak Demand 
(kW/Ton) (kWh/year), (kW) 

(TMY) 
0.308 0.00 0.00 
0.280 410.13 95.70 
0.279 6,841.63 83.14 
0.282 13,255.15 71.59 
0 .291 18,036.40 61.05 
0.310 18,232.24 51.52 
0.351 18,547.22 43.02 
0 .451 15,287.85 35.54 
0.831 11,980.05 29.10 
0.00 102,590.67 95.70 

0.00 
30.00 
100.00 

184.00 
303.00 
325.00 
379.00 
404.00 
404.00 

0.00 

2,870.89 

8,314.49 

13,173.33 

18,498.65 

16,745.39 

16,304.10 

14,358.69 

11,755.58 
2,129.00 102,021.13 



Site 2542: Inputs to Model 

Parameter Value Reported I Units of Parameter I Notes 

City Fresno 
Climate Zone 13 

Pre-Retrofit Nominal Chiller Capacity 350 Tons Application 
Pre-Retrofit Nominal Chiller Efficiency 0.7 kW/ton 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 kW/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 Installation 6/21197 Contact provided estimate 
Date at Run Hour Reading 8110•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 * 517 

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 Chiller 

Centrifugal Chiller (Water-Source) a 
Capacity Correction (Tout, Tin) [ 
Part Load Efficiency (PLR) [ 

Temp Efficiency (Tout, Tin) [ 

b c d e f 
-0.29861976 ) 0.02996076 ! " -010008012s i 15) 0.01736268 [ -0.00032606~ 0.00063139 
0.17149273) 0.58820208) 0.23737257) 
0 5 777 961 -0.00400363! 0.000020281 0.00698793[ OmO0~8~O L "01000)S46~ 

N o , .  Eff 0.486 
N o , .  Tons 350 

n o ,  kw 170.1 

Current Data Calculated Values Efficiency 
Outdoor I 

I Part Load Ambient 
DB Condenser Current Part Load 

temp Adjustment Adjustment EIR COP Temperatu Tons Output Temp Supply Capacity Ratio 
re to EIR to EIR 

112 350 82 48 353 1.000 1.00 0.89 0.1232 8.12 .0.433 
107 341 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 77.3 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 

kW/Ton 

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

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

II l lmlpJ~ll~alll l l l~ll~ll ) I I , ~[ 71 -0.00032606 I CAPFT I -0.29861976[ 0.02996076I 0.01736268] 0.000631 ;g 
, o . o o 6 ~ . . 3 1  o . o o o o . ~  [EIRFPLR 0.51777196 -0.00400363 0.00002028] , -0.0001546 

CAP-FT = A + (8 x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + iF 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) 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

Post-Retrofit Chiller 
Nom. Eft 

Nom. Tons 
horn kw 

a b c d e f 
! -o.~86,~7~ I o . o ~ o ~  -o.oo0~o,~5 i o . o ~ 6 ~  i -o.0oo~o~ ~ o _ o 0 ~  

[ ....... o:~..!..Z.7..,..~_t_:.~o~.!.o..?.3.~.. ~ 0.0000=8[ o .ooo~ i  o.oooo8~o1 -o.ooot~,,~] 

0.748 

350 

261.829787 

Outdoor 
DB 

Temperatu 
re 

Current Data 

Condenser 
Tons Output Temp Supply temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment 
Capacity Ratio to EIR to EIR 

Efficiency 

EIR COP kW/Ton 

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 O. 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 = 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) 

I 1 008 , , -0.°°0,54671 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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: Pre-Retrofit Chiller 

Centrifugal Chiller (Water-Source) 

Capacity Correction (Tout, Tin) 

Part Load Efficiency (PLR) 

Temp Efficiency (Tout, Tin) 

Post-Retrofit Chiller 
Nora. Eft 

Nom. Tons 

nora kw 

a b 
-0.29861976 

i 0.17149273 
0.02996076 

0.58820208 

-0.00400363 

c d e f 
~.00080125 [ 0.01736268 i -~.0~3260~. 0.00063139 

t ° . 2 3 7 3 , 2 5 7 1  -i -i - 

0 00008290 i -0 00015467 
- ~ -  . . . . . .  • . . . . . . . . . . .  ! . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . .  

0.7 

350 

245 

Outdoor 
DB 

Temperatu 

re 

Current Data 

Condenser 
Tons Output Supply temp 

Temp 

Calculated Values 

Part Load  Ambient 
Current Part Load 

Adjustment Adjustment 
Capacity Ratio 1o EIR to EIR 

Efficiency 

EIR COP kW/Ton 

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 79.3 49.3 359 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 = 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) 

I = - -  . . . . .  :-.~i, I _.,__ ] I ~ ~Z-~-~--~I~ . . . . . . . .  1t~ ....... ~ . . . . .  II , . . ~  .. I I  
CAPFT ~ -0.29861976[ 0.02996076 .0.000801251 0.017362681 -0.00032606 0.00063139 

IE,R- i 0.Sl.7196t ~0.00400303 0.000020~8L 0.00698793[ 0.°0008290-0.000154671 
.............................................................. i .......... ......... .............................. 4 .................................. :[ ............................. t 

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + iF 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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Chiller & Cooling Tower Replacement (Site 2670) 

Program 
Measure 

Site Description 

Advanced Perfo.rmance Options Prosram 
High Efficiency Water-Cooled Chillers and 
Coolin$ Tower 
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: 



Additional Notes 

A linear 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. 

• 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. 

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 ltl 
Nom. Elf 0.837 

Nom. Tons 300 
nora kw 251.143 

Post-Retrofit Chiller #1 
Nom. Eft I 0.57 

Nora. Tons I 300 
nom kw 171 

Outdoor D8 Operating 
Temperature(F) Hours per Tons Output 

year(TMY) 

112 0.00 222 
107 5.00 210 
102 96.00 198 
97 216.00 186 
92 345.00 174 
87 418.00 162 
82 544.00 150 
77 606.00 250 

72 722.00 200 

67 842.00 150 

62 965.00 100 

57 1,021.00 50 

Totals 5,780.00 

Title 24 Baseline Chiller ~2 
Nom. Eft 0.837 

Nom. Tons 300 
nom kw 251.143 

Efficiency 
(kW/Ton) 

0.772 
0.770 
0.771 
0.775 
0.781 
0.792 
0.807 
0.722 
0.731 
0.787 
0.957 
1.577 

Annual Energy 
Use (kWh/year) 

0.00 

808.67 

14,655.37 

31,118.23 
46,899.39 

53,617.68 

65,851.15 
109,339.26 
105,622.89 
99,425.84 
92,307.68 
80,526.54 

Peak Demand 
(kW) 

171.30 
161.73 
152.66 
144.07 
135.94 
128.27 
121.05 
180.43 
146.29 
118.08 
95.66 
78.87 

700,172.69 180.43 

Tons Output Efficiency Annual Energy Peak Demand 
(kW/Ton) Use (kWh/year) (kW) 

Outdoor OB Operating 
Hours per 

Temperature (F) year (TMY) 

112 0.00 
107 5.00 
102 96.00 
97 216.00 
92 345.00 
87 418.00 
82 544.00 
77 606.00 
72 722.00 
67 842.00 
62 965.00 
57 1,021.00 

Totals 5,780.00 

Post-Retrofit Chiller it2 
Nom. Eff [ 0.57 

Nom. Tons [ 300 
nom kw 171 

Outdoor DB 
Temperature (F) 

112 

107 
102 

97 

92 

87 
82 

Totals 

Operating 
Hours per 
year (TMY) 

0.00 
5.00 
96.00 
216.00 
345.00 
418.00 
544.00 

1,624.00 

162 
150 
138 
126 
114 
102 
90 

0.827 
0.842 
0.864 
0.893 
0.932 
0.985 
1.056 

0.00 
631.78 

11,445.83 
24,310.07 
36,674.16 
42,001.75 
51,722.68 

133.94 
126.36 
119.23 
112.55 
106.30 
100.48 

95.08 
166,786.27 133.94 

Outdoor DB Operating 
Temperature(F) Hours per 

year(TMY) 

112 0.00 
107 5.00 
102 96.00 
97 216.00 
92 345.00 
87 418.00 
82 544.00 

Totals 1,624.00 
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. 

Tons Output Efficiency 
(kW/Ton) 

222 0.465 
210 0.464 
198 0.465 
186 0.467 
174 0.472 
162 0.479 
150 0.489 
250 0.431 
200 0.438 
150 0.476 
100 0.591 
50 1.014 

Annual 
Energy Use 
(kWh~ear), 

(TMY) 
0.00 

487.62 
8,838.18 
18,777.45 
28,331.40 
32,444.64 
39,941.21 
65,357.72 
63,253.29 
60,119.80 
57,061.13 
51,766.50 
426,378.95 

Peak Demand 
(kW) 

103.32 

97.52 

92.06 

86.93 

82.12 

77.62 

73.42 

107.85 

87.61 

71.40 

59.13 

50.70 
107.85 

Operating 
Hours per year 

(Actual) 

0.00 
2,870.00 

0.00 
12.00 
54.00 
125.00 
254.00 

4,139.00 
339.00 
385.00 
410.00 
411.00 

8,999.00 

Annual Energy 
Use 

(kWh/year), 
(Actual) 

0.00 
279,891.43 

0.00 
1,043.19 
4,434.48 
9,702.34 
18,649.02 

446,395.39 
29,699.26 
27,489.46 
24,243.59 
20,838.43 
862,386.59 

Tons Output Efficiency 
(kW/Ton) 

162 0.503 
150 0.514 
138 0.528 
126 0.548 
114 0.575 
102 0.611 
90 0.659 

Annual 
Energy Use 
(kWh~ear), 

(TMY) 
0.00 

385.17 
6,998.44 
14,919.46 
22,611.17 
26,040.30 
32,279.72 
103,234.26 

Peak Demand 
(kW) 

81.48 

77.03 

72.90 

69.07 

65.54 

62.30 

59.34 

81.48 

Operating 
Hours per year 

(Actual) 

0.00 
35.00 
107.00 
224.00 
370.00 
434.00 
553.00 
1,723.00 

Annual Energy 
Use 

(kWh~year), 
(Actual) 

0.00 
2,696.18 
7,800.35 
15,472.03 
24,249.67 
27,037.06 
32,813.76 
110,069.04 



Site 2670: Results Without Cooling Tower 

Impacts Enemy Demand 
MDSS 180,468 58 

QC 276,658 100 
Realization Rate 1.53 1.73 

Title 24 Baseline Chiller ttl 
Nora. Eff 0.837 

Nom. Tons 300 
nom kw 251.143 

Outdoor DB Operating 
Temperature(F) Hours per Tons Outpul 

year(TMY) 

112 0.00 222 
107 5.00 210 " 
102 96.00 ~198 
97 216.00 186 
92 345.00 174 
87 418.00 162 
82 544.00 150 
77 606.00 250 
72 722.00 200 
67 842.00 150 
62 965.00 100 
57 1,021.00 50 

Totals 5,780.00 

Title 24 Baseline Chiller it2 
Nom. Eft I 0.837 

Nora. Tons I 300 
nom kw 251.143 

Efficiency 
(kW/Ton) 

0.77 
0.77 
0.77 
0.77 
0.78 
0.79 
0.81 
0.72 
0.73 
0.79 
0.96 
1.58 

Annual Energy 
Use (kWh&ear) 

0.00 
808.67 

14,655.37 
31,118.23 
46,899.39 
53,617.68 
65,851.15 
109,339.26 
105,622.89 
99,425.84 
92,307.68 
80,526.54 

Peak Demand 
(kW) 

171.30 
161.73 
152.66 
144.07 
135.94 
128.27 
121.05 
180.43 
146.29 
118.08 
95.66 
78.87 

700,172.69 180.43 

Tons Output Efficiency Annual Energy Peak Demand 
(kW/Ton) Use (kWh&ear) (kW) 

Outdoor DB Operating 
Temperature (F) Hours per 

year (TMY) 

112 0.00 
107 5.00 
102 96.00 
97 216.00 
92 345.00 
87 418.00 
82 544.00 

Totals 1,624.00 

162 
150 
138 
126 
114 
102 
90 

0.83 
0.84 
0.86 
0.89 
0.93 
0.99 
1.06 

0.00 
631.78 

11,445.83 
24,310.07 
36,674.16 
42,001.75 
51,722.68 

133.94 
126.36 
t19.23 
112.55 
106.30 
100.48 
95.08 

166,786.27 133.94 

Post-Retrofit Chiller I11 
Nora. Eft 0.57 

Nom. Tons 300 
nom kw 171 

Outdoor DB Operating 
Tempera/ure'(F) Hours per 

year(TMY) 

112 0.00 
107 5.00 
102 96.00 
97 216.00 
92 345.00 
87 418.00 
82 544.00 
77 606.00 
72 722.00 
67 842.00 
62 965.00 
57 1,021.00 

Totals 5,780.00 

Post-Retroflt Chiller #2 
Nom. Eff I 0.57 

Nom. Tons I 300 
nom kw 171 

Outdoor DB Operating 
Hours per 

Temperature (F) year (TMY) 

112 0.00 
107 5.00 
102 96.00 
97 216.00 
92 345.00 
87 418.00 
82 544.00 

Totals 1,624.00 

Tons Output Efficiency 
(kW/Ton) 

222 0.53 
210 0.52 
198 0.52 
186 0.53 
174 0.53 
162 0.54 
150 0.55 
250 0.49 
200 0.50 
150 0.54 
100 0.65 
50 1.07 

Efficiency 
Tons Output (kW~on) 

162 0.56 
150 0.57 
138 0.59 
126 0.61 
114 0.63 
I02 0.67 
90 0.72 

Annual 
Energy Use 
(kWh&ear), 

(TMY) 
0.00 

550.62 
9,978.66 
21,188.01 
31,933.20 
36,507.60 
44,837.21 
74,447.72 
71,917.29 
67,697.80 
62,851.13 
54,829.50 

476,738.75 

Annual 
Enemy Use 
(kWh&ear), 

(TMY) 
0.00 

430.17 
7,793.32 
16,552.42 
24,970.97 
28,598.46 
35,217.32 
113,562.66 

Peak Demand 
(kW) 

116.64 
110.12 
103.94 
98.09 
92.56 
87.34 
82.42 
122.85 
99.61 
80.40 
65.13 
53.70 
122.85 

Operating 
Hours per year 

(Actual) 

0.00 
2,870.00 

0.00 
12.00 
54.00 
125.00 
254.00 

4,139.00 
339.00 
385.00 
410.00 
411.00 

8,999.00 

Annual Energy 
Use 

(kWh/year), 
(Actual) 

0.00 
316,053.43 

0.00 
1,177.11 
4,998.24 
10,917.34 
20,935.02 
508,480.39 
33,767.26 
30,954.46 
26,703.59 
22,071.43 

976,058.27 

Peak Demand 
(kW) 

91.20 
86.03 
81.18 
76.63 
72.38 
68.42 
64.74 

Operating 
Hours per year 

(Actual) 

0.00 
35.00 
107.00 
224.00 
370.00 
434.00 
553.00 

91.20 1,723.00 

Annual Energy 
Use 

(kWh/year), 
(Actual) 
0.00 

3,011.18 
8,686.31 
17,165.47 
26,780.47 
29,693.14 
35,799.96 
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 Chiller Efficiency 1.044 kWlton Application 

Number of Pre-Retrofit Chillers 2 
Post-Retrofit Nominal Chiller Capacity 300 Tons Application 
Post-Retrofit Nominal Chiller Efficiency 0.57 kWlton From Chiller Rating Sheet 

Number of Post-Retrofit Chillers 2 
Baseline Chiller Efficiency 0.837 kWlton 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 #I Startup OSA Temperature 55 F Contact provided estimate 
Chiller #I Max Load OSA Temperature 110 F Contact provided estimate 

Chiller U2 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 #I Installation 411199 Contact provided estimate 
Date of Chiller #2 Installation 1120199 Contact provided estimate 

Date at Run Hour Reading 8111199 Chiller Log 
Number of Days Chiller #I Operated 122 days = ((Read Date - Install Date) * 517) - I 0 Holidays 
Number of Days Chiller #2 Operated 193 days = ((Read Date - Install Date) * 517) - I 0 Holidays 

Run Hours for Chiller #I 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) 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

a b c d e f 
i 0.58531422 0.015395593 ] 0.00007296 .0.00212462 i -0.00000715 [ -0.00004597 

r 0.3'0188'3 i 0.23ss429,] 0.4~07~8, - - T I  - - . ~ C  - - - - :  
i 0.66625403! o.oo068584j 0.00028498 i -0.003416771 0.000254841 -0.00048195 

Nom. Eff 0.57 
Nom. Tons 300 
nomkw 171 

Current Data Calculated Values 

Part Load Ambient 
Outdoor D8 Condenser Current Part Load 

Adjustment Adiustment 
Temperature Tons Output Temp Supply temp Capacity Ratio to EIR to EIR 

Efficiency, 

EIR COP kW/Ton 

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 44 311 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.S 44 313 0.500 0.56 0.86 0.1563 6.40 0349 
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 44 317 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 = 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) 
"iI~ | I I I l  I I ~ l  

I • , ,, ] I IImlI I] , ,  

iCAPFT 0.58531422 0.01 S39593 0.00007296 -0.002124621 -0.0000071S -0.00004597 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  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-Fr = 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/IE5 Standard 90.1-1989 User's Manual - November 1992. 



Site 2670: Post-Retrofit Chil ler #2 

Centrifugal Chil ler (Water-Source) a 

Capacity Correction (Tout, Tin) i 
Part Load Efficiency (PLR) i 

Temp Efficiency (Tout, Tin) ~ 

b d e f 
0158531422 i 0.01539593 

0.33018833! 0.23554291 

0.666254031 0.00068584 

Nom. Eft 0.57 

Nom. Tons 300 

nom kw 171 

0.00007296 -0.00212462 

0.4607082 

0.0002849E -0.00341677 

-0.00000715 -0.00004397 i 

it ' 0.0002548 i -0,000481 

Current Data Calculated Values 

Part Load Ambient 
Outdoor  DB Condenser Current Part Load 

Adjustment Adjustment 
Temperature Tons Output Temp Supply temp Capacity Ratio to EIR to EIR 

Efficiency 

EIR COP kW/Ton 

112 162 79.5 44 309 0.540 0.59 0.90 0.1601 6.25 0.563 

107 150 79 44 310 0.500 0.56 0.89 0.1631 6.13 0.574 

102 138 78.5 44 310 0.460 0.54 0.89 0.1673 5.98 0.588 

97 126 78 44 311 0.420 0.51 0.88 0.1730 5.78 0.608 
92 114 77.5 44 312 0.380 0.49 0.87 0.1806 5.54 0.635 
87 102 77 44 313 0.340 0.46 0.86 0.1908 5.24 0.671 

82 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. 

Chil ler Plant Coefficients -- Electric Water-Cooled Chillers (source Mark Hydeman October 2 1997 Proposed Changes to the ACM Manual  -- Central Plant Cool ing Equipment) 

.... , _lml illl[  E j , i m g m l  
CAPFT ! 0.58531422[ 0.01539593 0.00007296 -0.00212462 -0.0000071.5 -0.00004593 [ 
EIRFT i [ 0.66625403 0.00068584 0.00028498 -0.00341677 0.00025484 -0.0004819 

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 chi l led 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 condit ions (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 chi l led water supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures. 

souce of  equations: ASH RAEIIES Standard 90. I -I 989 User's Manual  - November 1992. 



Site 2670: Baseline Chiller ;11 

Centrifugal Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
TempEfficiency (Tout, Tin) 

0.58531422 
0.33018833 

......................... J ................................ ~ ........................... 4 .................................... 
"-016662"5403 0.00068584! 0.00028498! -0.00341677! 0.0002S4~ 

Nom. Eft 0.837 

Nom. Tons 300.000 
nom kw 251.142857 

c d e f 
o.ots39593~ 0.00007296 [ .0.00212462 i -0.00000715 -0.00004597 

i i 
0 235542911 0.46070828 -[ 

-0.0004819S 

Current Data [ 

I 
temp! Current 

, Capacity 

Calculated Values 
Part Load Ambient 

Efficiency 

Outdoor DB Condenser Part Load 
Temperature Tons Output Temp Supply Ratio Adjustment Adjustment 

to EIR to EIR J 
112 222 79.5 44 309 0.740 0.76 0.90 0.2195 4.56 0.772 
107 2tO 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 0.771 
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 4.44 0.792 

82 150 76.5 44 313 0.500 0.56 0.86 0.2295 4.36 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 74.5 44 317 0.333 0.46 0.83 0.2721 3.68 0.957 
57 S0 74 44 317 0.167 0.38 0.82 0.4486 2.23 1.S77 

EIR COP kW/Ton 

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) 

I "~"~ I - I ~ l l l l l ~ l l l ! ! ~ . J ~ l _  II 
CAPFT ] 0.5853142~ 0.0~ S39593] 0.00007296j -0.00212462! -0.000007151 -0.00004597 

l ~ i ~  .......................................................... I .......... o~,-~g~~~-6~ -6:6~g8%8-4[ ........... o.6~2-~4~g]-- :o:o6~~~yi-o- .~66~s~~ ......... :0:6~48i~g 
I E'RrPLR l 0.3301a833 0.2sss429,  o.46070828 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-I 989 User's Manual - November 1992. 



Site 2670: Baseline Chiller #2 

Centrifugal Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 

Part Load Efficiency (PLR) 

Temp Efficiency (Tout, Tin) 

N o , .  Eft 

N o , .  Tons 
n o ,  kw 

0.58531422 

I . . . . . . . . . . . . .  L o.6oo2s46] 

b c d e f 
0.0,539593 I 0.0000729o i -0.00212462 i -0.000007,5 1 -0.00004s97 1 

o.~6o~o828! -i -; -I 0.23554291: .......... ............... I 

......... ~ ;~5a~g~  ~, . . . . .  o1666~8~~8! sj 
0.837 

300 
251.142857 

Outdoor D8 
Temperature 

Current Data 

Condenser 
Tons Output Temp Supply temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Capacity Ratio Adjustment Adjustment 
to EIR to EIR 

Efficiency 

EIR COP kW/Ton 

112 162 79.5 44 309 0.540 0.59 0.90 0.2352 4.25 0.827 

107 150 79 44 310 0.500 0.56 0.89 0.2396 4.17 0.842 

102 138 78.5 44 310 0.460 0.54 0.89 0.2457 4.07 0.864 

97 126 78 44 311 0.420 0.51 0.88 0.2540 3.94 0.893 

92 114 77.5 44 312 0.380 0.49 0.87 0.2652 3.77 0.932 

87 102 77 44 313 0.340 0.46 0.86 0.2802 3.57 0.985 
82 90 76.5 44 313 0.300 0.44 0.86 0.3005 3.33 1.056 

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

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

[CAPFT 0.58531422 0,01539593 0.00007296 -0.00212462 -0.00000715) -0.00004597 ............................................................................................................................................................................... j ............................................................ i . . . . . . . . . . . . . . . . . . . . . . . .  0++ 25403t 000008 8 1 0000284 8  00034,0, 1 0.000254841 0000 814 
iEIRFPLR 0.33018833[ 0.23554291[ 0.46070828[ -~ -J -1 
• ! , i [ 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. 



Nom. Eft 
Nom. Tons 
nom kw 

Current Data 

b c d 

0.~ B3~011~ 3 , . ~  ;~5~;1T 0 .~.~600~0986 B t -0.00212462 

1 •04444444 
225 

235 

e f 
-0.00000715 t -0.00004597 

") 
............ ~ : ~ ] i - : ~ : ~ '  

Site 2670: Pre-Retrofit Chiller #1 

Centrifugal Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

Calculated Values 

Part Load Ambient 
Efficiency 

kW/Ton 
Outdoor DB Condenser Current Pan Load 

Adjustment Adjustment EIR COP Temperature Tons Output Temp Supply 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 1.111 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 74.5 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 Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment) 

I1 , : ~  I~ I I I , I I I I 
!CAPFT J 0.58531422J 0.015395931 0.0000729E -0.00212462[ -o.ooooo7'1 s I -0.00004597 I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 ~E,RF. ! o66o254o3 r o ooo68s~I o ooo2849~ o o o 3 ~ . I  o ooo~s~T oooo~,%1 
i~,RF~ ~ o~o,.33~ o ~ 9 ,  I o~o~o8~ I i i 

CAP-FT = A + (13 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: ASH RAE/IES Standard 90.1-1989 User's Manual - November 1992. 



Site 2670: Pre-Retrofit Chiller//2 

Centrifugal Chiller (Water-Source) 

Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

a b c d e f 
[ 0.58531422 [ 0.01539593 0.00007296 -0.00212462 "T -0.00000715 I -0.00004597 

. . . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . .  . . . . . . . . .  

[ " -  / | - '  - -  . . . . . . . . . . . . .  

Nom. Eft 1.044 

Nom. Tons 225 
nom kw 235 

Outdoor DB 
Temperature 

Current Data 

Condenser 
Tons Output Temp Supply temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Capacity Ratio Adjustment Adjustment 
to EIR to EIR 

Efficiency 

EIR COP kW/Ton 

112 162 79.5 44 232 0.720 0.74 0.90 0.2747 3.64 0.966 
107 150 79 44 232 0.667 0.69 0.89 0.2755 3.63 0.969 
102 138 78.5 44 233 0.613 0.65 0.89 0.2779 3.60 0.977 
97 126 78 44 233 0.560 0.61 0.88 0.2825 3.54 0.993 

92 114 77.5 44 234 0.507 0.57 0.87 0.2898 3.45 1.019 

87 102 77 44 235 0.453 0.53 0.86 0.3007 3.33 1.057 

82 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 -- Electric Water-Cooled Chillers (source Mark Hydeman October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment) 
I J Z ~ =  • . . . .  

I c^PFT T 0.58 3,422] o.oooo,2%[ .0.002  462[' .0.0'00007,5 F -0.00004597' 
[~'~? ........................................................................... [ .......... -6T6-~6.g~o3] . . . .  ~.b~60-gg41 .............. 6 ~ 8 ~ ~ ~ [  ........... :~~3~-?~~[----6166~~~-~~1-~6Z~~ [ 
~~-,~ [ 0.330~8833i 0.235s~29~1 0.~6070~2~1 -I -/ -i 
/ I / / I | 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. 
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Chiller Replacement (Site 2671) 

Program 
Measure 
Site Description 

Retrofit Efficiency Options Program 
High Efficiency Water-Cooled Chiller 
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 pro, 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 

degrees and 100% loading at 120 degrees. 

• 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. 

Impact Results 

KW KWh Therm . 
MDSS 15.15 67,159.68 0 

5.23 6,456.60 0 Adjusted 
Engineering 
Engineering 

Realization Rate 
0.34 0.10 N / A  



Site 2671: Results 

MDSS 
QC 

Impacts Savings 
Demand Energy Energy Demand 

67,159 15.15 
6,457 5 8,159 10 

Realization Rate 0.10 0.34 0.12 0.65 

Title 24 Baseline Chiller 

Nom. Eff I 0.925 
Nom. Tons 80 

nom kw 74.021 

Outdoor DB 
Temperature (F) 

122 
117 
112 
107 
102 
97 
92 
87 
82 
77 
72 

Totals 

Operating 
Hours per 

year (TMY) 

0.00 
0.00 
0.00 
5.00 

96.00 
216.00 
331.00 
356.00 
410.00 
407.00 
0.00 

1,821.00 

Tons Output 

80 
73 
65 
58 
51 
44 
36 
29 
22 
15 
7 

Efficiency 
(kWfron) 

0.976 
0.968 
0.966 
0.975 
0.996 
1.039 
1.132 
1.267 
1.519 
2.025 
3.637 

Annual Energy 
Use (kWh/year) 

0.00 
0.00 
0.00 

283.51 
4,869.83 
9,791.62 
13,627.44 
13,123.96 
13,590.86 
11,985.74 

0.00 
67,272.96 

Peak Demand 
(kW) 

0.00 
0.00 
0.00 

56.70 
50.73 
45.33 
41.17 
36.87 
33.15 
29.45 
0.00 
56.70 

Post-Retrofit Chiller 
Nom. Eft 0.84 

Nom. Tons 80 
nora kw 67.2 

Outdoor DB Operating 
Temperature (E) Hours per 

year (TMY) 

122 0.00 
117 0.00 
112 0.00 
107 5.00 
102 96.00 
97 216.00 
92 331.00 
87 356.00 
82 410.00 
77 407.00 
72 0.00 

Totals 1,816.00 

Pre-Retrofit Chiller 

Nom. Eff 810 
Nom. Tons 

nom kw 80 

Outdoor DB Operating 
Hours per 

Temperature(F) year(TMY) 

122 0.00 
117 0.00 
112 0.00 
107 5.00 
102 96.00 
97 216.00 
92 331.00 
87 356.00 
82 410.00 
77 407.00 
72 0.00 

Totals 1,821.00 

Tons Output Efficiency 
(kW,/Ton) 

80 0.886 
73 0.879 
65 0.877 
58 0.885 
51 0.905 
44 0.943 
36 1.028 
29 1.150 
22 1.379 
15 1.838 
7 3.302 

Tons Output Efficiency 
(kWlTon) 

80 1.055 
73 1.046 
65 1.044 
58 1.053 
51 1.077 
44 1.123 
36 1.224 
29 1.370 
22 1.642 
15 2.188 
7 3.930 

Annual 
Energy Use 

.(kWh~ear), 
(TMY) 
0.00 
0.00 
0.00 

257.39 
4,421.08 
8,889.32 
12,371.67 
11,914.56 
12,338.46 
10,881.25 

0,00 
60,816.36 

Annual 
Energy Use 
(kWh/year), 

(TMY) 
0.00 
0.00 
0.00 

306.41 
5,263.19 
10,582.53 
14,728.17 
14,184.03 
14,688.64 
12,953.87 

0.00 
72,706.84 

Annual Energy 
Peak Demand Operating Use 

Hours per year 
(kW) (Actual) (kWh/year), 

(Actual) 
0.00 
0.00 
0.00 

51.48 
46.05 
41.15 
37.38 
33.47 
30.09 
26.74 
0.00 

0.00 
0.00 
0.00 
28.00 
92.00 
149.00 
213.00 
215.00 
266.00 
294.00 

0.00 

0.00 
0.00 
0.00 

1,441.37 
4,236.86 
6,131.99 
7,961.22 
7,195.61 
8,004.95 
7,860.17 

0.00 
51.48 1,257.00 42,832.17 

i Annual Energy 
Peak Demand Operating Use 

Hours per year 
(kW) (Actual) (kWh/year), 

(Actual) 
0.00 

0.00 

0.00 

61.28 

54.82 

48.99 

44.50 

39.84 

35.83 

31.83 
0.00 

0.00 
0.00 
0.00 

28.00 
92.00 
149.00 
213.00 
215.00 
266.00 
294.00 

0.00 

0.00 
0.00 
0.00 

1,715.92 
5,043.89 
7,299.98 
9,477.65 
8,566.20 
9,529.70 
9,357.34 

0.00 
61.28 1,257.00 50,990.68 



I Value Reported Parameter 
Building Location Coalinga 

Climate Zone 13 

Site 2671: Inputs to Model 

Units of Parameter Notes 

Pre-Retrofit Chiller Nominal Capacity 80 Tons Assumed 
Pre-Retrofit Chiller Nominal Efficiency I kWlton Assumed 

Post-Retrofit Chiller Nominal Capacity 80 Tons 
Post-Retrofit Chiller Nominal Efficiency 0.84 kWlton 

Post-Retrofit Chiller Startup OSA Temperature 70 F 
Post-Retrofit Chiller Max Load OSA Temperature 120 F 

Post-Retrofit Chilled Water Supply Temperature Selpoint 44 F 
Post-Retrofit Condenser Water Temperature Setpoint 85 F 

Baseline Chiller Efficiency j 0.925 kW/ton 
! 

Chiller AM Lockout S:00 AM 
Chiller PM Lockout 10:00 PM 

Post-Retrofit Compressor #I Run Hours 1158 hours 
Post-Retrofit Compressor ,12 Run Hours 764 hours 

Hours with both Compressors Operating Simultaneously 

Application 
From Chiller Rating Sheet 
Contact provided estimate 
Contact provided estimate 
Contact provided setpoints 
Contact provided setpoinls 

Tille 24 Nominal Efficiency for Chiller > 300 Tons 

24 hours per day, 7 days per week 
24 hours per day, 7 days pef week 

Documented from Chiller Log 
Documented from Chiller Log 

51 hours Actual Hours at 107 and above 
Post-Retrofit Chiller Run Hours 1871 hours = Sum (Compressor #I Run Hours, Compressor #2 Run Hours) - Simultaeous Hours 

Date of Chiller Installation 1214/97 Contact provided estimate 
Date at Run Hour Reading 8/9199 

Number of Days Chillers Operated 614 days = ((Read Date - Install Dale) ° 5/7) - 10 Holidays 
Average Hours per Year of Operation for Chiller 1112.24 Hours/Year = Compressor # I Average Hours per Year + Compressor u2 Average Hours per Year 

Run Hours Since Install Using Actual Weather & Setpointss 1907.00 hours Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details 
Modeled Hours per Year from Actual Weather Data 12.57.00 HoursJYear Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details 



Site 2671: Post-Retrofit Chiller 

Screw Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 

Temp Efficiency (Tout, Tin) 

Nom. Eft 

Nora. Tons 
nom kw 

a b c 
0.58531422 ] 0.01539593 I 0.00007296 

[ , 

0.33018833 i 0.235542911 0.46070828 

0.666254031 0.00068584[ 0.00028498 

-0.00212462 

-0.00341677 

e 
-0.0000071S -0.00004597~i 

" - i  
_ _  . . J  

0.00025484 -0.00048195 

0.84 

80 
67.2 

Outdoor DB 
Temperature 

Current Data Calculated Values 

Part Load Ambient 
Condenser Current Part Load 

Adjustment Adjustment 
Tons Output Temp Supply temp Capacity Ratio to EIR to EIR 

Efficiency 

EIR COP kW/Ton 

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 1.01 0.9390 1.06 3.302 

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) 

I _.o~ ; . . . . .  r ,  , l ~ l ~ l ~ l ~ l ~ l ~ l  
CAPFT 0.58531422 ! 0.01539593 0.00007296 ..0.00212462 -0.00000715 -.0.00004597 J 

EIRFT 0.66625 i 0.00069 0.00028 -0.00342 0.00025 .-0.000411 

EiI@PI~R . . . . . . . . . . . . . .  ~ . . . . . . . .  0~"3~'~0 91 . . . . . . .  0~2"3S~4] . . . . . .  "6'~4607"i ............................................................................................... ]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 chil led water supply temperature (CHWS, or Tout) and condenser water supply temperature (CWS, or Tin). 

EIR-FPLR = A + (8 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 2671 : Baseline Chiller 

Screw Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

Nom. Eff 
Nom. Tons 

nora kw 

a b c d e f 
[ 0.58531422 0.01539593"[ 0.00007296 -0.00212462 [-0.00000715 i ~.00004597 

0.925 

80 

74.021 

Current Data Calculated Values 

Part Load Ambient 
Outdoor DB Condenser Current Part Load 

Adjustment Adjustment 
Temperature Tons Output Temp Supply temp Capacity Ratio to EIR to EIR 

Efficiency 

EIR COP kW/Ton 

122 80 85 42 77 1.000 1.03 1.03 0.2777 3.60 0.976 
117 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 3.11 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 2.31 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 = EIRratecl 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 -- Cenlral Plant Cooling Equipment) 

I~-T~--7--~ i a ~ i l l  I l i i m m l i m a i l l i i l  
cAPrr ! o.sss3,4z2 o.o,s39s931 o.ooooTzge °0.002124621 -0.00000715 -0.00004597 

- o.oooo  l o.ooo   .o.oo,4  o.ooo   l .o.ooo4  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: ASHRAE/IES Standard 90.1-1989 User's Manual - November 1992. 



Site 2671: Pre-Retrofit Chiller 

Screw Chiller (Water-Source) 
Capacity Correction (Tout. Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

b d e f 
[ -~ - :~5-~2v- [ - -~ :~ i~  o.oooo,~ i -o.oo,,,,s, -o.ooooo7,sT -o.oooo,~.] 
L _ _ o . ~ o , ~  I o . ~ s ~ ,  ° . ' ~ ° ' ° ~ i  -i I ! ......... 0:6~,0.!.s.~..O~L_......o:o.ooo.~ss~ o.oo02~F - ~ . 0 0 ~ , ,  ~ ~  ~.000~8.!.9.s] 

Nom. Eft I 
Nom. Tons 80 
nom kw 80 

Outdoor DB 
Temperature 

Current Data 

Condenser 
Tons Output Temp Supply temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment 
Capacity Ratio to EIR to EIR 

Efficiency 

EIR COP kW/Ton 

122 80 85 42 77 1.000 1.03 1.03 0.3001 3.33 1.055 
117 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 3.13 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 41 76 O. 182 0.39 1.02 0.6223 1.61 2.188 
72 7 83 41 77 O.O91 0.36 1.01 1.1179 0.89 3.930 

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) 

:_:~: '  ~: i .  ~ ~ ; . ,~ ' , i  i ::11. ' ~ , " I L _ _ _ ~ _ L _ . . J L . . = _ L _ J [ L ~ _ 2 _ : _ L . Z J . L L : _ ~ _ _ _ _ I I _ _ ~ L  1! , ~ , - I L___~ ._2 ._ IL_=_~__~_J ! , i £Z ,=_~_Z : . _ IE . ! . £= .~___ IL .~_  i 

EIRFT [ 0.66625 / 0.000691 0.00028J -0.003421 0.00025j -O.O004B I 

..................................................................... i ................... ............   3Y5t . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  J 
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 + (8 x PLR) + (C x PLR x PLRI 
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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Customized Space Conditioning (Site 2766) 

Program 
Measure 
Site Description 

Advanced Performance Options Program 
Space Conditioning (Customized) 
Office 

Measure Description 

Summary of Ex Ante 
Impact Calculations 

Comments on PG&E 
Calculations 

Evaluation Process 

Additional Notes 

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. 

Impact Results 

KW KWh Therm 
MDSS 145 288,259.81 0 

145 288,259.81 0 Adjusted 
En~ineerin 8 
Engineering 

Realization Rate 
1.00 1.00 N / A  



Plate & Frame Heat Exchanger (Site 2771) 

Program 
Measure 
Site Description 

Advanced Performance Options Program 
Install a Plate & Frame Heat Exchanger 
Office 

Measure Description 

Summary of Ex Ante 
Impact Calculations 

Comments on 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 file 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 

temperature is between 45 and 60 degrees F. 

• The baseline for the heat exchanger is the pre-retrofit chiller plant. 

• 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. 

Impact Results 

KW KWh Therm 
MDSS 0 230,772.28 0 

0 305,851.43 0 Adjusted 
Engineering 
Engineering 

Realization Rate 
N / A  1.33 N / A  



Site 2771: Results 

Total Impacts 
MDSS 
QC 

Realization Rate 

Other Season Impacts 
MDSS 
QC 

Realization Rate 

Summer Impacts 
MDSS 
QC 

Realization Rate 

Energy 
230,772 
305,851 

1.33 

Energy 
230,772 
210,670 

0.91 

Energy 
230,772 
95,181 
0.41 

Demand 
0 
0 

Demand 
0 
0 

Demand 
0 
0 



Site 2771 : Other Season Results 

Impacts Energy 
MDSS 230,772 

QC 210,670 
Realization Rate 0.91 

Baseline Chiller x l  
Nom. Eft I 0.880 

Nora. Tons I 285 
nom kw 250.800 

Demand 
0 
0 

Outdoor DB Operating 
Temperature(F) Hours per Tons Output 

year(TMY) 

97 0.00 285 
92 0.00 285 
87 15.00 142.5 
82 29.00 0 
77 71.00 0 
72 172.00 285 
67 368.00 142.5 
62 711.00 114 
57 956.00 85.5 
52 592.00 57 
47 250.00 28.5 

Totals 3,164.00 

Efficiency 
(kW/Ton) 

0.81 
0.81 
0.85 
0.00 
0.00 
0.81 
0.86 
0.91 
1.01 
1.22 
1.91 

Annual Energy 
Use (kWh/year) 

0.00 
0.00 

1,821.03 
0.00 
0.00 

39,829.58 
44,918.03 
73,606.94 
82,262.67 
41,225.43 
13,575.10 

Peak Demand 
(kW) 

229.81 
230.21 
121.40 
0.00 
0.00 

231.57 
122.06 
103.53 
86.05 
69.64 
54.30 

297,238.78 231.57 

Baseline Chiller ~'2 
Nora. Eft J 0.730 

Nora. Tons J 511 
nom kw 373.030 

Outdoor DB Operating 
Hours per Tons Output 

Temperature (F) 
year(TMY) 

97 0.00 511 
92 0.00 511 
87 15.00 511 
82 29.00 383.25 
77 71.00 255.5 
72 172.00 127.75 
67 368.00 0 

62 711.00 0 
57 956.00 0 
52 592.00 0 
47 250.00 0 

Totals 3,164.00 

Efficiency 
(kW/'ron) 

0.67 
0.67 
0.67 
0.67 
0.71 
0.90 
0.00 
0.00 
0.00 
0.00 
0.00 

Annual Energy 
Use (kWh/year) 

0.00 
0.00 

5,144.59 
7,454.69 

12,857.97 
19,807.78 

0.00 
0.00 
0.00 
0.00 
0.00 

Peak Demand 
(kw) 

341.81 
342.41 
342.97 
257.06 
181.10 
115.16 
0.00 
0.00 
0.00 
0.00 
0.00 

45,265.02 342.97 

Post-Retrofit Chiller ~I 
Nom. Eft 0.88 

Nom. Tons 285 
nom kw 250.8 

Outdoor DB 
Temperature IF) 

Operating 
Hours per Tons Output 

year (TMY) 

97 0.00 
92 0.00 
87 15.00 

82  29.00 
77 71.00 
72 172.00 
67 368.00 
62 711.00 
57 956.00 
52 592.00 
47 250.00 

Totals 3,164.00 

Post-Retrofit Chiller #2 
Nora. Eff . 0.73 

Nom. Tons 511 
nom kw 373.03 

Annual 
Efficiency Energy Use Peak Demand 
(kW/Ton) (kWh/year), (kW) 

(TMY) 
0.00 229.81 
0.00 230.21 

1,821.03 121.40 
0.00 0.00 
0.00 0.00 

39,829.58 231.57 
44,918.03 122.06 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

86,568.64 231.57 

285 0.81 
285 0.81 

142.5 0.85 
0 0.00 
0 0.00 

285 0.81 
142.5 0.86 

0 0.00 
0 0.00 
0 0.00 
0 0.00 

Operating 
Hours per year 

(Actual) 

0.00 

0.00 

6.00 
45.00 
42.00 

52.00 

202.00 

452.00 
677.00 

490.00 

225.00 

Annual Energy 
Use 

(kWh/year), 
(Actual) 

0.00 
0.00 

728.41 
0.00 
0.00 

12,041.50 
24,656.09 

0.00 
0.00 
0.00 
0.00 

2,191.00 37,426.01 

Outdoor DB 
Temperature (F) 

97 
92 
87 
82 
77 
72 
67 
62 ' 
57 
52 
47 

Totals 

Operating 
Hours per Tons Output 

year (TMY) 

0.00 
0.00 
15.00 

29.00 
71.00 
172.00 
368.00 
711.00 
956.00 
592.00 
250.00 

3,164.00 

Annual 
Efficiency Energy Use Peak Demand 
(kW/'ron) (kWh/year), (kW) 

(TMY) 
0.00 341.81 
0.00 342.41 

5,144.59 342.97 
7,454.69 257.06 
12,857.97 181.]0 
19,807.78 115.16 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

45,265.02 342.97 

511 0.67 
511 0.67 
511 0.67 

383.25 0.67 
255.5 0.71 
127.75 0.90 

0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 

Operating 
Hours per year 

(Actual) 

0.00 
0.00 
6.00 

45.00 
42.00 
52.00 

202.00 
452.00 
677.00 
490.00 
225.00 

Annual Energy 
Use 

(kWh/year), 
(Actual) 

0.00 
0.00 

2,057.84 
11,567.62 
7,606.12 
5,988.40 

0.00 
0.00 
0.00 
0.00 
0.00 

2,191.00 27,219.97 



Site 2771: Summer Results 

Impacts Energy Demand 
MDSS 230,772 0 

QC 95,181 0 
Realization Rate 0.41 

Baseline Chiller #1 
Nora. Eff 0.880 

Nom. Tons 285 
nom kw 250.800 

Outdoor DB Operating 
Temperature(F) Hours per 

year(TMY) 

97 0.00 
92 1.00 
87 13.00 

82 29.00 

77 104.00 

72 225.00 

67 322.00 

62 259.00 
57 131.00 
52 20.00 
47 0.00 

Totals ! 1,104.00 

Baseline Chiller#2 
Nom. Eff 0.730 

Nom. Tons 511 
nom kw 373.030 

Outdoor DB Operating 
Temperature(F) Hours per 

year (TMY) 

97 0.00 
92 1.00 
87 13.00 
82 29.00 

77 104.00 

72 225.00 
67 322.00 

62 259.00 

57 131.00 
52 20.00 
47 i 0.00 

Totals 1,I04.00 

Tons Output 

285 

285 

142.5 

0 

0 

0 

0 

0 
0 

0 

0 

Efficiency 
(kWFron) 

0.81 
0.81 
0.85 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Annual Energy 
Use (kWh/year) 

0.00 

230.21 

1,578.23 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

Peak Demand 
(kW) 

229.81 
230.21 
121.40 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1,808.44 230.21 

Tons Output 

511 
.511 
511 
511 

409 
357.7 
306.6 

255.5 
204.4 
153.3 
102.2 

Efficiency 
(kW/Ton} 

0.67 
0.67 
0.67 
0.67 
0.67 
0.68 
0.69 
0.71 
0.75 
0.84 
1.01 

Annual Energy 
Use (kWh/year) 

0.00 
342.41 

4,458.65 
9,961.35 

28,486.95 
54,371.11 
67,916.27 
47,070.98 
20,190.74 
2,561.88 

0.00 

Peak Demand 
(kW) 

341.81 
342.41 
342.97 
343.49 

273.91 
241.65 
210.92 
181.74 
154.13 
128.09 
103.65 

235,360.34 343.49 

Post-Retrofit Chiller Ul 
Nora. Eft 0.88 

Nora. Tons 285 
nom kw 250.8 

Outdoor DB 
Temperature (F) 

97 

92 

87 

82 

77 

72 

67 

62 
57 

52 

47 

Operating 
Hours per 

year (TMY) 

0.00 
1.00 

13.00 
29.00 
104.00 
225.00 
322.00 
259.00 
131.00 
20.00 

0.00 
Totals 1,104.00 

Post-Retrofit Chiller #2 
Nom. Eft 0.73 

Nora. Tons 511 
nom kw 373.03 

Tons Output 

285 
285 

142.5 
0 
0 
0 
0 
0 
0 
0 
0 

Outdoor DB 
Temperature (F) 

97 
92 
87 
82 
77 
72 
67 
62 

57 
52 
47 

Operating 
Hours per 

year (TMY) 

0.00 
1.00 

13.00 
29.00 
104.00 
225.00 
322.00 
259.00 
131.00 
20.00 
0.00 

Totals 1,104.00 

Tons Output 

511 
511 
511 
511 
409 

306.6 
204.4 

0 
0 
0 
0 

Efficiency 
(kWGon) 

0.81 
0.81 
0.85 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Efficiency 
(kW[Ton) 

0.67 
0.67 
0.67 
0.67 

0.67 
0.69 
0.75 
0.00 
0.00 
0.00 
0.00 

Annual 
Energy Use 
(kWh/year), 

(TMY) 
0.00 

230.21 
1,578.23 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1,808.44 

Annual 
Energy Use 
(kWh~ear), 

(TMY) 
0.00 

342.41 
4,458.65 
9,961.35 

28,486.95 
47,400.99 
49,528.70 

0.00 
0.00 
0.00 
0.00 

140,179.05 

Peak Demand 
(kW) 

229.81 
230.21 
121.40 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

230.21 

Operating 
Hours per year 

(Actual) 

0.00 
1.00 

12.00 
20.00 
55.00 
125.00 
212.00 
257.00 
98.00 
0.00 
0.00 

780.00 

Annual Energy 
Use 

(kWh/year}, 
(Actual) 

0.00 
230.21 

1,456.82 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1,687.04 

Peak Demand 
(kW) 

341.81 
342.41 
342.97 
343.49 
273.91 
210.67 
153.82 
0.00 
0.00 
0.00 
0.00 

343.49 

Operating 
Hours per year 

(Actual) 

0.00 
1.00 

12.00 
20.00 

55.00 
125.00 
212.00 
257.00 
98.00 
0.00 
0.00 

780.00 

Annual Energy 
Use 

(kWh/year), 
(Actual) 
0100 

342.41 

4,115,67 
6,869.90 

15,065.21 
26,333.88 
32,608.96 

0.00 
0.00 
0.00 

0.00 
85,336.04 



Site 2771: Inputs to Model 

Parameter 

Chiller #I Nominal Capacity 
Chiller #I Nominal Efficiency 

Post-Retrofit Chiller #I Starlup OSA Temperature 
Post-Retrofit Chiller #I Max Load OSA Temperature 

Post-Retrofit Chiller #I Chilled Water Supply Temperature Setpoint 
Post-Retrofit Chiller #I Chilled Water Supply Temperature Setpoint 

Post-Retrofit Chiller ,I'I Condenser Water Temperature Setpoint 

Pre-Retrofit Chiller #2 Nominal Capacity 
Pre-Retrofit Chiller #2 Nominal Efficiency 

Post-Retrofit Chiller #2 Startup OSA Temperature 
Post-Retrofit Chiller #2 Max Load OSA Temperature 

Post-Retrofit Chiller #2 Chilled Water Supply Temperature Setpoint 
Post-Retrofit Chiller #2 Condenser Water Temperature Setpoint 

Chiller AM Lockout 
Chiller PM Lockout 

Post-Retrofit Chiller #I Run Hours 
Post-Retrofit Chiller #2 Run Hours 

Total Post-Retrofit Chiller Run Hours 
Date of Heat Exchanger Installation 

Value Reported I Units of Parameter Notes 

285 Tons Application 
0.88 kW/ton Application 
60 F Contact provided estimate 
73 F Contact provided estimate 
60 F When OSA = 60 
42 F When OSA = 80 
85 F Contact provided setpoints 

511 Tons Application 
0.73 kWlton Application 
73 F Contact provided estimate 
87 F Contact provided estimate 
42 F Contact provided setpoints 
85 F Contact provided setpoints 

6:00 AM 24 hours per day, 7 days per week 
6:00 PM 24 hours per day, 7 days per week 

hours Documented from Chiller Log 
hours Documented from Chiller Log 

0 hours = Chiller #2 Run Hours + Chiller #3 Run Hours 
11/I/97 Best guess from contact (Oct or Nov '97) 

Date at Run Hour Reading 8116199 
Number of Days Chillers Operated 654 days = ((Read Date - Install Date) * 5•7) - 10 Holidays 

Average Hours per Year of Operation for Chiller #I 936.00 Hours/Year = (Run Hours for New Chiller I Number of Days Chiller Operated) * 365 Days/Year 
2436.00 hours Chiller 13 Run Hours Since Install Using Actual Weather & Setpoints 

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 
Based on setpoints and actual weather data; See Weather Data Spreadsheet for Details 



Site 2771: Post-Retrofit Chiller ,~I, Other Months 

Centrifugal Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 

Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

Nora. Eff 
Nora. Tons 
nom kw 

a b c d e f 
i -0.29861976 0.02996076 ~.0008012S i 0.01736268 i "0"000326061 0,00063139 ] 

i 0.t7,,9273 0.s882020~ 0 . 2 ~ s ~  i -~ -  -I -I 
~ - -  __ J 
i..........2.'~.!.~.~.~!.9~I........~.:~°°~.631 ........... °:.°??.°~.°~81 .............. ~..~.~!~.! ............. ~.'2~!9.°J.......'?.'0~.'_.~6.~ 

0.88 

285 

250.8 

Current Data Calculated Values Efficiency 

Part Load Ambient 
Outdoor D8 Condenser Current Part Load 

Adjustment Adjustment EIR COP kWlTon 
Temperature Tons Output Temp Supply 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 4.13 0.8,52 

82 0 82 46 284 0.000 0.17 0.92 nDIV/0! #DIV/0! #DIV/OI 
77 0 81 45 284 0.000 0.17 0.92 #DIV/0! ,t DIV/0! #DIV/O! 
72 285 80 44 283 1.000 1.00 0.93 0.2311 4.33 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/0! #DIV/0! ~DIV/0! 
57 0 77 41 279 0.000 0.17 0.93 # DIV/0[ ~r DIV/0! # DIV/0! 

52 0 76 40 277 0.000 0.17 0.93 #DIV/0[ #DIV/0i #DIV/0! 
47 0 75 39 275 0.000 0.17 0.93 #DIV/0[ #DIV/0! eDIV/0! 

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) 

~ ^ p .  'l ~u~... I , I m ! m l  ~ ,  , I I -  ~,r : I ,,r ] 1  
I i ,.0.2986 9 6 0.02996076 -0.00080125 0.0 736268] -0.00032606[ 0.00063139 

L!'-R~ ............................. ~i...._....i ............................ i ........ ~.:_L'.!_~.!_~..61......._:~.°.°.~?_~L..._....~:~.~.!.~.~.81 ......... ~:°°'~.9879~!... ".°'°~0°?~?° ........ ~.:~.~.!.~.~.~I 
IE'~FPLR j O.~,~92~ I 0.S8820208 0 . 2 3 ~ 2 ~ f _  "i I 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: ASH RA~IE5 Standard 90.1-1989 User's Manual - November 1992. 



Site 2771: Post-Retrofit Chiller ,~2, Other Months 

Centrifugal Chiller (Water-Source) a 
Capacity Correction (Tout, Tin) i 

Part Load Efficiency (PLR) .. 

Temp Efficiency (Tout, Tin) 

b c d e f 
-0.29861976 I 0.02996076 

0.17149273 i 0.SB820208J 

Posl-Retrofit Chiller # 2  

N o , .  Eft 0.73 

N o , .  Tons Sl 1 

nom kw 373.03 

-0.00080125 

0.237372S~ 

b:d66o~6~i 

0.01736268 [ "0.000326061 0.00063139 j 
, .! -) 

Current Data Calculated Values 

Part Load Ambient 
Efficiency 

Outdoor DB Condenser Current Part Load 
Tons Output Supply temp Adjustment Adjustment £1R COP kW/Ton 

Temperature Temp Capacity Ratio 
to EIR to EIR 

97 511 85 49 509 1.000 1.00 0.92 0,I 902 5.26 0.669 

92 511 84 48 509 1.000 1.00 0.92 0.I 906 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 O. 1908 5.24 0.671 

77 256 81 45 509 0.S00 0.52 0.92 0.20'16 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 0.17 0.93 ~ DlV/01 #DIVI0! XDIV/0! 

62 0 78 42 503 0.000 0.17 0.93 I DIV/01 # DIV/01 I DIV/0] 

57 0 77 41 501 0.000 0.17 0.93 #DIVI0! #DIV/01 #DIVI0! 

52 0 76 40 497 0.000 0.17 0.93 #DIV/01 ~DIV/0! ,~DIV/0! 

47 0 75 39 494 0.000 0.17 0.93 #DIM/01 #DIV/01 nDIV/01 

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

Chiller Plant Coefficients -- Electric Water-Cooled Chillers (source Mark H y d e ,  an October 2, 1997 Proposed Changes to the ACM Manual -- Central Plant Cooling Equipment) 

PFT -0 2 9 8 6 1 9 7 6 /  0029960761  -0 000801251 0 0 1 7 3 6 2 6 8 1  -0.000326061 000063139 
r ............................................................................. I . . . . . . . . .  Z ............................ ~ ..................... ;. ............................... ' ................................... ] ......... Z . . . . . .  , 0,,77,,96t 000,00,6,I 0 0 04 000008 90 0000,,,6 1 

T 0,7,,9273J 0.,0820 081 02,,3725, I I "J J 

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-FI = 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) 
CapaciLy Correction (-rout, Tin) 
Part Load Efficiency (PLR) 

Temp Efficiency (Tout, Tin) 

b c d e f 
-0.29861976 I 0.02996076 -0.0008012S I 0.01736268 T -0.00032606 0.00063139 

0.171492731 0.5882020, 0.23737257! "[ "[ " 

i.._.' .... ft.: S.. tl~ .~ 7...).961. L .......:(~.:0..04. 003.6.! ....... 0"000.0~20.'2 Bi ......... (~:.~ 0.t ~. 8.79.'3J ..........(~ :00008 !.90[............~Q:.0001. S_.4.~_7 

Nom. Elf 0.88 

Nom. Tons 285 

nom kw 250.8 

Current Data Calculated Values 

Part L o a d  Ambient 

Efficiency 

Outdoor DB Condenser Current Part Load 
Adjustment Adjustment EIR COP kW[l'o n 

Temperature Tons Output Temp Supply 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 1 42.5 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 #DIV/0! #DIV/0! #DIV/0! 

77 0 81 45 284 0.000 0.17 0 . 9 2  # D I V I 0 ~  #DIV/OI  #DIV/O! 

72 285 80 44 283 1.000 1.00 0.93 0.2311 4.33 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 S7 76 40 277 0.200 0.30 0.93 0.3475 2.88 1:222 

47 29 75 39 275 0.100 0.23 0.93 0.5419 1.85 1.905 

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) 

I '  ';o::, 
[CAPFT -0.29861976 0.02996076 -0.00080125 i 0.01736268 -0.00032606 0.00063139 

i EIRFT " 0.51777196 / -0.00400363 0.00002028 0.006987931 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: ASH RAEIIES Standard 90.1-I 989 User's Manual - November 1992. 



Site 2771: Baseline Chiller #2, Other Months 

Centrifugal Chiller (Water-Source) a 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) , 

! 

b c d e 
0.29861976 i 0.02996076 ] -0.00080125 0.01736268 

• - ° : ! ~ ! ~ ? ~ i  .? :~8~??-78i  .......... ~:~-~Z~.~]~-! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.517771961 -0.004003631 0.0000202[ 0.0069879.~ 

Nom. Eft 0.73 
Nom. Tons 511 

nom kw 373.03 

-0.00032606 0.00063139 I 

Outdoor DB 
Temperature 

Current Data 

Condenser 
Tons Output Supply temp 

Temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment 
Capacity Ratio to EIR to EIR 

Efficiency 

EIR COP kW/Ton 

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 0.901 
67 0 79 43 506 0.000 0.17 0.93 nDIV/01 /~DIV/0! aDIV/0! 

62 0 78 42 503 0.000 0.17 0.93 #DIV/01 #DIV/0! #DIV/0! 

57 0 77 41 501 0.000 0.17 0.93 #DIV/01 nDIV/01 #DIV/01 

52 0 76 40 497 0.000 0.17 0.93 ~DIV/0I #DIV/01 #DIV/0! 
47 0 75 39 494 0.000 0.17 0.93 ltDIV/0] #DIV/0! #DIV/0I 

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) 

-0.000801251 0.017362681 -0.000326061 0.00063139 i iCAPFT • -0.29861976 0.02996076' 81 0~00'69~87931 ............. ~I ' !  
........................................................................................... !IE RFT !'i .................................................................... 0.51777 96 -0.00400363 b2~6~"62- .......... 6766~'8~ ....... .-6Tdb6Ts~i6 

F ~ ' ~ F ~  i 0.1~1~9~73 o.s~o~o~ 0.~373,2s~ I 1 ! 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 waler supply temperature (CHWS, or Tout) and condenser water (CWS, or Tin) temperatures. 

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



Centrifugal Chiller (Waler-Source) 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

N o , .  Eft 0.88 
N o , .  Tons 285 
nom kw 250.8 

b c d e f 
-0.29861976 0,02996076 -0.00080125 0.01736268 I -0.00032606! 0.000631.39 I 
0-Z~7;- -~9273'  0 .s88~0~08  0 .237~72s~  • - - - ~  [ 

06,777,%  .0.006 6, t 0060026] ..... °.+++++t ............ 

Current Data Calculated Values 

Part Load Ambient 

Site 2771: Post-Retrofit Chiller #I, Summer Months 

Efficiency 

Outdoor DB Condenser Current Part Load 
Adjustment Adjustment EIR COP Temperature Tons Output Temp Supply 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 4.13 0.852 
82 0 82 46 284 0.000 0.17 0.92 ~DIV/0I tDIV/01 ,~DIV/01 

• 77 0 81 45 284 0.000 0.17 0.92 ~t DIV/01 # DIV/01 #DIV/01 

72 0 80 44 283 0.000 0.17 0.93 ~DIV/0] #DIV/0! ~DIV/01 
67 0 79 43 282 0.000 0.17 0.93 ~DIV/0I ~DIV/0! ~'DIV/01 
62 0 78 42 281 0.000 0.17 0.93 #DIV/0I #DIV/0[ #DIV/0! 
57 0 77 41 279 0.000 0.17 0.93 aDIV/0[ #DIV/0! #DIV/0t 
52 0 76 40 277 0.000 0.17 0.93 eDIV/O! eDIV/0! ~'DIV/0I 
47 0 75 39 275 0.000 0.17 0.93 eDIV/01 nDIV/01 l~DIV/01 

kW/Ton 

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

Chiller Plant Coefficients. -- Electric Water-Cooled Chillers (source Mark Hyde,an October 2, 1997 Proposed Changes to the ACM Manual - Central Plant Cooling Equipment) 

' t ° . ' " + ' l  0+2°2°+ 1 i -i 
CAP-FT = A + (8 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 ,1'2, Summer Months 

Centrifugal Chiller (Water-Source) 

Capacity Correction (Tout, Tin) 

Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

a b c d e 

i . . . . .  ~ 7 ~ - 4 - ~ T - - - 0 ~ - 2 - 0 ~ g l - - q ~ - ~  I . . . .  :i - - - - - - :  - - - - i  
i o.~,m,9+! .o.oo,oo3+31 o.oooo2o2~j, ooo6~,,~3i o.oooo~2~o .o.ooo,s,+,i 

Nora. Elf 0.73 
Nom. Tons 511 

nom kw 373.03 

Outdoor DB 
Temperature 

Current Data Calculated Values 

Part Load  Ambient 
Condenser Current Part Load 

Adjustment Adjustment 
Tons Output Temp Supply temp Capacity Ratio to EIR to EIR 

Efficiency 

EIR COP kW/Ton 

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 SlO 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 S.12 0.687 

67 204.4 79 43 506 0.400 0.44 0.93 0.2140 4.67 0.753 
62 0 78 42 503 0.000 0.17 0.93 ~ DIV/O! #DIV/O!  #DIV/O! 

57 0 77 41 501 0.000 0.17 0.93 #DIV/0! #DIV/0t ~DIV/0! 

52 0 76 40 497 0.000 0.17 0.93 #DIV/0! ~DIV/0! ~DIV/0! 

47 0 75 39 494 0.000 0.17 0.93 #DIV/0! #DIV/0! #DIV/0! 

EIR = EIRratecl 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) 

l ~ - ' ~ I m ~ l  I [ + : ~ I ~  m!Wl 
o, PF+ 1 -o.298ot9,6i o.o2996o,61 .o.ooo,o,2s o.oi,3626+ I -o.ooo326ot o.ooo63 3~ i 
[(RFT ) ONS ] 777)~ I "0004003631 0'0000202" OmO0~87~. O'OOO0~2 ~( "010001 S467! 

E NRF Pm Lm ~ .................................................... )mmmmm mm m m O:m Im m 7m)m m~ 9~m 7m m~ ~m mm m mlmm ~ 5~88~ mOB) .......... 0 ~ ~ m~m ~ 7m m25 m~ ................................................................................................................ :~ 

CAP-FT = A + (B x CHWS) + (C x CHWS × 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-I 989 User's Manual - November 1992. 



Site 2771: Baseline Chiller #1, Summer Months 
Centrifugal Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

a b c d e f 

" ~ . ' i ~ 7 3 [  ~ " 5 5 5 7 5 ~ g 7  - - 

000"008290 -0 O001546~ 

Nom. Eft 0.88 
Nom. Tons 285 
nom kw 250.8 

Current Data Calculated Values 

Part Load Ambient 
Efficiency 

Outdoor DB Condenser Current Part Load 
Temperature [ Tons Output Temp Supply letup Capacity Ratio Adjustmentto EIR Adjustmentto EIR EIR COP kW/Ton 

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 4.13 0.852 
82 0 82 46 284 0.000 0.17 0.92 IDIV/0! #DIV/0[ #DIV/0! 
77 0 81 45 284 0.000 0.17 0.92 IDIV/0[ #DIV/0[ ~DIV/0! 

72 0 80 44 283 0.000 0.17 0.93 .IDIV/0! #DIV/0! iDIV/0! 

67 0 79 43 282 0.000 0.17 0.93 #DIW0[ #DIV/0! ~DIV/0[ 
62 0 78 42 281 0.000 0.17 0.93 #DIV/0! # DIV/0[ IDLY/0! 
57 0 77 41 279 0.000 0.17 0.93 #DIV/0I #DIV/0! #DIV/0! 
52 0 76 40 277 0.000 0.17 0.93 #DIV/0! #DIV/0[ #DIV/0! 
47 0 75 39 275 0.000 0.17 0.93 #DIV/0[ #DIV/0! #DIV/0[ 

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) 

I - - - ~ , . -  " - - - - - o  , I I ]1 ~ . . . .  ' 1  
~CAPFT -0.29861976 0.02996076] ..0.00080125 0.01736268 -0.00032606 0.00063139 I 
IEIRFT 0.517771961-0.00400363[ 0.000020281 0.00698793[ 0.00008290 '-0.000154671 

I ....................................................................................... . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  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: ASHRAEIIES Standard 90.1 -I 989 User's Manual - November 1992. 



Site 277 I: Baseline Chiller ~2, Summer Months 
Centrifugal Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 

Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

a b c d e f 
o ~ , ~ , 6  i o o ~ 6 o , ~  o o o o ~ o ~  I o o , , ~ ]  o o o o ~ o ~ i  o o o o o 3 ~  

- -  0.171492 ~3j " ' - - - 0 ~ ' ~  0.23737257J . . . . . . .  "l . . . .  'T . . . . .  -i 

~i..i..~.:~..~.~..~i...........0:~-0~0.~-63 ] ..... ..... 0~0~.o~.81 ........... ~o~069.8~9.~ji...0~o0o829o I......~.:~.0~.~.6, I 

Nora. Eff 0.73 
Nom. Tons 511 
nom kw 373.03 

Current Data Calculated Values 

Pan Load Ambient 

Efficiency 

Outdoor DB Condenser Current Pan Load 
Temperature Tons Output Temp Supplytemp CapaciW Ratio Adjustment Adjustment EIR COP 

to EIR to EIR 
I 

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 
72 357.7 80 44 508 0.700 0.70 0.93 0.1921 5.20 0.676 
67 306.6 79 43 506 0.600 0.61 0.93 0.1957 5.11 0.688 
62 255.5 78 42 503 0.500 0.52 0.93 0.2023 4.94 0.711 
57 204.4 77 41 501 0.400 0.44 0.93 0.2145 4.66 0.754 

52 153.3 76 40 497 0.300 0.37 0.93 0.2377 4.21 0.836 
47 102.2 75 39 494 0.200 0.30 0.93 0.2885 3.47 1.014 

kW.rl'on 

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) 

' ,~,!,~ ...... -i" °2986'9'°i o.o2996o,6' .o.oo8~o,2,[ o.o,,3~2o~I _o.,o,~oooi r 0:ooo6~1~ i 
;,E,RFT ........................................................ [ ............. a :~ '~g7~~  - :a :b~~aa~a~  ........... 6 : a 6 ~ ~ [  .......... a .0~~8g9~ I .......... ~6666~~!:616663~? 

j I I -  -! -J 
CAP-FT = A + (B x CHWS) + (C x CHW5 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 + (8 x CHWS) + (C x CHWS x CHWS) * (D x CWS) + (E x CWS x CWS) + (F x CHW5 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 Months Weather Data 
TMY temperature data 
remp 

On Hours for Heat Exchang( | •  i m m m i i m m ~ l ~ l m ~  

On Hou~ for Chiller mniimmmiml 
Note: Total "On Hours" value has been scaled by 517 to account for M-F operation only 

Actual temperature data for climate zone 13 for 1/1198 to 12131198 

Ternp m i mm~.~.~J lUE~ i!~I~L~J I~1~,1 ~IB~.~ I L ~ J  Ils~L~l I I ~ . H I ~  
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U U U U U U  nn~nmnnmnm~m~i; 'mnu~mm~mn~mm~nn~ mmmmnmmmmmmmnnn 

uuu nmumummuuBmHmnjuuuu 
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Site 2771 : Summer Monlhs Weather Data 
TMY temperature data 

Temp II 0:0011:0012:0013:0014:001 s:oo I 6:0017:001 e:oo 19:00110:00111:00112:00113:oo 114:oo 1 lS:O0110:oo 117:oo I 18:00119:00120:0012':00122:00123:001lOn Hours 
22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

27 o o o o o o o o o o o o o o o o o o o o o o o o 
32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O. 0 0 

47 0 0 0 1 0 1 0 O 0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 
52 19 25 26 34 31 24 18 2 0 0 0 0 0 0 0 0 0 0 0 1 2 5 10 12 20 
57 59 55 57 51 57 61 62 46 16 6 0 0 0 0 0 0 0 1 13 26 36 51 60 64 131 
62 13 11 B 5 3 5 10 40 60 42 21 10 6 3 5 6 14 42 55 53 48 34 19 155 259 

67 1 0 1 1 1 I 2 3 11 37 43 35 21 25 29 32 47 37 20 12 6 2 3 I 322 

72 0 1 0 0 0 0 0 1 4 5 21 29 34 35 32 32 23 9 4 0 0 0 0 0 225 

77 0 0 0 0 0 0 0 0 1 2 5 12 18 19 19 18 7 3 0 0 0 0 0 0 104 
82 0 0 0 0 0 0 0 0 0 0 2 5 8 6 5 3 0 0 0 0 0 0 0 0 29 
87 0 0 0 0 0 0 0 0 0 0 0 1 5 3 2 1 1 0 0 0 0 0 0 0 13 
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 1 
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 

102 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 0 
107 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 

112 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 

Dn Hou~ for Heat Exchanger II I I I I I I 9°i 881 761 481 211 1°1 61 31 sl 61 141 431 I I I I I II 107.80 
3n Hours for Chiller II I I I I I I 21 41 161 441 711 821 861 891 871 86 n 7fl 491 [ I I I I II ~0.71 
Note: Total "On Hours" value has been scaled by Sff to account for M-F operation only 

Actual temperature data for climate zone |3 for 1/1/98 to 12/31/98 

remp II 0:0011:0012:0013:0OI 4:000 S:00I 6:0017:00l 8:0019:00110:00111:00112:00113:~ 114:~ I IS:00116:00117:00118:00119:00120:00121:00122:00123:00}tOn Hou~ 
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Chiller Installation (Site 2773) 

Program 
Measure 
Site Description 

Advance Performance Options Program 
High Efficiency Water-Cooled Chiller 
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 

• 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. 

Impact Results 

KW 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 
Energy Demand Energy Demand 

MDSS 474,025 22 
QC 103,700 180 275,812 175 

Realization Rate 0.22 8.18 0.58 7.93 

Title 24 Baseline Chiller 
Nom. Eft 0.748 

Nom. Tons 550 
nora kw 411.447 

Outdoor D8 Operating 
Temperature (F) Hours per 

year (TMY) 

87 20 
82 41 
77 125 
72 284 
67 493 
62 693 

Totals 1,656 

Tons Output 

55O 
454 
358 
261 
165 
69 

Efficiency 
(kW/l"on) 

0.601 
0.598 
0.598 
0.612 
0.659 
0.988 

Annual Energy 
Use (kWh/year) 

6,612.40 
11,241.61 
26,711.54 
45,358.43 
53,565.08 
47,077.33 

Peak Demand 
(kW) 

330.62 
271.35 
213.69 
159.95 
108.68 
67.95 

Post-Retrofit Chiller 
Nom. Eff 0.341 

Nom. Tons 550 
nomkw 187.55 

Outdoor DB Operating 
Hours per 

Temperature (F) 
year (TMY) 

87 20 

82 41 
77 125 
72 284 
67 493 
62 693 

Totals 1.656 

Tons Output 

550 
454 
358 
261 
165 
69 

Annual 
Efficiency Energy Use Peak Demand 
(kW/Ton) (kWh/year), (kW) 

(TMY) 
0.274 3,014.13 
0.273 5,124.27 
0.272 12,175.93 
0.279 20,675.76 
0.300 24,416.60 
0 .451  21,459.28 

86,865.97 

Operating 
Hours per year 

(Actual) 

Annual Energy 
Use 

(kWh/year), 
(Actual) 

150.71 54.00 8,138.16 
123.69 114.00 14,100.57 
97.41 170.00 16,559.27 
72.91 264.00 t9,248.76 
49.54 542.00 26,851.18 
30.97 954.00 29,547.44 
150.71 2,098.00 114,445.38 

Pre-Retrofit Chiller 
Nom. Eft 0.707 

Nom. Tons 1350 
nom kw 954.45 

Outdoor DB 
Temperalure (F) 

87 
82 
77 
72 
67 
62 

Totals 

Operating 
Hours per Tons Output 

year (TMY) 

20 550 
41 454 
125 358 
284 261 
493 135 
693 135 

1,656 

Annual 
Efficiency Energy Use Peak Demand 
(kW/Ton) (kWh/year), (kW) 

(TMY) 
6,505.39 
13,844.76 
30,583.90 
58,491.92 
80,402.26 
113,029.27 
300,857.51 

0.591 
0.630 
0.684 
0.790 
1.208 
1.208 

Operating 
Hours per year 

(Actual) 

Annual Energy 
Use 

(kWh/year), 
(Actual) 

325.27 54.00 17,564.56 
285.91 114.00 32,593.50 
244.67 170.00 41,594.11 
206.27 264.00 54,454.95 
163.14 542.00 88,419.18 
163.14 954.00 155,630.82 
325.27 2,098.00 390,257.12 190,566.38 330.62 



Site 2773: Inputs to Model 

Parameter I Value Reported I Units of Parameter Notes 
Building Location San Francisco 

Climate Zone 3 

Chiller I : 2 Compressors at 27S-tons Each Application 
Post-Retrofit Chiller Nominal Capacity 550 Tons Application 
Post-Retrofit Chiller Nominal Efficiency 0.341 kWlton From Chiller Rating Sheet 

Post-Retrofit Chiller Startup OSA Temperature 62 F Contact provided estimate 
Post-Retrofit Chilller 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 kWlton Application 

Baseline Chiller Efficiency 0.748 kWllon 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 / Number 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) 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 

Temp Efficiency (Tout, Tin) 

b c d e f 
-0.298619,6 I 0.02996076 -0.00080125 0.01,36268 [ -0.00032606! 0.00063139 1 

....... 6 : s i ~ x ~ m : 5 . - ~ i b 5 : ~ ~  .............. 5:~5~5~~8 ................. ~ : ~ 6 ~ ~ ~ ! ~  ........ ~:~568~~6(-  ' - o . ~ f ~ - @ j  

Nom. Eft 0.341 

Nom. Tons 550 

nora kw 187.55 

Outdoor DB 
Temperature 

Current Data 

Condenser 
Tons Output Temp Supply temp 

Calculated Values 

Part Load Ambient 
Current Pan Load 

Capacity Ratio Adjustment Adjustment 
to EIR to EIR 

Efficiency 

EIR COP kW/Ton 

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-FPE.R / PLR. 

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

, , ~ '  [ "  " ~:,1 I . .  [ . '  q .  i II]1 " I i l  
ICAP T ' [ - o 2 9 8 6 1 9 , 6  ! °029960,, -o.ooo8o.251 o o,, 6261 -o.o0o 26o6[ o.ooo  r s 
l!!"!Z ...................................................................................... [ I -ooo,oo 6: o oooo2o28 o.o00o829oi .oooot ,6  
[EIRFPLR j ~ 5 i - ~ , - i ~  I .......... 61.s4/~8~6:/6~ ............... 6 :~~T~~~I  .......................................... Lj ....................................... :1 ............................... 

CAP-FT = A + (8 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: ASH RAE/IES Standard 90.1-1989 User's Manual - November 1992. 



Site 2773: Baseline Chiller 

Centrifugal Chiller (Water-Source) 

Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 

Temp Efficiency (Tout, Tin) 

a b c d e f 
" -0 .29861976  0.02996076 [ -0.00080125 i 0.01736268 i -0.00032606 I 0.00063139 

0.1714927 0.58820208[ 0.23737257 i .i .[ . .............................. i I 

Nom. Eft 0.74808511 
N o , .  Tons 550 

n o ,  kw 411.446809 

Outdoor DB 

Temperature 

Current Data Calculated Values 

Part Load Ambient 
Condenser Current Part Load 

Adjustment Adjustment 
Tons Output Temp Supply temp Capacity Ratio to EIR to EIR 

Efficiency 

EIR COP kW/Ton 

87 550 75 48 569 1.000 1.00 0.81 0.1710 5.85 0.601 
82 454 75 48 569 0.825 0.82 0.81 0.1701 5.88 0.598 

77 358 74 48 569 0.650 0.65 0.79 0.1700 5.88 0.598 
72 261 72 48 569 0.475 0.50 0.77 0.1741 5.74 0.612 
67 165 67 48 563 0.300 0.37 0.72 0.1873 5..34 0.659 

62 69 62 48 548 0.125 0.25 0.66 0.2811 3.56 0.988 

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

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

:APFT -0129861976 0102996076 -0.000801251 0.017362681 -0.000326061 0.0006313S 

i :IRFT 0.51777196 -0.004003631 0.00002028~ 0.0069879) i 0.000082901 -O.O001 $46J 

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: Pre-Retrofit Chiller 
Centrifugal Chiller (Water-Source) 
Capacity Correction (Tout, Tin) 
Part Load Efficiency (PLR) 
Temp Efficiency (Tout, Tin) 

b c d e f 
-0.2986! 976 0 02996076 i -0.00080 25 0.01736268 -0.00032606 i 0 00063139 

0..51777196 -0.00400363; 0.00002028 0.006987931 0.00008290j -0.00015467 

Nom. Eft 0.707 
Nom. Tons 1350 
nom kw 954.45 

Outdoor DB 
Temperature 

Current Data 

Condenser 
Tons Output Supply temp 

Temp 

Calculated Values 

Part Load Ambient 
Current Part Load 

Adjustment Adjustment 
Capacity Ratio to EIR to EIR 

Efficiency 

EIR COP kW/Ton 

87 550 64 42 1376 0.407 0.45 0.76 0.1682 5.95 0.591 
82 454 64 42 1376 0.336 0.40 0.76 0.1792 5.58 0.630 

77 358 63 42 1373 0.265 0.34 0.75 0.1947 5.14 0.684 
72 261 62 42 1368 0.194 0.29 0.73 0.2246 4.45 0.790 
67 135 62 42 1368 0.100 0.23 0.73 0.3437 2.91 1.208 
62 135 62 42 1368 0.100 0.23 0.73 0.3437 2.91 1.208 

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 ~ 1 ~ 1 ~  ~ ~ 1 ~  ~ 1 ~  ~.000.32606[ 0.000631391 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . . . . . .  / 0.,7,49273 

CAP-FT = A + (B x CHWS) + (C x CHWS x CHWS) + (D x CWS) + (E x CWS x CWS) + (E 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: Weather Data 

TMY temperature data 

Temp II 0~00~1:~0~2:~0~3:0~4:00~5:00~6:0~7:~0~:~0~9:~0~'0:~0~11:~0~12~13:00~4:~0~'5:~0~16~17:00~18:~1~:00~2~:00~2':00~22:00~23:~0~ ° n  Hours 
32 o o 1 4 1 o 1 o o o o o o o o o o o o o o o o o 
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Attachment 2 

Standard HVAC Algorithm Review 



Setback Programmable Thermostats 

Measure 
Description: 

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

Summary of Advice 
Filing Calculations: 

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. 

Comments on 
Advice Filing 
Calculations: 

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. 

Comments on 
Advice Filing 
Inputs: 

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. 

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. 

Quantum Consulting Inc. Attachment 2-1 Standard HVAC Measure Analysis 



RE Setbadx Theffn.xls 

Setback Programmable Thermestat: 

1) Installs setback programmable thermestats In spaces wi th regular occupied and unoccupied podeds. 

2) Assumpt ions used in Advice Fil ing: 

Office heurs= 07:00-18:00 M-F 
Occupied Hours = 11 hr/day x 5 day/week x 52 14 weekJyr 

: 2,858 
= Listed as 2.870 hr/year 

AC size = 10 tons (120.000 Btu) 
AC Effictancy = 1.3 kWlton with OUt fans 

EER = 9,23 6tu/Watt (calculated in spreadsheet "Window Film AF") 
Area serviced/ton = 500 sqft/tan 

Heating size = 250 kBtu/hr 
Heating efficiency = 70% 

Area served = 50 Btu/hr-sqft 
Total cfm = 5.000 

Fan hp = 3 
Outside Supply Air = 20% 

Location = San Jose, ASHRAE bin weather data 

• A bin analysis method Is used, where: 
OSA = outside air tamp (F) 

Bin = hour5 per year that tamp is in a given range (hr/yr) 
% OSA = percent outside air (fixed at 20%) 
Rat Air = return air tamp (F) 
Mix Air = mixed air temperature 

= (% OSA x OSA) + ((1 - % OSA) x Rat Air] 
67 F = tamp at which system switches from cooling to heating 
SAT = supply air tamp (F) 

SAT (cooling) = 87 F + ~87 F - OSA)/5] x 2) 
SAT (heating) = 67 F ÷ ~ti7 F - OSA)I5] x 3) 

Heating Loads (kBtu/yr) = [,SAT - Mix Air (F)] x Bin (hr/yr) x (1.085 Btu/hr-F-CFM) x Air Flow (CFM) 
Cooling Leads (kStu/yr) = [Mix Air - SAT (F)] x Bin (hr/yr) x (1•085 Btu/hr-F-CFM) x Air Flow (CFM) 

Sample HeaUn~l and Ceelln~l Load Calcutatiens fer San Jose 
Outside Air Toter Bin 

(F I (hr.~r) 
92 6 
87 24 
82 84 
77 207 
72 535 
87 1,077 
62 1,756 
57 1,977 
52 1,545 
47 935 
42 451 
37 138 
32 24 
27 1 

Total 8,78C 
Recreated from Adv~c.e Filing p,AC-32 

% OSA 

20% 
20% 
20% 
20% 
20% 
20% 
20% 
20% 
20% 
2O% 
20% 
20% 
2O% 
20% 

Return Air Mixed Air 
(F} (F) 
74 77,6 
74 76.6 
74 75.8 
74 74.6 
74 73.6 
74 72,6 
74 71,6 
74 70.5 
74 69.6 
74 68.6 
74 67.6 
74 66.6 
74 85.6 
74 64,6 

Supply Air Cooting 
(F) (kStu/yr) 
57 671 
59 2,292 
61 6,653 
83 13,027 
85 24,960 
67 32,719 
70 15.242 
73 0 
79 0 
79 0 
82 0 
85 0 
88 0 
91 0 

Total 95,564 
(Thermostat Set-back) 

Baseline Energy UsaQe: 

Heating 
(kBtu/yr) 

0 
0 
C 
0 
C 
C 
C 

25,741 
53.64; 
52,75:, 
35.23; 
13.77. = 
2,91E 

143 
184,20.* 

Ceoing = Cooling Loads (kBtu/yr) x (1 ton-hr/12 kBtu) x 1.3 kW/ton 
= 95,56,4 kBtu/yr x (1 ton-hr/12 kBtu) x 1.3 kW/ton 
= 10,353 
= 10,353 kWh/yr for San Jose 

Heating = Heating Loads (kBtu/yr) x (1 thomVl00 kBtu) x llEfficiency 
= 184.203 kBtu/yr x (1 therm/100 kBtu) x 1/70% 
= 2.531 
= 2,831 tharm/yr for San Jose 

Revised Enemy Usa 7:00AM - 6 : 0 0 P M  
Sample Heating and Ceelta~l Load Calculat ions fer San Jose 

Outside Air Total Bin % OSA Return Air Mixed Air 
IFI Ihrlyrl IF~ I F ) 
92 4 20% 74 77,6 
87 18 20% 74 78,8 
82 53 20% 74 75,5 
77 122 20% 74 74,6 
72 293. 20% 74 73.6 
97 51E 20% 74 72.6 
62 60£ 20% 74 71.6 
57 563. 20% 74 70.6 
52 39.= 20% 74 89,8 
47 20C 20% 74 68.8 
42 7~ 20% 74 67,6 
37 1E 20% 74 866  
32 3 20% 74 65.6 
27 (~ 20% 74 64.8 

Total 2.87C 
Recreated from Advice Filing p,AC-32 (Thermostat Set-back) 

Advice Filing lists total bin as 2,879 hours, but calculations 

Supply Air 
(F) 
57 
59 
81 
63 
65 
57 
7O 
73 
76 
79 
82 
85 
88 
91 

Total 

de not support this. 

Cooling 
(kBtu/yr) 

447 
1,528 
4,198 
7.677 

13.670 
15.678 
5,277 

0 
0 
0 
0 
0 
0 
0 

48,473 

Heating 
(kBtu/yr) 

0 
0 
0 
O 
O 
0 
0 

7,330 
13.714 
11.284 
6.093 
1,897 

385 
0 

40T883 

bin analysis Page 1 



RE Setback Therm.xls 

Business Hours Enarg)' USable: 
Cooling = Cooling Loads (kBtu/yr) x (1 ton-hr112 kBtu) x 1.3 kW/ton 

= 48,473 kBtu/yr x (1 ton-hr/12 kBtu) x 1.3 kWIton 
= 5,251 
= 5.251 kWtVyr for Sen Jose 

Heating = Heating Loads (kBtu/yr) x (1 therm/100 kBtu) x llEfficiency 
= 40.893 kBtulyr x (1 (bah'n/100 kBtu) x 1/70% 
= 591 
= 581 thermlyr for San Jose 

Revised Energy Use 7:00PM - 6:00AM 
Sample Heating and Cool ing Load Calculat ions for San Jose 

Outside Air Total Sin % OSA Return Air Mixed Air 
IF) (hW r ) IFI I F ) 
92 2 20% 74 77.6 
87 8 20% 74 76.6 
82 31 20% 74 75.6 
77 85 20% 74 74.6 
72 242 20% 74 73.6 
67 561 20% 74 72,6 
82 1,148 20% 74 71,6 
57 1,414 20% 74 70,8 
52 1.150 20% 74 69,6 
47 735 20% 74 68,8 
42 373 20% 74 67,6 
37 119 20% 74 66.6 
32 21 20% 74 65,9 
27 1 20% 74 64,8 

Total 5,890 

Supply Air 
(FI 

62.0 
84.0 
68.0 
68.0 
73.6 
72.8 
71.6 
70.8 
71.0 
74.0 
77.0 
80.0 
83.0 
86.0 

Total 
Recl"eatad from Advice Filing p.AC-33 (Thermostat Set-back) 

Setback Energy Usage: 

Cooling 
IkBtu/~/r) 

16g 
547 

1,814 
3.043 

0 
0 
0 
0 
0 
0 
0 
0 
G 
C 

5.374 

Heating 
IkBtu/yr) 

0 
0 
0 
0 
0 
0 
0 
0 

8,734 
21,532 
19,021 
8,651 
1,982 

116 
60,036 

Cooling = Cooling Loads (kBtulyr) x (1 ton-hr/12 kBtu) x 1.3 kW/tan 
= 5,374 kBtu/yr x (1 ton-hr/12 kBtu) x 1.3 kWlton 
= 582 
= 582 kWhJyr for San Jose 

Heating = Heating Loads (kBta./yr) x (1 Ihen'n/100 kBtu) x 1/Efficiency 
= 60.036 kBtu/yr x (1 themV100 kBtu) x 1/70% 
= 858 
= 858 ~e rm/~  for San Jose 

Additional wanTt,-upIcookdown loads: 
Cooling = 18 F x ( lhr lday x 3 mo/yr x 22 day/me) x 1.085 Btu/cfn'Pdeg-hr x 5.000 cfm 

= 6.802,950 
= 6.803 kBtu/yr 

Heating = 11 F x ( lhr/day x 3 mo/yr x 22 daylmo) x 1.085 Btu/cfm-deg-hr x 5,000 ctm 
= 3.938,550 
= 3,939 kBtu/yr 

Total Retrofit Energy Use: 
Cooling = 

= 

Adjust to kWh = 
= 
= 
= 
= 

Heating = 
= 

Adjust to Therm = 
= 
= 
= 
= 

48,473 kBtu/yr ÷ 5,373 kBtu/yr +3,939 kBtu/yr 
57.785 
57.785 kBtu/yr x (1 ton/12.000 Btu) x (1.000 Btu/kBtu) 
4,515 
4,815 ton/yr x 1.3 kW/ton 
6,260 
6.280 kWtVyr 

40.883 kBtu/yr + 60.036 kStu/yr + 8,803 kBtu/yr 
107,522 
107.522 kBtu/yr x (t therm/100,000 Btu) x (1,000 Btt.u~,~Btu) 
1.075 
1.075 therm/yr x (1/70%) 
1.536 
1.538 therm/yr 

Energy Savings: 
Cooling = 10,353 kVVIYyr - 6,260 kWh/yr 

= 4,093 
= 4,093 kWh/yr for a 10 ton unit 

Heating = 2,831 therms/yr- 1.536 therms/yr 
= 1.095 
= 1,095 therms/yr for a 250 kBtuh unit 

Acoordlng to Advice Filing p. AC-33 

Accordin~l to Advice Filing p AC-33 

bin analysis Page 2 



RE Setback Thenn.xls 

4) Evaluation Est imates: 
For Baseline and Business Hours energy usage, see advice filing, 

Revised Ener~ly Usa 7:00PM - 6:00AM 

Outside Air 
(El 
92 
87 
82 
77 
72 
07 

Sample Hestln~l and Cool ing Load Calculat ions for  San Jose 
Total Bin % OSA Return Air Mixed Air Supply Air 

(hr/yr) (F) (F) (F) 
2 20% 85 88.4 82.2 
8 20% 55 85.4 84.2 

31 20% 85 84,4 86,2 
85 20% 55 53,4 88,2 

242 20% 55 52,4 90,2 
561 20% 85 81,4 92.2 

62 i 1,148 20% 
57 I 1.414 20% 
52 1,150 20% 
47 : 735 20% 
42 ; 373 20% 
37 119 20% 
32 21 20% 
27 1 20% 

Total 5.990 
RecJ'aatad horn Advice Filing p.AC-33 (Thermostat Set-back) 

Setback Energy Usage: 

85 80.4 
85 79.4 
55 54.4 
55 53.4 
55 52.4 
55 51.4 
55 5O,4 
55 49.4 

Cooling = Cooling Loads (kBtu/yr) x (1 ton-W/12 kBtu) x 1.3 kW/ton 
= 5,374 kBtu/yr x (1 ton-hr/12 kBtu) x 1.3 kWlton 
= 1 1  
= 11 kWWyr 

Heating = HeatJn 9 Loads (kBtu/yr) x (1 ton-hr/100 kBtu) x 1/Efficiency 
= 60,036 kBtu/yr x (1 thorm/100 kBtu) x 1/70% 
= 1,044 
= 1,044 tharmslyr 

Total Retrofit Energy Usa: 
Assume same "ramping" used in the Advice Filing, 

Cooling = 48,473 kBtu/yr + 98 kBtu/yr +3,939 kBtu/yr 
= 52,510 

Adjust to kwh = 52510 kBtu/yr x (1 ton/12,000 Btu) x (1.000 Btu/kBtu) 
= 4,376 
= 4,376 ton/~ x 1,3 kWIton 
= 5,689 
= 5.689 kWh/yr 

Heating = 40,083 kBtu/yr + 73,051 kBtu/yr + 8,903 kBtu/yr 
= 120.537 

Adjust to Therrn = 120,573 kBtu/yr x (1 thermJl00,00O Btu) x (1,000 Btu/kBtu) 
= 1,205 
= 1,205 ~arrn/yr x (1/70%) 
= 1.722 
= 1.722 tharm/yr 

Energy Savings: 
Cooling = 10,353 kWWyr - 5,699 kVVWyr 

= 4.6,64 
= 4,664 kWh/yr for 8 10 ton unit 

Heating = 2,631 therrns/yr - 1.722 therma/yr 
= 909 
= 909 tbeml~yr for a 250 kBtuh unit 

5) Summery of  Results: 

Impact Type Impact Recommended 
(per tO-ton unit} Adv ice FIIIn~l Evaluat ion Source 

NC Demand (kW) 
Coinc, Demand (kW 
Annual Enemy IkVM" 4,093 I 4,664 Evaluation 

94.2 
101.8 
56.8 
59.8 
82.8 
05.8 
68.8 
71.8 

Total 

Climate Zone S I 
Cl imate Zone 

CZ 1 
CZ-2 
CZ-3  
cz-4 
CZ 5 
cz_-e 
CZ_7 
cz_g 
C Z 9  

CZ_10 
C Z 1 1  
CZ_12 
C Z 1 3  
C Z j 4  
C Z 1 5  
CZ 18 

Cooling 
(kBtuhjr) 

48 
52 

0 
0 
0 
0 
0 
0 
0 
0 
0 
O 
0 
0 

98 

~ciflc Impacts: 
kWh/ton 

73.4 
548.9 
253.3 
559.6 
305.9 
597.9 
784.2 
944.2 
942.2 
1059.4 
1043.7 
736.6 
1366.5 
1307.2 
2435.2 
489.2 

Heating 
(kBtu/yr) 

C 
C 
C 

C 
C 
C 

C 
C 

14,97~ 
25,51 c, 
21,04,= 

9,29~ 
2,09E 

12: 
73,05" 

bin analysis Page 3 



RE Setback Therrn.xls 

6} Adjust  Energy Impacts by Condit ioned Area: 

Ad',qce Filing Assumptions: 
Cooling Energy Savings = 4,664 kV~n/yr for a 10 ton unit 

= 466,4 kWhJyr-ton 
Heating Energy Savings = 909 them~s/yr for a 250 kStuh unit 

= 3.638 therms/yr-kBtuh 

AC Sizing = 1 ton/500 sqft According to Advice Filing p. AC-31 

Furnace Sizing = 50 Btuh/sqft According to Advice Filing p. AC-31 

Evaluation Energy Estimate: 
Cooting = (Conditioned Area) x (1 toN500 sqft) x 466,4 kV~,RVyr-ton 

Heating = (Conditioned Area) x (50 Btuh/sqfl) x (3.636 therms/yr-kBtuh) x (1 kBtuNl ,000 Btuh) 

bin analysis Page 4 



Package Terminal AC Units 

Measure 
Description: 

Installation of high efficiency packaged terminal air-conditioners 
and heat-pumps. This measure provides an incentive to install 
PTAC and PTHP units that exceed Title20 standards. 

Summary of Advice 
Filing Calculations: 

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

Comments on 
Advice Filing 
Calculations: 

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. 

Comments on 
Advice Filing 
Inputs: 

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. 

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.xls 

Package Terminal AC 

1) Install high efficiency 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 Kol 2 500 
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. AC-4 

EER = 10.0 - (0.16 x Capacity Btuh) 

3) Advice Filing Estimates: 

Demand SavinQs: 
Measure Demand Savings = kW Title 20 - kW High Efficiency Unit, according to Advice Filing, p. AC-17 

kW = 12 x tonslEER according to Advice Filing, p. AC-17 

Measure Demand Savings 
Tons Title 20 Title 20 Igh Efficlencl High Efficiency 

EER kW EER kW 
0.6 8.9 0.809 9.5 0.758 
0.8 8.6 1.116 9.6 1.000 

1 8.0 1.500 9.1 1.319 
1.3 7.6 2,053 U 9.1 1;714 

Advice Filing p. AC-17 

Demand Savings Demand Saving 
kW kW/ton-EER 

0.051 
O.116 
0.181 
0.338 

0.142 
0.t45 
0.165 
0,174 

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 kW/ton-EER x 0.75 CDF 
= 0.117 
= O. 117 kW/ton-EER Advice Flltn~ lists O. 118, the diff. is due to roundin~l 

Pack. AC AF Page 1 



RE PTAC.xls 

Energy Savings: 
Annual Energy Savings = Measure Demand Savings x EFLCH 

= 0.156 kW/ton-EER x EFLCH 

Coincident Energy Savings 
Annual Energy 

Market Segment Hours/Year Savings 
kWh/ton-EER 

Schools K-12 500 I 78 
Hotel/Motel 700 I 109 
Grocery 600 94 
College 1,200 187 
Warehouse 300 47 
Office 1,000 156 
Hospitals 1,900 296 
Other 1,200 187 
Retail i 800 125 
Restaurant ! 1.300 203 
Process Industry 800 125 
Assemb y ndustr~ 2,100 328 
Advice Filing, p. AC-18 
Values are sli~lhtly different than Advice Filing, due to usin 9 O.156 kW/ton-EER as opposed to 0.157 kW/ton-EER 

4) Evaluation Estimates: 
Demand Savings: 
EER is not linear. 
For this reason, calculating an impact using the unit kW/ton-EER is only valid for a very small range of EER values. 
Demand estimates are developed at e per unit basis. 

Demand Savings = (Capacity, Btuh) x (llEERtitle20 - 1/EERretrofit) x (lkW/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 Efficient ,Demand Saving ~Coincident Demand 
Btuh EER EER kW Savings kW 

0.6 7,200 8.9 9.5 0.051 0.038 
0.8 9,600 8.6 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 kWtton x EFLCH 

Sample Enemy S 

Market Segment 

Schools K-12 
Hotel/Motel 
Grocery 
College 
Warehouse 
Office 
Hospitals 
Other 
Retail 
Restaurant 
Process Industry 
Assembly Industry 

lvlngs Using 0.181 k W ~ o n  

Annual Energy 

Houm/Year I SavingSkwh 

500 91 
7O0 127 
600 109 

1,200 217 
30O 54 

1 , 0 0 0  181 
1,900 344 
1.200 217 
800 145 

1,300 235 
800 145 

2,100 38O 
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Reflective Window Film 

Measure 
Description: 

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

Summary of Advice 
Filing Calculations: 

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. 

Comments on 
Advice Filing 
Calculations: 

Methods used to determine energy and demand impacts are valid. 

Comments on 
Advice Filing 
Inputs: 

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. 

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

Additional Notes: 

Quantum Consulting Inc. Attachment 2-3 Standard HVAC Measure Analysis 



RE Window Film.xls 

Reflective Window Film 

1) Install reflective film 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.27.10,1atitude = 40 degrees 
Radiation data multiplied by 75% to account for variations in shading and clearness. 
Assume 75% fenestration for vortical surfaces. 
Average cooling efficiency = 1.3 kW/ton 
Conversion of kW/ton to EER: 

= 1/[(1.3 kW/ton) x (1 toni12 kBtu)] 
= 9.23 
= 9.23 Btu/W (EER) 

Sample Building 
Height = 30 fl 

Footprint = 100 f l x  100 ft 
Building Sun'ace Area = 30.000 sqfl 

While building surface area is not needed for our analysis, the calculation is wrong. 
Evaluation Building Surface Area = (4 x 100 f tx  30 ft) + 100 f tx  100 ft 

= 22,000 
= 22,000 sqft 

Solar Load, South = 309 kBtu/sqtl-yr 
Solar Load. East-West = 241 kBtu/sqft-yr 

3) Advice Filing EsUmataa: 
Energy Savings: 
Assume 2,250 sqft of glazing per orientation. 

Odentation Area Solar Load Annual Solar Load 
(sqft) (kBtu/sqft-yr) (kBtu/yr) 

South 2,250 309 695,250 
East 2,250 241 542,250 
West 2,250 241 542,250 

Sum 6,760 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 , 6 9 0 , 7 6 3  kBtu/yr) - 800,888 kBtu/yr 
= 889,875 

Adjust to kWh = 889,875 kBtu/yr x ltonl12,000Btu/hr x 1,000 BtulkBtu 
= 74,156 
= 74,156 ton-hr/yr x 1.3 kW/ton 
= 96,403 
= (96,403 kWh/yr)/6,750 sqft 
= 14.28 
= 14.28 kWh/sqft-yr 
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RE Window FIIm,xls 

Demand Savings: 
Advice Filing estimate: 

Average Peak Gain 
Orientation (Btu/hr-sqft) 

East 216 
South 33.3 
West 25 
Total 274.3 

Average 91.43 
Advice Filing. p.AC-36 

Total Average Peak Gain = 
= 

Account for Load Time Delay = 
= 

Adjusted to kW = 
= 
= 

Alternate Calculation: 
274.3 Btu/sqft x 2,250 sqfl Total Average Peak Gain = 91.43 Btu/hr-yr x 6,750 sqft 
617,175 = 617,153 
617,175 Btu x 0.65 mass coefficient 
401,164 
401,164 Btu/hr x 1 ton/12,000 Btu/hr x 1.3 kW/ton 
43.46 
43 kW 
Demand Savings =43 kW/6,750 sqft 

= 0•0064 
= 0.0064 kW/sqfl 

This would assume a 100% reduction in solar gains during the peak hour. 

4) EvaluaUon Estimates: 

Calculate Baseline Solar Gains Using ASHRAE Fundamentals't: 

Month Half Day SHGF 
East 

(Btu/hr-sqfl) 
452 
648 
832 
957 
1024 
1038 
1008 
928 
787 
623 
445 
374 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Haft Day SHGF 
South 

(Btu/hr-sqfl) 
813 
821 
694 
486 
358 
315 
352 
474 
672 
791 
798 
775 

ASHRAE Fundamentalst p.27.23, Table 15 

Haft Day SHGF 
West 

(Btu/hr-sqfl) 
62 
85 
114 
148 
176 
186 
181 
157 
119 
89 
63 
53 

East-West Solar Gain = 321,137 Btu/sqft-yr x .75 shading factor 
= 241 
= 241 kBtu/sqf~-yr 

South Solar Gain = 446,290 Btu/sqft-yr x .75 shading factor 
= 335 
= 335 kBtulsqft-yr 

Daily SHGF Annual SHGF 
East-West East-West 

Btu/sqft-day Btu/sqft-yr 
514 15,934 
733 20,524 
946 29.326 
1105 33,150 
1200 37,200 
1226 36,780 
1189 36,859 
1085 33,635 
906 27,180 
712 22,072 
508 15,240 
427 13,237 

Sum = 321,137 

Dally SHGF Annual SHGF 
South South 

Btu/sqff-day Btu/sqft-yr 
1626 50,406 
1642 45,976 
1388 43,028 
976 29,280 
716, 22,196 
630 18,900 
704 21,824 
948 29,388 
1344 40,320 
1582 49,042 
1596 47,880 

• 1550 48,050 
Sum = 446,290 

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: 
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RE Window Film.xls 

Peak Hour Solar Gains (Btulhr-sqft) 
B:00 AM, 4:00 PM 9:00 AM, 3:00 PM 10:00 AM, 2:00 Ph 

June lave) 90.67 89.67 83.00 
East 216 192 145 

South 29 45 69 
West 27 32 35 

July (eve) 90.67 92.00 87.33 
East 216 193 146 

South 30 52 81 
West 26 3t 35 

Au~lust (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 33.3 59 88.7 
West 25.3 30.3 34 

Coincident Demand Savings = 

ASHRAE Fundamentals1" 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 sqfl of glazing per orientation. 

Orientation Area Solar Load Annual Solar Load 
(sqff) (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 
Advice Filing table, p.AC-35 

Baseline Solar Gain = 0.95 SC x 1,838,250 kBtu/yr 
= 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 
= 76,594 
= 76,594 ton-hr/yr x 1.3 kW/ton 
= 99,572 
= (977,527 kWh/yr)/6,750 sqtl 
= 14.74 
= 14.74 kWh/sqft-yr 

Demand Savings: 
Baseline Peak Gain = (216 Btu/sqft + 33.3 Btu/sqft +25.3 Btu/sqf~) x 2,250 sqfl 

= 617,850 
= 617,860 Btu x 0.96 SC 
= 586,958 

Adjust for Load Time Delay = 586,958 Btu x 0.65 mass coefficient factor 
= 381,522 
= 381,522 Btu 

Ratrofd Peak Gain = 617,850 Btu x 0.45 SC 
= 278,033 

Adjust for Load Time Delay = 278,033 Btu x 0.65 mass coefficient factor 
= 180,721 
= 180,721 Btu 

Demand Savings = 381,522 Btu - 180,721 Btu 
= 200,801 

Adjusted to kW/sqft = (200,801 Btu x 1 ton/12,000 Btu/hr x 1.3 kW/ton)/6,750 sqft 
= 0.0032 
= 0.0032 kW/sqft 

0.0032 kW/sqft x 0.75 CDF 
= 0.0024 
= 0.0024 kW/sqft 
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RE Window Film.xls 

5) Summary of Results: 

impact Type impact Recommended 
(per sqft of film) Advice Filing Evaluation Source 

Colnc. Demand (kW) 0,0064 0.0024 Evaluation 
Annual Energy (kWh) 14.28 14.74 Evaluation 

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

Atlanta, GA, 1993 
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Direct Evaporative Coolers 

Measure 
Description: 

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

Summary of Advice 
Filing Calculations: 

Demand and energy savings were developed on a per ton basis for 
each climate zone using fan operating characteristics, temperature 
design conditions, and cooling degree hours. 

Comments on 
Advice Filing 
Calculations: 

Calculation methods cited in the Advice Filing do not accurately 
model participant specific retrofits. In some cases, negative 
demand and energy savings are calculated. 

Comments on 
Advice Filing 
Inputs: 

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

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 sized direct evaporative cooler. 

2) Ex.ante calculation assumptions: 

1997 Advice Filing Assumptions 
High comfort occupancy has an internal requirement of 76 F, 60% RH. 

For a 5 F At between entering DB and interior design DB, the outside WB tamp must be 64 F or lower. 
Low comfort occupancy has an internal requirement of 84 F. 60% RH. 

For a 5 F At between entedng DB end Intedor design DB, the outside WB tamp must be 72 F or lower. 
4 hp of fan energy is required to move 12,000 cfm at 0.5 in static pressure. 

This is consistent with manufactures' data. 
Conventional HVAC system efficiency Is 1.3 kW/ton. 
To convert from hp to kW use 0.746 kW/hp. 
The heat capacity of air is 1.08 Btu/hr-F-cfm. 

4) 1997 Advice Filing Estimates: 

The following estimates were developed by PG&E for the 1997 Advice Filing1". 

Evaporative Capacity: 

Q = cfm x At x 1.08 Bturnr-F-cfm 

where: 
Q = evaporative capacity (Btu/hr) 

cfm = 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 

2 
4 
5 
11 
12 
13 
16 

DB Design 
tamp (F) 

90 
83 
77 
96 
93 
99 
99 

WB Design 
temp (F) 

65 
71 
65 
66 
68 
71 
63 

Exit tamp from 
evap. 
72.5 
74,6 
68.6 
75 

75.5 
79.4 
73.8 

Evaluation Advice Filing 
At (F) I At (F) 
11.5 I 11.5 
8.0 8.0 
15.4 15.4 
9.0 9.0 
8.5 8.5 
4.6 4.6 
10.2 10.2 

Capacity 
(Btu/hr), 
149,040 
103,680 
199.584 
116.640 
110,160 
59,616 
132,192 

Evaporator Fan Demand; 
A 4 hp fan can move 12.000 cfm 

= 4 hp x 0.746 kW/hp 
= 2.984 
= 2.984 kW 

Demand Savings: 
= baseline demand (kW/ton) - [fan demand (kW)/evaporator capacity (tons)] 
= 1.3 kW/ton - 2.984 kW/cepacity (tons) 

Energy Savings: 
= demand savings (kW/ton) x coolin~l degree hours ICDH) 

Climate Zone 

2 
4 
5 
11 
12 
13 
16 

emend Saving: 
(kW/ton) 

1.06 
0.95 
1.12 
0.99 
0.97 
0.70 
1.03 

AF Dem. Savings 
(kW/ton) 

1.04 
0.93 
1.11 
0.97 
0.95 
0.65 
1.01 

CDH 
(hours 1 
1,003 
861 
493 

1.729 
1.331 
2.252 
72O 

Energy Savings 
(kWh/ton) 

1,063 
822 
552 

1,717 
1,298 
1,575 
741 

F Energy Saving., 
(kWh/ton) 

1,043 
801 
547 

1,677 
1,264 
1,464 
727 

5) Evaluation Estimates: 
Use method described in the RE Motors program, (Advice Filing, p.MT-8). 
Baseline efficiency 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 

Capacity 
(tons) 
12.42 
8.64 
16.63 
9.72 
9.18 
4.97 
11.02 
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RE Evap Cooler.xls 

Fan Demand: 

Demand Savings: 

= kW/hp x hp x l/eft x % load 
= 0.746 kWx 4 hp x (1/83% eft) x 75% load 
= 2.696 
= 2.696 kW/12,000 cfm 

= [baseline demand (kW/ton)] - [fan demand (kW)/evaporator capacity (tons)] 
= [(1,3 kW/ton)] - 2,696 kW/capactty (tons) 

Coincident Demand Savings: 
= [baseline demand (kW/ton) x CDF] - [fan demand (kW)/evaporator capacity (tons)] 
= [(1.3 kW/ton) x 75%] - 2,696 kWlcapacity (tons) 

Energy Savings: 
= demand savings (kW) x cooling degree hours (CDH) 

6) Summary of Results: 

Climate Zone 

2 
4 
5 
11 
12 
13 
16 

Demand Savln~ls 
Evaluation 
(kW/ton) 

1.08 
0.99 
1.14 
1.02 
1.01 
0.76 
1.06 

997 Advice Filir 
(kW/ton) 

1.04 
0.93 
1.11 
0.97 
0.95 
0.65 
1.01 

Coincident Demand Savings 
Evaluation 997 Advice Fllln¢ 
(kW/ton) (kW/ton) 

0.76 0.78 
0.66 0.698 
0.81 0,833 
0.7O 0.728 
0.68 0.713 
0.43 0,488 
0.73 0,758 

Cooling Degree Energy Savings I 
Hours Evaluation 97 Advice Filing 

(hours) (kWhtton) (kWh/ton) 
1,003 1,066 1,043 
861 851 801 
493 561 547 

1,729 1,768 1,677 
1,331 1,339 1,265 
2,252 1,705 1,464 
720 760 727 

7) Sources 
1" PG&E, "1997 Customer Energy Efficiency Programs, Advice Letter No. 1978-G/1608-E Wo~papers"; pp. AC-23 to AC-25 
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Bypass Timer 

Measure 
Description: 

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. 

Summary of Advice 
Filing Calculations: 

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. 

Comments on 
Advice Filing 
Calculations: 

The percent a fan is loaded is generally independent from 
efficiency. 

Comments on 
Advice Filing 
Inputs: 

The fan load/efficiency value is not substantiated with 
documentation. Assumed hours of operation are poorly 
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: 

Quantum Consulting Inc. Attachment 2-5 Standard HVAC Measure Analysis 



RE Bypass Timer.xls 

Bypass Timer 

1) Install a bypass timer for a zone intermittently occupied alter hours when condit ioning is scheduled off. 
Timer controls the fans of a central AC system. 

2) Ex-ante calculation assumptions: 
Average occupancy of zone is 2 hours per night. 
Existing fan power = 1.0 hp. 
Fans operate at 80% load/efficiency. 

This value appeam to be a combination of fan load and fan effidency. 
These two variables are independent of each other, and so should not be combined. 

To convert from hp to kWuse 0.746 kW/hp. 
Baseline assumes fans are on for 11 hours a day, 260 days a year after business hours. 

According to the Setback Programmable Thermostat measure, business hours are from 7:00 AM to 6:00 PM (11 hrs). 
This implies that the system would be off for 13 hours (24 hr - 11 hr). 

Retrofil assumes fans are on for 2 hours a day, 5 days a week after 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) Adv ice  Filing Estimates: 
Baseline Energy Use: 

= 1 hp x 0.746 kW/hp x 80% load/eft x 11 hrs/dey x 260 days/yr 
= 1,707 
= 1,707 kW'h/yr 

Advice Filing lists 1,797 kV~n/yr (AC-78) 

Energy Savings: 
= 1 hp x 0.746 kW/hp x 80% eft. x (11 - 2 hrs/day ) x 260 days/yr 
= 1,397 
= 1,397 kVVh/yr 

This is 82% of the baseline. 82% 
Advice Filing also lists 82% (p.AC-78) which indicates that the 1,797 kWh/yr value was typed incorTectiy. 

NC Demand Savings: 
= 1 hp x 0.746 kW/hp 
= 0,746 kW 

Cycle Peak Colnddent Demand Savings: 
= 0,746 kWx 0.82 x 0.75 CDF 
= 0.459 
= 0.459 kW 

Demand savings is counted towards off-peak and partia6peak savings only, and is not applied to the MDSS. 

5) Evaluation Estimates: 
Use method desc.dbed 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 

Baseline Energy Use: 
= 1 hp x 0,746 kW~p x(1G7%ef f . )x  60%load x 11 hrs/day x 260 days~r 
= 2,217 
= 2,217 kWh~r 

0.9375 

Energy Savings: 
= 1 hp x 0.748 kW/hp x (1/77% eft.) x 80% load x (11 - 2 hrs/day) x 260 days/yr 
= 1,814 
= 1,814 kWh/yr 

This is 82% of the baseline. 82% 

NC Demand Savings: 
= kW x 1/eft x % load x (impact hours/baseline hours) 
= 0.746 kW x (1/77% eft) x 80% load x (9 hrs/11 hrs) 
= 0,634 
= 0.634 kW 

Coincident Demand Savings: 
Since fans are assumed to run continuously dudng the peak pedod, the coinddent demand savings are zero. 

6) Summary of Results: 

Impact Type 
(per timer) 

Coinc. Demand (kWh 
Annual Energy (kWh) 

Impact Recommended 
Advice Filing Evaluation Source 

O 0 
1,397 1,814 Evaluation 
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Timeclock 

Measure 
Description: 

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

Summary of Advice 
Filing Calculations: 

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

Comments on 
Advice Filing 
Calculations: 

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. 

Comments on 
Advice Filing 
Inputs: 

Weather data was for 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 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. 

Quantum Consulting Inc. Attachment 2-6 Standard HVAC Measure Analysis 



RE Timeclook.xls 

l"lmeciock. Electronic: 

1) Installs electronic tlmeclocke In spaces 

2) Assumptions used In Advice Flgng: 

Office hours = 
Occupied Hours = 

= 
= 

AC size = 
AC Efficiency = 

EER = 
Area serviced/ton = 

Heating size = 

with regular occupied and unoccupied periods. 

07:00-18:00 M-F 
11 hr/day x 5 day/week x 52.14 week/yr 
2,868 
Listed es 2,670 hrlyear 
10 tons (120,000 Btu) 
1.3 kW/ton with out fans 
9.23 Btu/Watt (calculated in spreadsheet *Window Film AF") 
500 sqft/ton 
250 kBtu/hr 

Heating efficiency = 70% 
Area served = 50 Btu/nr-sqfl 

Total cfm = 5.000 
Fan hp = 3 

Outside Supply Air = 20% 
Location = Sen Jose, ASHRAE bin weather data 

A bin analysis method Is used, where: 
OSA = outside air tamp (F) 

Bin = hours per year that tamp is in a given range (hr/yr) 
% OSA = percent outside air (fixed at 20%) 
Rat Air = return air tamp (F) 
Mix Air= mixed air temperature 

= (% OSA x OSA) + [(1 - % OSA) x Ret Air] 
67 F = tamp at which system switches ~om cooti~9 to heaU.ng 
SAT = supply air tamp (F) 

SAT (cooling) = 87 F + {{67 F - OSA)I5) x 2} 
SAT (heating) = 67 F + {[67 F - OSA)I5] x 3} 

Heating Loads (kBtu/yr) = [SAT - Mix Air (F)] x Bin (hr/yr) x (1.085 Btu/hr-F-CFM) x Air Flow (CFM) 
Cooting Loads (kBtu/yr) = [Mix Air - SAT (F)] x Bin (hr/yr) x ( 1,095 Bturnr-F.CFM) x Air Flow (CFM) 

Outside Air 

92 
87 
82 
77 
72 
67 
62 
57 
52 
47 
42 
37 
32 
27 

Total 

Sam 
Total Bin 

(hr/yr) 
6 

24 
84 

2O7 
535 

1,077 
1,756 
1,977 
1.545 

935 
451 
138 
24 

1 
8,760 

Recreated from Advice Filing p.AC-28 

~te Heating and Cootln D Load Cetculatlone for San Jose 
%OSA RetumAir 

iF) 
20% 74 
20% 74 
20% 74 
20% 74 
20% 74 
20% 74 
20% 74 
20% 74 
20% 74 
20% 74 
20% 74 
20% 74 
20% 74 
20% 74 

(Thermostat Set-back) 

Mixed Air Supply Air Cooling 
iF) (F) IkBtu/yQ 

77.6 57 671 
76.6 59 2,292 
75.6 61 6,853 
74.6 63 13,027 
73.6 65 24,960 
72.6 67 32,719 
71,8 70 15,242 
70.6 73 0 
69,6 76 0 
68,6 79 0 
67.6 82 0 
66.6 85 0 
65,6 88 0 
64.6 91 0 

Total 95,564 

Baseline EneMy Usage: 

HeaUng 
ikStuh/Q 

0 
0 
0 
0 
0 
0 
0 

25,741 
53,642 
52.753 
35232 
13.775 
2.916 

143 
184.203 

Cooing = Cooling Loads (kBtu/yr) x (1 ton-hr/12 kBtu) x 1.3 kW/ton 
= 95,56.4 kBtu/yr x (1 ton-hr112 kBtu) x t.3 kW/too 
= 10,353 
= 10,353 kWh/yr for San Jose 

Heating = Heating Loads (kBtu/yr) x (1 therrn/100 kBtu) x 1/Efficiency 
= 184,203 kBtu/yr x (1 therm/10g kBtu) x 1/70% 
= 2,631 
= 2,631 therrn/),r for San Jose 

Revised Energy Use 7:00AM - 6:00PM 

Outside Air 
(F~ 
92 
87 
82 
77 
72 
67 
62 
57 
52 
47 
42 
37 
32 
27 

San 
Total Bin 

(hWQ 
4 

16 
53 

122 
293 
516 
606 
563 
395 
2OO 

78 
19 

3 
0 

Total 2,870 

tie Heatln B and Cooling Load Calculations for San Jose 
% OSA Return Air Mixed Air 

20% 
20% 
20% 
20% 
20% 
20% 
20% 
20% 
20% 
20% 
20% 
20% 
20% 
20% 

Advice Filing lists total Din as 2.879 hours, but calculations do not support this. 

Supply Air Cooling Heating 
(F) (F) (F) (kBtu/yr) (kBtu/yr) 
74 77.6 57 447 C 
74 76.6 59 1.528 C 
74 75.8 61 4.198 C 
74 74.6 63 7.677 C 
74 73.6 65 13,670 C 
74 72.6 67 15,676 
74 71.6 70 5,277 C 
74 70,6 73 0 7.33C 
74 69,6 76 0 13.714 
74 68.8 79 0 11.284 
74 67.6 82 0 6,09,3 
74 66.6 85 0 1,8g7 
74 65.6 88 01 36"¢ 
74 64.6 91 O ' C 

Total 48.473 
Recreated from Advice Filing p.AC-29 (Th( 

40,683 
Then'noster Set.beck) 
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RE Timeclock.xls 

Business Hours Energy, Usage: 
Cooling = Cooling Loads (kBtu/yr) x (1 ton-hr112 kBtu) x 1.3 kW/'ton 

= 48,473 kBtu/yr x (1 ton-hr/12 kBtu) x 1.3 kW/ton 
= 5,251 
= 5,251 kWtVyr for San Jose 

Heating = Heating Loads (kBtu/yr) x (1 thermJlO0 kBtu) x 1/Effictoncy 
= 40,683 kBtu/yr x (1 therm/100 kBtu) x 1/70% 
= 581 
= 581 themWr for San Jose 

Additional warm-up/cool.down loads: 
Cooling = 16 F x (1.5 hrlday x 3 mo/yr x 22 day/mo) x 1.085 Btu/cfm-deg-hr x 5.000 cfrn 

= 8,593,200 
= 8,593 kBtu/yr 

Heating = 24 F x (1,5 hr/day x 3 mo/yr x 22 day/too) x 1.085 Btu/cfm-deg-hr x 5.000 cfm 
= 12,889.800 
= 12,890 kBtu,~r 

Total Retrofit Energy Use: 
Cooling = 48.473 kBtu/yr + 8,593 kBtu/yr 

= 57,066 
Adjust to kWh = 57,066 kBtu/yr x (1 ton/12,000 Btu) x (1.000 Btu/kBtu) 

= 4,756 
= 4,756 ton/yr x 1.3 kW/ton 
= 6,182 
= 6,182 kWt'Vyr 

Heating = 40,683 kBtu/yr + 12,890 kBtuJyr 
= 53,573 

Adjust to Therm = 53,573 kBtu/yr x (1 thenn/100,000 Btu) x (1,000 Bti.ul~Btu) 
= 536 
= 536 therrn/yr x (1/70%) 
= 765 
= 765 therm/yr 

Energy Savings: 
Cooling = 10.353 kWlVyr - 8,221 kWtVyr 

= 4,171 
= 4.171 kWh/yr for e 10 ton unit 

Heating = 2.631 therms/yr - 765 therms/yr 
= 1,866 
= 1.866 therrns/yr for a 250 kBtuh unit 

4) Evaluation Estimates: 

5) Summary of Results: 

Acco~ing to Advice Filing p. AC-30 

According to Advice Filing p. AC-30 

See Advice Filing estimates for example using Son Jose weather. 
Impacts deveToped for all climate zones. 

CTimato Zone S 
Climate Zone 

CZ_I 
C Z 2  
C Z 3  
C Z 4  
CZ_5 
CZ_6 
C Z 7  
C Z 8  
Cz_g 

CZ1O 
CZ_ 11 
C Z 1 2  
C Z 1 3  
CZ_14 
CZ_15 
CZ 16 

Impact Type Impact Recommended 
(per 10-ton unit) Advice Filing ! Evaluation Source 

NC Demand (kW) 
Coinc. Demand (kW i 
Annual Energy IkYvl" 4,171 4.171 Evaluation 

6) Adjust Energy Impacts by Conditioned Area: 

AdvloB Filing Assumptions: 
Cooling Energy Savings = 4,171 kW'hhjr for a 10 ton unit 

= 417,1 kWh/yr-ton 
Heating Energy Savings = 1,866 therms/yr for a 250 kBtuh unit 

= 7,464 therms/yr-kBtuh 

AC Sizing = 1 toNS00 sqft According to Advice Filing p. AC-28 

Furnace Sizing = 50 Btuhlsql~ According to Advice Filing p, AC-28 

Evaluation Energy Estimate: 
Cooling = (Conditioned Area) x (1 ton/500 sqft) x 417.1 kWh/yr-ton 

Heating = (Conditioned Area) x (50 Btuh/sqft) x (7.464 therms/yr.kBtuh) x (1 kBtuh/1,00O Btuh) 

)eclflc Impacts: 
kWh/ton 

22.9 
523.4 
202,9 
514,7 
255,7 
547.6 
714,4 
807.3 
913,1 
1071,0 
1060.5 
722.5 
1407.9 
1364.6 
2731.7 
460.1 
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Water and Evaporative Cooled Single Package AC Unit 

(9135,000 Btu/hr) 

Remote Condensing Unit (RCU); Air-Cooled 

(91 35,000 Btu/hr) 

Remote Condensing Unit (RCU); Water- and Evaporative- Cooled (91 35,000 Btu/hr) 

Measure 
Description: 

Summary of Advice 
Filing Calculations: 

Comments on 
Advice Filing 
Calculations: 

Comments on 
Advice Filing 
Inputs: 

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 (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 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. 

Evaluation Process: Using the change in EER for each site (based upon the MDSS), a 
revised equation was used in conjunction with EFLI4s (developed 
as part of the evaluation of the RE Central AC measures), to 
estimate per participant impacts. 

Quantum Consulting Inc. Attachment 2-7 Standard HVAC Measure Analysis 



RE Misc.xls 

Water and Evaporative Cooled Single-Package AC Unit 
Remote Condensing Unit (RCU); Air-Cooled 
Remote Condensing Unit (RCU); Water end Evaporative Cooled 

1) Installation of hlgh..efflclency AC units using the different technologies deacdbed. 
Units must exceed Title 20 standards, 

2) Ex-anta Assumptions Used in Calculations: 
Baseline Tifie20 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 
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. AC-3 

3) Advice Filing Estimates: 

Demand Savings: 
Measure Demand Savings = kW Title 20 - kW High Effi~ency Unit. according to Advice Filing, p, AC-15 

kW = (12,000 Btuh/ton) x (lkWll,000Watt) x (tons/EER Stub/Watt) according to Advice Filing, p. AC-15 
Coincident Demand Savings = Measure Demand Savings x 0.75 CDF 

Demand Savings 
Program Tons Title 20 

EER 
Evap. Cooled SPA~ 80 9.6 
I 80 9.6 

[ Air-Coo,ed RCU 60 30 I 9.9 9.9 

Eva Coo,edRCU J 1122:: 

Advice Filing p, AC-15-22 
Values may vary slightly due to rounding. 

Title 20 High Efficiency High Efficiency Demand Saving Oemend Saving: Coinc kWSavir 
kW EER kW kW kW/ ton-EER kWlton-EER 

100.000 10.5 91.429 8.571 0.119 
100.000 11.5 83.478 16.522 0.109 

0.114 0.085 
36.364 10.2 
72.727 10.5 

35.294 
68.571 

74.419 13.5 71.111 
111.628 14 102.857 

Avera~le 
t.O7O 
4.156 

Avera~le 
3.307 
8.771 

Avera~le 

0.119 
0.115 
0.117 
0.069 
0.066 
0.068 

0.088 

0.051 

Ener~ly Savings: 
Annual Energy Savings = Measure Demand Savings x EFLCH 

Coincident Enemy Savln~ls 

Manet Segment Hours/Year 
Evap Cooled SPAI 

Annual Energy 
Savings 

kWh/ton-EER 
Schools K.12 500 57 
Hotel/Motel 700 80 
Grocery 600 68 
College 1,200 137 
Warehouse 300 34 
OffÉce 1,000 114 
Hospitals 1,900 216 
Other 1,200 137 
Retail 800 91 
Restaurant 1,300 148 
Process Industry 800 91 
Assembly Industr) 2,100 239 
Advice Filing p. AC-15-22 

Air.Cooled RCt 
Annual Energy 

Savings 
kW'h/ton-EER 

59 
82 
70 
141 
35 
117 
223 
141 
94 
152 
94 
246 

Evap-Cooled RC 
Annual Energy 

Savings 
kWh/ton-EER 

34 
47 
41 
81 
2O 
68 
129 . 
81 
54 
68 
54 
142 

Values may vary slightly due to roundin~l. 

4) Evaluation Estimates: 

Demand Savings: 

Misc. HVAC AF Page 1 



RE Misc.xts 

EER is not linear. 
For this reason, catculating an impact using the unit kW/ton-EER is only valid for a very small range of EER values. 
Demand estimates are developed at e per unit basis. 

Demand Savings = (Capacity, Btuh) x (l/EERtit le20 - l/EERretrofit) x ( lkW/1,000 Watts) 
Coincident Demand Savings = Demand Savings x CDF 

CDF = varies by climate zone and business lype 

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 value 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 efficiency was determined through back-calculations. 
Back-calculated Efficiency: 

3.723 kW = 0.068 kW/ton- EER x 36.5 tons x (EER - 12.9 EER) x 0.75 CDF 
EER = [3.723 kW/(0.068 kW/ton- EER x 36.5 tons x 0.75 CDF)] + 12.9 

= 14.9 
= 14.9 EER according to kW impacts 

3,416.4 kWh = 34 kWh/ton- EER x 36.5 tons x (EER - 12.9 EER) 
EER = 15.65 

= 15.65 EER according to kWh impacts 

Average EER = 15.28 

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 

Program 
Retrofit 
Express 

REO 

and Technolo~, Group © 
Central AJC 76,569 
Adjustable Speed Drives 
Package Terminal AJC 
Set-Back Thermostat 

180,753 
2,337 

57,312 
Reflective Window Film 110,771 
Water Chillers 
Other HVAC Technologies 
Retrofit Express Program Total 
Adjustable Speed Drives 
Water Chillers 
Cooling Towers 
High Efficiency Gas Boilers 

Retrofit Efficiency Options Program Total 
APO Water Chillers 2,678,480 

Customized EMS 559,083 
Customized Controls 512,804 
Convert To VAV 530,960 
Other Customized Equip 
Other HVAC Technologies 

Advanced Performance Options Proi~ram Total 

~o "~ 

24,061 49,140 21,438 

603 
16,375 85,969 

3,342 

427,743 40,436 52,482 108,010 
372,699 
49,918 385,018 159,529 

168,591 80,527 

422,617 0 553,609 240,056 

376,640 

1,377,912 
230,772 

5,890,012 

33,789 

(..3 
34,824 

Total II 6,740,3721 

40,255 
40,255 

0 0 

8,405 
12,281 
2,252 

49,937 1,017 16,785 55,929 
75,314 52,720 

28,967 

73,298 14,640 
12,281 49,125 
13,140 3,071 

22,804 

57,763 123,235 29,983 14,640 117,520 183,649 

210,879 
105,219 71,925 

105,219 0 0 0 282,803 
1,730,494 1,529,262 2,976,298 
355,177 1,283,884 
118,305 

1,443,435 1,025,634 

33,789 1,820,075 
74,225 

0 0 
1,098,003 

0 2,203,976 1,025,634 0 2,813,146 4,074,301 

Total 
6,746 336,445 

308,787 
40,312 

4,094 237,437 
220,514 
22,804 
40,255 

10,840 1,206,555 
372,699 
805,343 
426,262 

0 
0 1,604,304 

8,914,534 
2,574,785 
631,109 
564,749 

3,846,982 
1,328,775 

0 17,860,934 
~ ~ J i  [~[,1 | |  | ; l l I ,~ |  | [IW&$1|?J'I~ I |J [  |Y~I~ |[I] iJ[l~$1~l |A | , ~  [el tJ~[ll,~,~,l [ JJ,'~ [IXrJ,$ I i [ l l;~ [i l I |~[I N~YA I ~  



Attachment 3-2 
Commercial HVAC Ex Ante Net Energy Impacts 

By Business Type and Technology Group 

Program and Technology Group 
Retrofit 
Express 

Central AIC 
Adjustable Speed Drives 
Package Terminal AJC 
Set-Back Thermostat 
Reflective Window Film 
Water Chillers 
Other HVAC Technologies 

REO 

APO 

Retrofit Express Program Total 
Adjustable Speed Drives 
Waler Chillers 
Cooling Towers 
High Efficienc~ Gas Boilers 

Retrofit Efficiency Options Program Total 
Water Chillers 
Customized EMS 
Customized Controls 
Convert To VAV 
Other Customized Equip 
Other HVAC Technologies 

~'~ i~ , / , : r l r l [~*  III k - ~ l [ i ]  U If,: I i [ I [ , ~ , I L I ? i  [ i ] l l , , l i i i [ l ]  ,J ll~ I i i l  i l ~ , ~  

To~l 

8 
O 

58.947 
139,154 
1,799 

44,123 
85,278 

329,302 
279,473 
37,431 

316,905 
2,008,492 
419,236 
384,533 
398,147 

1,033,245 
173,048 

4,416,700 

II s,°62,9°6 1 

m 

18,524 

12,606 

.>_ 

D 

m u 

37,831 16,504 

464 
66,184 

2,573 

31,130 40 ,404  83,152 

288,711 119,625 
126,420 60,384 

0 415,131 180,009 

282,428 

25,337 
1,082,378 

25,337 1,364,807 0 

56,467 11,820,3411 263,161 1 

30,991 
30,991 

0 
30,991 

_ : 

26,810 38,444 783 12,922 43,057 5,193 
57,981 40,587 

6,471 
9,455 
1,734 56,429 

22,300 

11,270 
9,455 37,819 
10,116 2,364 

17,556 

3,152 

44,470 94 ,874  23 ,083  11,270 90,474 141,384 8,345 

158,130 
78,900 53,934 

0 78,900 0 0 0 212,064 
1,297,633 1,146,737 2,231,815 
266,334 962,737 
88,712 

769,085 
823,352 

0 1,652,679 769,085 0 2,109,473 3,055,166 0 
44,470 11,826,4531 792,167 I 11,270 12,199,94713,408,6131 8,345 

Tota I 
259,015 
237,722 
31,035 
182,793 
169,765 
17,556 
30,991 
928,877 
279,473 
603,897 
319,638 

0 
1,203,008 
6,684,676 
1,930,735 
473,245 
423,485 

2,884,708 
996,399 

13,393,247 

II 15,525,132 



Attachment 3-3 
Commercial HVAC Unadjusted Engineering Energy Impacts 

By Business Type and Technology Group 

Program and Technology Group 
Retrofit 
Express 

Central A/C 
Adjustable Speed Drives 
PackaBe Tenminal AJC 
Set-Back Thermostat 
Reflective Window Film 
Water Chillers 
Other HVAC Technologies 

REO 

~PO 

Retrofit Express Program Total 
Adjustable Speed Drives 
Water Chillers 
Coolin s Towers 
High Efficienc~ Gas Boilers 

Retrofit Efficienc~ Options Prol~ram Total 
Water Chillers 
Customized EMS 
Customized Controls 
Converl To VAV 
Other Customized Equip 
Other HVAC Technologies i 

Advanced Performance Options ProBram Total 
Total 

= ~ 8 

O U ~ O 
69,294 11,668 6,813 6,614 
333,685 
2,402 748 
27,335 14,168 44,196 
114,319 3,449 

547,035 
266,434 
59,870 

326,305 
1,494,373 

76,911 
789,661 
530,960 

1,377,912 i 
305,851 

4,575,669 

II 5,449,0091 

25,836 1 0 , 2 6 3  51,558 

81,659 117,548 
36,861 24,091 

0 118,520 141,639 

376,640 

35,742 
1,451,248 

35,742 1,827,888 0 
61,578 ii,956,6711 193,198 I 

41,496 
41,496 

41,496 

M 

27,626 29,911 1,615 15,074 40,645 6.540 
155,283 135,583 

6,987 
5,788 
2,324 

42,726 

0 

42,726 

75.646 

105,557 

105,219 

105,219 
620,280 

109.803 

730,083 
1 940,859 

24,554 

26,169 

1,076,035 

1,076,035 
1,102,204] 

15,109 

15,109 

0 
15,109 

6,782 35,342 
13.561 3,169 

22,804 

5,466 

190,699 237,544 12,006 

79,928 
13,974 

0 93,901 
1,529,262:2,976,298 
1.283,884 

1,098,003 
2,813,146 4,074,301 

13,0o3,84514,405,746] 12,006 

Tota I 
215,802 
624,550 
34,691 
139,076 
227,577 
22,804 
41,496 

1,305,997 
266,434 
339,005 
180.145 

0 
785,585 

6,620,213 
1,737,435 
899,464 
566,702 

3,905,195 
1,403,855 
15,132.865 
1 7 , 2 2 4 , 4 4 6  



Attachment 3-4 
Commercial HVAC Gross Energy Impact $AE Coefficients 

By Business Type and Technology Group 

Program and Technology Group 

Retrofit Central A/C 
Express Adjustable Speed Drives 

Package Terminal AJC 
Set-Back Thermostat 
Reflective Window Film 
Water Chillers 
Other HVAC T~hnolo~ies 

Retrofit Express Prol~ram Total 
REO Adjustable Speed Drives 

Water Chillers 
Coolin B Towers 

iHi~h Efficiency Gas Boilers 
Retro[it Efficiency Options Program Total 

APO Water Chillers 
Customized EMS 
Customized Controls 
Converl To VAV 
Other Customized Equip 
Other HVAC Technologies 

I l l l l  

i 

Advanced Performance Options ProBram Total 

T o t a l  

._> 
c 

n~ 

1.15 1.15 1.15 1.15 1.15 1.15 1.15 
1.15 1.15 1.15 1.15 1.15 1.15 1.15 
1.15 1.15 1.15 1.15 1.15 1.15 1.1.5 
1.15 1.15 1.15 1.15 1.15 1.15 1.15 
1.15 1.15 1.15 1.15 1.15 1.15 1.15 
0.76 0.76 0.76 0.76 0.76 0.76 0.76 
1.15 1.15 1.15 1.15 1.15 1.15 1.15 

I 
1.15 1.15 1.15 1.15' 1.15 1.15" 1.15 
0.76 0.76 0.76 0.76 0.76 0.76 0.76 
0.76 0.76 0.76 0.76 0.76 0.76 0.76 
0.76 0.76 0.76 0.76 0.76 0.76 0.76 

I 
0.76 0.76 0.76 0.76 0.76 0.76 0.76 
0.76 0.76 0.76 0.76 0.76 0.76 0.76 
0.76 0.76 0.76 0.76 0.76 0.76 0.76 
0.76 0.76 0.76 0.76 0.76 0.76 0.76 
0.76 0.76 0.76 0.76 0.76 0.76 0.76 
0.76 0.76 0.76 0.76 0.76 0.76 0.76 

o 

1.15 
1.15 
1.15 
1.15 
1.15 
0.76 
1,15 

_l I 
i 

1.15 
0.76 
0.76 
0.76 

0.76 
0.76 
0.76 
0.76 
0.76 
0.76 

,i i 

1.15 
1.15 
1.15 
1.15 
1.15 
0.76 
1.15 

1.15 
0.76 
0.76 
0.76 

0.76 
0.76 
0.76 
0.76 
0.76 
0.76 

1.15 
1.15 
1.15 
1.15 
1.15 
0.76 
1,15 

1.15 
0.76 
0.76 
0.76 

0.76 
0.76 
0.76 
0.76 
0,76 
0.76 

Eo u 
1.1S 
1.15 
1.15 
1 . 1 5  

1.15 
0.76 
1.15 

1 . 1 5  

0.76 
0.76 
0.76 

0.76 
0.76 
0.76 
0.76 
0.76 
0.76 

1.15 
1.15 
1.15 
1.15 
1.15 
0.76 
1 . 1 5  

i 
1 . 1 5  

0.76 
0.76 
0.76 

0.76 
0.76 
0.76 
0.76 
0.76 
0.76 

Total 

,, . , • 
r .~ 



Attachment 3-5 
Commercial HVAC Ex Post Gross Energy Impacts 

By Business Type and Technology Group 

Program and Technolosy Group 
Retrofit Central A/C 
Express Adjustable Speed Drives 

Packase Terminal AJC 
Set-Back Thermostat 

REO 

Q 
79,745 

384,010 
2,765 
31,457 

Reflective Window Film 131,560 
Water Chillers 
Other HVAC Technologies 
Retrofit Express Program Total 629,536 
Adjustable Speed Drives 306,617 
Water Chillers 45,363 
Cooling Towers 
High Efficiency Gas Boilers 

351,980 Retrofit Efficiency Options Program Total 
APO = Water Chillers 1,132,270 

Customized EMS 58,275 
Customized Controls 598,318 
Convert To VAV 402,303 
Other Customized Equip 
Other HVAC Technologies 

Advanced Performance Options Prosram Total 

1,044,029 
231,740 

3,466,934 

II 4'448'4501 Total 

13,428 

16,304 

u cD ~ 
7,841 7,612 31,793 34,422 

3,969 

861 8,040 
50,861 6,661 

2,675 

29,732 11,810 59,334 

61,872 89,065 
27,929 18,254 

0 89,801 107,318 

285,376 

27,081 
1,099,595 

27,081 
56,814 

47,754 
47,754 49,170 

0 0 

o 

~ ~ o 

1,858 17,348 46,775 
178,701 156,031 

28,257 
7,804 40,673 

87,054 17,387 15,606 3,647 
17,278 

121,477 30,115 17,387 219,459 264,404 

60,560 
79,723 10,588 

79,723 0 0 0 71,148 
469,979 1,158,705 2,255,108 

972,785 
83,196 

815,300 
831,945 

553,175 815,300 0 2,131,490 3,087,053 1,384,971 0 0 0 

.5 
• ~ Total 

7,526 248,348 
718,742 
39,923 

6,290 160,051 
261,899 
17,278 
47,754 

13,817 1,493,995 
306,617 
256,860 
136,494 

0 
0 699,971 

5,016,062 
1,316,436 
681,514 
429,384 

2,958,924 
1,063,685 

0 11,466,005 
11,486,5821 166,653 47,754 49,1701 754,376 1 845,415 I 17,387 12,350,94913,422,6051 13,8171{ 13,659,972 



Attachment 3-6 
Commercial HVAC Gross Energy Impact Realization Rates 

By Business Type and Technology Group 

Program and Technolosy Group 

Retrofit 
Express 

Central tVC 
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 
Coolin 8 Towers 
High Efficiency Gas Boilers 

Retrofit Efficiency Options Program Total 

APO Water Chillers 

Customized EMS 
Customized Controls 
Convert To VAV 

Other Customized Equip 
Other HVAC Technologies 

Advanced Performance Options Prosram Total 

Total 

~4 
> 

c 

O 

1.03 

2.37 

> 

E ~ ~ 

0 ~ u ,.~ ~ ~ I i 
1.04 0.56 0.16 0.36 0.91 0.69 1.83 
2.12 - 
1.18 - 1.43 0.96 0.98 

0.55 1.00 - 0.59 0.54 
1.19 1.19 1.19 1.19 - 

- 1 .19 - 

1 .47 0.74 0.23 0.55 1.19 0.85 0.99 1.00 

0.82 
0.91 0.16 0.56 0.29 

0.17 0.23 0.76 0.15 

0.83 

0.42 

0.10 
1.17 
0.76 
0.76 
1.00 

0.59 

0.66 

0.16 0.45 0.76 

0.27 

0.70 
0.76 

O 

1.19 

1.19 

I 1.19 

0.80 
0.76 0.79 

0.80 0.76 0.25 0.79 
I 0 . 7 7 1  0.61 I0 .48  1.19 0.85 1 0.31 10.80 

0.64 
1.19 

1.87 

0.76 

0.76 

0.76 

0.80 

I , j  
> 

E 
O 

0.84 
2.96 

0.83 
1.19 
0.76 

1.44 

0.25 

0.76 

0.76 

0.76 

I o.75 

d 

1.12 

1.54 

1.27 

1.27 II 

Total 

0.74 
2.33 
0.99 
0.67 
1.19 

0.76 
1.19 

1.24 

0.82 

0.32 
0.32 

0.44 

0.56 

0.51 
1.08 
0.76 
0.77 
0.80 

0.64 

0.66 



Attachment 3-7 
Commercial HVAC Net-to-Gross Adjustments 

By Business Type and Technology Group 

ProBram and Technology Group 
Retrofit Central A/C 
Express Adjustable Speed Drives 

Package Terminal A/C 
Set-Back Thermostat 
Reflective Window Film 
Water Chillers 
Other HVAC Technolog=es 

:~EO 

~PO 

Retrofit Express Program Total 
Adjustable Speed Drives 
Water Chillers 
Cooling Towers 
High Efficiency Gas Boilers 

Retrofit Efficiency Options Program Total 
Water Chillers 
Customized EMS 
Customized Controls 
Convert To VAV 
Other Customized Equip 
Other HVAC Technologies 

Advanced Performance Options Program Total 
Total 

:D 

o ~ 8 ~ u 
0.59 0.59 0.59 0.59 0.59 

0.73 0.73 0.73 0.73 0.73 
1.04 1.04 1.04 1.04 1.04 
0.70 0.70 0.70 0.70 0.70 
0.36 0.36 0.36 0.36 • 0.36 
0.90 0.90 0.90 0.90 0.90 
0.14 0.14 0.14 0.14 0.14 

0.73 0.73 0.73 0,73 0.73 
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 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 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 0.90 
0.90 0.90 0.90 0.90 0.90 

~ .~ - = ~ ~ 

Iota, 
0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 
0.73 0.73 0.73 0.73 0.73 0.73 0.73 ~ .  _~3MI~I~ 
1.04 1.04 1.04 1.04 1.04 1.04 1.04 ~1.~-'~04 ~ 
0.70 0.70 0.70 0.70 0.70 0.70 0.70 . ~  
0.36 036 0.36 036 036 036 036 m n ~  
0.90 0.90 0.90 0.90 0.90 0.90 0.90 .:~I] ~ 
0.14 0.14 0.14 0.14 0.14 0.14 0.14 ~ ' 

I O W J I I e W ~ I I O W ~ I I e ~ I  I O ~ J I  I o ~ I I o ~ I  I ' ( G ~ / ,  ' 
0.90 0.90 0.90 0.90 0.90 0.90 0.90 
0190 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 

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 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 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 0.90 0.90 0.90 

~ o ,. 

. . . .  ,~ ~ ~= ~._. ~ { . '  .)~ .C_~.~ £_:.~!_ ~ .  Ij.: ~ _  L~_ ' ~  : :  .~ ...... ~ Z  . . . .  
I I}  ~ I I  ~ I1' ~ . . l l :  ~ ,  I ~ i . 1 [  ~ : ~ 1 I ~ . ~  I I ' ; , ~ , ' : ; i  ~ 11 ~ .11 ~ I I  ' . ~  



A ttachment 3-8 
Commercial HVAC Ex Post Net Energy Impacts 

By Business Type and Technology Group 

Program 
Retrofit 
Express 

REO 

and Technology Group © 
Central A/C 46,939 
[Adjustable Speed Drives 
Package Terminal A/C 
Set-Back Thermostat 

281,563 
2,864 
22,024 

Reflective Window Film 47,423 
Water Chillers 
Other HVAC Technologies 
Retrofit Express Program Total 400,812 
Adjustable Speed Drives 224,817 
Water Chillers 40,918 
Cooling Towers 
High Efficiency, Gas Boilers 

Retrofit Efficiency Options Program Total 
APO Water Chillers 

265,735 
1,021,327 

Customized EMS 52,565 
Customized Controls 539,693 
Convert To VAV 362,884 
Other Customized Equip 941,733 

7,904 

11,415 

._> 
C D 'E 

o -~ o 8 

4,615 4,480 18,714 

~ ~ o 
m • ~ m v 

20,262 1,094 10,211 27,533 
131,027 114,404 

892 8,328 29,270 
35,609 4,664 

1,431 964 31,380 

19,319 6 , 0 4 6  40,981 

55,810 80,338 
25,193 16,465 

0 81,002 96,803 

-.  257,414 

24,428 
991,854 

1,249,268 0 
1,336,3171 137,784 

6,691 
6,691 32,670 

0 

0 0 

6,691 32,670 [ 

Other HVAC Technologies 209,034 
Advanced Performance Options Program Total 3,127,236 24,428 

Total II 3,793,784 I 43,747 

6,267 
5,464 28,476 
5,625 1,315 

15,585 

51,642 30,363 6 ,267  152,328 187,313 

71,912 

71,912 0 0 
423,929 

75,045 

735,415 

498,974 735,415: 0 
622,528 I 765,778 I 6,267 

54,626 
9,550 

0 64,177 
1,045,173 2,034,148 
877,469 

750,429 
1,922,642 2,784,577 

Total 
4,430 146,182 

526,994 
41,353 

4,404 112,055 
94,406 
15,585 
6,691 

8,834 943,267 
224,817 
231,692 
123,120 

0 
0 579,629 

4,524,577 
1,187,448 
614,738 
387,312 

2,669,002 
959,463 

0 10,342,540 

12,074,96913,036,0661 8,834 II 11,865,436 



Attachment 3-9 
Commercial HVAC Net Energy Impact Realization Rates 

By Business Type and Technology Group 

Program and Technology Group 

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 

Adjustable Speed Drives 
Water Chillers 

REO 

Cooling Towers 
High Efficiency Gas Boilers 

Retrofit Efficiency Options Program Total 
APO Water Chillers 

Customized EMS 
Customized Controls 
Convert To VAV 
Other Customized Equip 
Other HVAC Technologies 

Advanced Performance Options Program Total 

ca 

0.80 0.43 
2.02 
1.59 
O.50 0.91 
0.56 

1.22 

0.80 
1.09 

0.84 
0.51 
0.13 
1.40 
0.91 
0.91 
1.21 
0.71 

0.75 

0.62 

0.96 

0.96 

0.77 

..~ ~ 

.= = I~ 

- = o 8, ~ o ~ - o u 

0.12 0.27 0.70 0.53 1.40 0.79 0.64 
2.26 2.82 

1.92 1.29 
0.54 0.49 

0.56 0.56 0.56 

0.22 
0.15 0.49 0.22 0.73 0.54 

0.19 0.67 - 
0.20 0.27 0.91 

0.20 0.54 0.91 
0.33 

0.91 
0.85 

1.31 

1.32 

0.92 0.96 

0.92 0.30 0.96 

10.7310.5210.2210.73 0.3410.97 

0,56 

0.56 

0.56 

0.58 
0.56 

1.68 

0.91 
0.91 

0.91 

I 0.94 

0.75 

0.56 

0.89 

1.32 

0.35 
0.18 

0.30 
0.91 

0.91 
0.91 

J 0.89 

y~ 

0.85 

1.40 

1.06 

J 1.06 

Total 

0.56 
2.22 
1.33 
0.61 
0.56 
0.89 
0.22 
1.02 

0.80 
0.38 
0.39. 

0.48 

0.68 

0.62 

1.30 

0.91 

0.93 

0.96 

0.77 

II 0.76 Total 



Attachment 3-10 
Commercial HVAC Ex Ante Gross Demand Impacts 

By Business Type and Technology Group 

Program and Technology Group 
Retrofit 
Express 

Central A/C 
A.djustable Speed Drives 
Package Terminal AJC 
Set-Back Thermostat 
Reflective Window Film 
Water Chillers 
Other HVAC Technologies 

REO 
Retrofit Express Program Total 

Adjustable Speed Drives 
Water Chillers 
Coolin 8 Towers 
High Efficiency Gas Boilers 

~PO 
Retrofit Efficiency Options Program Total 

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

|1 k'~. I l [ l (  ;~1 I ~ ;~  l I l l  i l iP .  | I [ l ( : ] [ i ] ~  [11111i1 [ I ]  'J r .  I I i I I  ~ ,  

ToNI 

8 
0 

67 

2 

18 

86 
5 

27 

32 
705 
62 
3 

65 
117 

m 

26 

26 

0 

22 

952 22 

II 1,071 I 48 

u ~ u m m ff  u 
30 I0 23 23 1 11 36 

0.3 6 32 

1 0.4 12 

300 

300 

I 463 

30 11 

102 66 
31 17 

133 83 

17 
17 29 

0 0 

35 

32 

32 
192 
66 

0 0 0 258 

I 94 I 17 I 29 I 325 

33 

0 

75 

75 

I 108 

13 

0 
99 

0 99 

1 2 I 112 

0.5 
14 

51 

68 
10 

78 
542 

216 

758 

I 887 

Total 
230 

0 
40 
0 
36 
14 
17 

337 
5 

263 
89 
0 

357 
1,538 
128 
3 

87 
492 
216 

2,464 
II 3,159 



Attachment 3-11 
Commercial HVAC Ex Ante Net Demand Impacts 

By Business Type and Technology Group 

Program and Technology Group 

Retrofit 
Express 

Central A/C 
Adjustable Speed Drives 
Package Terminal AIC 
Set-Back Then-nostat 
Reflective Window Film 
Water Chillers 
Other HVAC Technologies 

REO 

APO 

Retrofit Express Program Total 

Adjustable Speed Drives 
Water Chillers 
Cooling Towers 
High Efficiency Gas Boilers 

Retrofit Efficiency Options Program Total 

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

Total 

O 
51 2O 

- 

23 8 18 18 1 8 28 

0.2 4 25 

14 0.4 0.3 

20 

0 

17 

17 

36 

67 

4 
20 

24 

529 
47 
2 

49 
88 

23 8 

76 SO 

23 13 

I O0 62 

225 

. ? I A  

13 
1.3 22 

0 0 

27 

24 

24 
144 

50 

• bl 

25 

56 

1 82 

2 

10 

0 
74 

| 

m m  

0.4 
11 

39 

51 
7 

58 
407 

1 6 2  

cca 

Total 

177 
0 
31 
0 
27 
11 
13 

26O 
4 

197 
67 
0 

268 
1,1.54 

96 
2 
65 

369 
162 

1,848 

JI_~.L~Z_6. 



Attachment 3-12 
Commercial H VA C Unadjusted Engineering Demand Impacts 

By Business Type and Technology Group 

Program and Technolosy Group 

Retrofit Central AJC 
Express Adjustable Speed Drives 

Packase Terminal A/C 
Set-Back Thermostat 
Reflective Window Film 
Water Chillers 
Other HVAC Technologies 

REO 
Retrofit Express Program Total 

Adjustable Speed Drives 
Water Chillers 
Coolin 8 Towers 
High Efficiency Gas Boilers 

Retrofit Efficiency Options Prol~ram Total 
APO Water Chillers 

Customized EMS 
Customized Controls 
Convert To VAV 
Other Customized Equip 
Other HVAC Technologies 

Advanced Performance Options Prosram Total 

Total 

O 
57.9 
69 
2 

23 

151 
76 
36 

112 

864 
99 
73 
65 
117 

1,217 

1,481 

.>_ 
c 

16 9 11 18 20 

1 ,3 29 

0.3 0.3 16 

18 
16 9 12 18 21 36 

80 96 
43 . 22 32 

0 123 117 0 0 32 
200 

35 

30 

300 83 

35 300 0 0 200 83 

51 431 I t29 18 2t I 268 1 t13 

11 
36 

1 

48 

0 
99 

99 
147 

E 
8 
27 
15 

1 
14 

56 

48 
11 

59 
542 

216 
758 

873 

~5 

3 

Total 

174 
119 
34 
0 
44 
14 
18 

403 
76 

260 
106 
0 

442 
1,705 

99 
73 
100 
50O 
216 

2,692 

3 ,538  



Attachment 3-13 
Commercial HVAC Ex Post Gross Demand Impacts 

By Business Type and Technology Group 

Program and Technolosy Group 

Retrofit Central A/C 
Express Adjustable Speed Drives 

Packase Terminal A/C 
Set-Back Thermostat 
Reflective Window Film 
Water Chillers 
Other HVAC Technologies 

REO 
Retrofit Express Prol~ram Total 
Adjustable Speed Drives 
Water Chillers 
Coolin 8 Towers 
High Efficienc~ Gas Boilers 

Retrofit Efficiency Options Program Total 
APO Water Chillers 

Customized EMS 
Customized Controls 
Convert To VAV 
Other Customized Equip 
Other HVAC Technolo~gies 

Advanced Performance Options Program Total 

Total 

~ ~ u 

u 0 U 

0 ~ U ~ U [ l N 

58 16 9 11 , 18 20 
69 
2 - 1 3 

23 
- 

151 
76 
36 

112 
864 
99 
73 
65 
117 

1,217 

II 1,481 

0.3 0.3 16 

18 
16 9 12 18 21 36 

80 96 
43 22 32 

0 123 117 0 0 32 

200 

35 
300 

35 300 0 0 0 200 

1 431 I 129 I 18 I 21 1268 

O 

O 

1 

29 

30 

0 

83 

83 

113 I 

:D  

O 

0 

~4 
U 

11 
36 

48 

0 
99 

99 

I 147 

ug 
L~ 

E 
0 
U 

27 
15 

I 

14 

56 

48 
11 

59 
542 

216 
758 

I 873 

. 1  

3 

0 

0 

3 

Total 

1 74 
119 
34 
0 

44 
14 
18 

403 
76 

260 
106 

0 
442 

1,705 
99 
73 
100 
500 
216 

2,692 

]l 3,538 



A ttachmen t 3 - 14 
Commercial HVAC Gross Demand Impact Realization Rates 

By Business Type and Technology Group 

Prosram and Technolosy Group 

Retrofit Central A/C 

Express Adjustable Speed Drives 
Package Terminal AJC 
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 

Retrofit Efficiency Options Program Total 
APO Water Chillers 

Customized EMS 
Customized Controls 
Convert To VAV 
Other Customized Equip 

I Other HVAC Technologies 
Advanced Performance Options Prol~ram Total 

Total 

c ~ "~ ~ > 

0 ~ ~ 
O ~ u ~ 0 ~ I Z ~ 

0.87 0.64 0.29 1.11 0.77 0.86 0.87 0.98 

1.03 1.81 0.50 0.90 

1.27 0.58 0.72 1.37 

1.75 
14.38 
1.33 

3.46 
1.23 
1.59 

24.40 
1.00 1.58 
1.00 

1.28 

1.38 

1.03 
0.64 0.30 1.13 1.03 0.71 1.03 0.90 

0.78 1.45 
1.39 1.27 1.00 

I 

• - 0.92 1.41 1.00 
i 

1.04 

i 1.00 1.10 

1.58 1.00 - 0.78 1.10 

11.081 0 .9311.3811.0310.71 0.83 1.04 

1.01 

1.01 

1.01 

0.71 

3.69 

1.00 

1.00 

[ 1.31 

E 
0 

U 

0.74 

1.13 
1.00 

1.10 

0.71 
1.08 

0.76 
1.00 

1.00 
1.00 

] 0.98 

1.01 

1.01 

1.01 

Total 

0.76 

0.86 

1.23 
1.00 
1.03 
1.20 

14.38 
0.99 
1.19 

1.24 

1.11 
0.77 

24.40 
1.15 
1.02 
1.00 
1.09 

II 1.12 



Attachment 3-15 
Commercial HVAC Net-to-Gross Adjustments for Demand Impacts 

By Business Type and Technology Group 

I I I I I I " -  - - = ° ~ ~ ~ ~ ~ ~ Total U ~ L~ 

Retrofit Central A/C 
Express Adjustable Adjustable Speed Drives 

PackaBe Terminal AJC 
Set-Back Thermostat 
Reflective Window Film 
Water Chillers 
Olher HVAC Technologies 

Program and Technolo8y Group 

REO Adjustable Speed Drives 
Water Chillers 
Cooling Towers 
High Efficiency Gas Boilers 

APO 

Retrofit Efficiency Options Program Total 
Water Chillers 
Customized EMS 
Customized Controls 
Convert To VAV 
Other Customized Equip 
Other HVAC Technologies 

Advanced Performance Options Program Total 
Total 

i I | ~ l  i r o W J i  i l W J i  i l | J i  I u ) ~ i  i I W J I  i l | J I  n o | J R  I O ) J i  | O W J i  | l W ~ i i i ) ~ i !  ~ _ ~  

ioIIoI IO~[II IO~IOI ioIIoI l l~]I I IO~IOI II~]II iI~]II II~]II iO~IOI iI~[OIi~IOm!~. ~ ~.~.._ 
i o ~ ] o I I o ~ I o I i o ~ i o I i O ~ I O l i , ~ ] o I i o ~ I o i i o ~ I o i l o ~ I O l l O ~ ] o n i o ~ ] O l l O ~ O l i , ~ o I l [ . . ,  ... ~ -- 
I.~ I~" ~ ' Ill ~ .  II .~ If, ~ I~. o.,.,l[.'i(~i, If: o :. Ill -o If" ~'ii: II:~~ll "'~"io'- II,' ~. 
IiIIll lOtion Ill[in llIIOlliI]li IOl]Ol ill]in n oIIoI IOl]ll lll]ll lll]lI i i I I I I i ~ I ~ _ ~  
IlIlli ll~IOi il~Ili ill]IN ~I ~I]li ilIIlI ilIIll ilI]II iOIIll ReFill llIIlli~IoI1 ~. ~...= 
i l ~ [ O I  i l ~ ] l l  i l l ] I n  I l l ] O n  I " B i l l  i O ~ I I I  i I ~ [ I I  i I ~ l l l  I I ~ ] l i  I I ~ ] l i  I ° ~ l o I i i ~ I l I I I  ~' ~ L  

-- . - -  L ~  _, _ _  • - ~  
I l l I O i l l l I l i l O l I I l i o l l o i i ' l I O i i O l I O i I l l i i i l l l I l i i l l I l l i l l l l i i ' [ l i I ' l I l i ' ~ ~  
l O l l e R  i l  l I O i  I I ~ I l I  I l l I O I  i ~l ]  I I i O l [ l I  i l  ~ ] e ~  i i ~ i i  I O l l l I  I l l I l I  i ~ l I l I  i ~ , ~ I e  i i ~ ~  ~ 

~,--~--.~-i:i ~ - ~ - ~ : . , . - ~ 2 ~ L - . - - ~ - ~ - ~ C . ' ~  - ~ : : ! T : ~ - : , ~ I - ~ ~  .r~. ,~...,~ 



Attachment 3-16 
Commercial HVAC Ex Post Net Demand Impacts 

By Business Type and Technology Group 

Program and Technology Group 

Retrofit Central A/C 
Express Adjustable Speed Drives 

Package Terminal A./C 
Set-Back Thermostat 
Reflective Window Film 
Water Chillers 

I R E O  

Other HVAC Technologies 
Retrofit Express Program Total 
Adjustable Speed Drives 
Water Chillers 
Cooling Towers 
High Efficiency Gas Boilers 

Retrofit Efficiency Options Program Total 
APO Water Chillers 

Customized EMS 
Customized Controls 
Convert To VAV 
Other Customized Equip 
Other HVAC Technologies 

Advanced Performance Options Program Total 
T o t a l  

"E ~ ~ ~ 

= o u = - -  E 

34 10 5 7 10 12 1 6 16 
50 26 11 
2 1 3 30 

95 
56 
33 

88 
779 
89 
66 
59 
106 

1,098 

II 1,281 

0 0 6 

I • 

m m ~ m m m  
L 

271 

31 271 0 0 0 180 

41 I 386 I 113 I 3 I 13 I 227 

30 

75 

75 

I los 

1 

33 

0 
89 

0 89 

I 1 I 122 

0 
13 

40 

43 
10 

53 
489 

195 
684 

[ 776 

2 

Total 

102 
87 
35 
0 
16 
13 
3 

256 
56 
234 
96 
0 

386 
1,538 

89 
66 
90 
451 
195 

2,429 

II 3,071 



Attachment 3-17 
Commercial HVAC Net Demand Impact Realization Rates 

By Business Type and Technology Group 

Program and Technolosy Group 

Retrofit Central A/C 
Express Adjustable Speed Drives 

Package Terminal AJC 
Set-Back Thermostat 
Reflective Window Film 
Water Chillers 

REO 

Other HVAC Technologies 
Retrofit Express Program Total 
Adjustable Speed Drives 
Water Chillers 
Cooling Towers 

APO 

High Efficiency Gas Boilers 
Retrofit Efficiency Options Program Total 

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

Advanced Performance Options Prosram Total 

Total 

> 

¢) " ~  (~ 0 u U ~ 

U 

0.66 0.49 0.22 0.85 

1.39 

O.59 

1.42 
14.05 
1.60 

3.63 
1.47 
1.91 

29.35 
1.20 
1.20 

1.54 

II 1.59 

0.49 

1.90 

1.90 

[ 1.13 

0.27 

0.22 

0.94 
1.67 

1.11 

1.20 

1.20 

[ 1.11 

2.44 

0.89 

1.74 
1.53 

1.70 

o 

11.6oi 

0.19 

0.19 

0.19 

u 

0.59 0.66 0.66 

0.67 1.22 

0.34 0.64 

O 

0.47 

U 
> 

E 

0.75 

0.33 

U 
> 

E 
O 

0.57 

0.53 
1.17 

0.77 

0.60 0.65 1.20 0.47 3.31 1.01 0.77 

1.20 

1.20 
1.25 1.20 

1.20 

1.45 

1.33 

0.93 1.33 

I o.6o I 0-93 I 1-29 

0.86 
1.30 

0.91 

1.20 

1.20 
1.20 

1.17 I 0.47 I I 0.77 II 

Total 

0.58 

1.16 

0.58 
1.17 
0.19 
0.99 
14.05 
1.19 
1.43 

1.44 
1.33 
0.93 

29.35 
1.38 

• 1.22 
1.20 
1.31 

1.29 



Attachment 3-18 
Commercial HVAC Ex Ante Gross Therm Impacts 

By Business Type and Technology Group 

~rogram and Technology Group 
~etrofit Central A/C 
Express Adjustable Speed Drives 

Package Terminal AJC 
; Set-Back Thermostat 
Reflective Window Film 
Water Chillers 
Other HVAC Technologies 

Retrofit Express Program Total 
~EO Adjustable Speed Drives 

Water Chillers 
Cooling Towers 
High Efficiency, Gas Boilers 

Retrofit Efficiency Options Program Total 
Water Chillers 
Customized EMS 
Customized Controls 
Convert To VAV. 
Other Customized Equip 
Other HVAC Technologies 

Advanced Performance Options Pro6ram Total 

APO 

To~l 

0 

53,039 

77,029 

130,068 

130,068 

> ..,., 
D c ~ 

0 0 0 0 

0 

26,768 

0 0 0 

183,758 

210,526 0 0 

210,526 I 0 0 

0 

79,821 
9,819 

2,507 

2,507 

89,640 0 0 
89,640 l 0 i 2,507 

0 

89,512 

53,534 
143,046 

I 143'046 I 

Total 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

2,507 

2,507 

89,512 
106,589 
62,858 

0 
260,787 
53,534 

573,280 

575,787 



Attachment 3-19 
Commercial HVAC Ex Ante Net Therm Impacts 

By Business Type and Technology Group 

Program and Technology Group 
Retrofit Central A/C 
Express Adjustable Speed Drives 

Packase Terminal A/C 
Set-Back Thermostat 
Reflective Window Film 

I Water Chillers 
j Other HVAC Technologies 

Retrofit Express Prol~ram Total 
REO Adjustable Speed Drives 

Water Chillers 
Coo]in 8 Towers 
High Efficiency Gas Boilers 

Retrofit Efficiency Options Program Total 
~PO Water Chillers 

Customized EMS 
Customized Controls 
Convert To VAV 
Other Customized Equip 
Other HVAC Technologies 

Advanced Performance Options Prosram Total 

Total 

© 

39,779 

57,772 

97,551 
97,551 

0 0 0 0 0 0 0 0 0 0 0 0 

0 

20,076 

0 0 0 

137,819 

157,895 0 

157,895 I I 0 

0 

59,866 
7,364 

1,880 
1,880 

67,230 0 
67,230 1,880 

0 
67,134 

40,151 
107,285 

lo7,285 I 
0 

I o 

Total 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1,880 
1,880 

67,134 
79,942 
47,144 

0 
195,590 
40,151 

429,960 

II 431,84o 



Attachment 3-20 
Commercial HVAC Unadjusted Engineering Therm Impacts 

By Business Type and Technology Group 

=rogram and Technology Group 
~etrofit Central AJC 
:xpress Adjustable Speed Drives 

Packase Terminal AJC 
Set-Back Thermostat 
Reflective Window Film 
Water Chillers 
Other HVAC Technologies 

Retrofit Express Program Total 
~EO 

APO 

Adjustable Speed Drives 
Water Chillers 
Coolin s Towers 
High Efficiency Gas Boilers 

Retrofit Efficiency Options Program Total 
Water Chillers 
Customized EM5 
Customized Controls 

'Convert To VAV 
Other Customized Equip 
Other HVAC Technologies 

Advanced Performance Options ProBram Total 
Total 

.~ ~ ~ ~ ,~ = -~ . "8 - o - ~ ~ .~ 

R 

d 

0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 

26,768 

2,507 
2,507 

48,028 8,545 

77,029 183,758 

125,057 0 2t0,526 0 0 0 8,545 
II 125,057 I 0 I 210,526 I 0 I 0 I 0 I 8,545 

0 
89,512 

53,534 
143,046 

1143,0461 
0 0 0 

1 0 I 0 12,507 

Total 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2,507 
2,507 
89,512 
26,768 
56,573 

0 
260,787 
53,534 

487,174 



Attachment 3-21 
Commercial HVAC Ex Post Gross Therm Impacts 

By Business Type and Technology Group 

Program and Technology Group 

Central AJC Retrofit 
Express Adjustable Speed Drives 

Package Terminal AJC 
Set-Back Thermostat 
Reflective Window Film 
Water Chillers 
Other HVAC Technologies 

Retrofit Express Program Total 
REO Adjustable Speed Drives 

Water Chillers 

APO 

Advance( 

Cooling Towers 
High Efficiency Gas Boilers 

Retrofi Efficiency Options Program Total 
Water Chillers 
Customized EMS 
Customized Controls 
Convert To VAV 
Other Customized Equi__ E 
Other HVAC Technologies 

Performance O tions Pro ram Total 

Total 

0 

> 

= ~ "~ ~ ~ .= ~ .= = 
_ o ~ ~ = ~ ~ o 

,g 

E 
0 u 

0 0 0 0 0 0 0 0 0 0 0 0 

2,507 

NNnmmmmml 
ummmnm m'/mmmmm' mmmm'// 

Total 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2,507 
2,507 

89,512 
26,768 
56,573 

0 
260,787 
53,534 

487, t 74 



A ttachment 3-22 
Commercial HVAC Gross Therm Impact Realization Rates 

By Business Type and Technology Group 

Program and Technolosy Group 
iRetrofit Central AJC 
Express Adjustable Speed Drives 

Package Terminal AJC 
Set-Back Thermostat 
lReflective Window Film 
[Water Chillers 

REO 

IOther HVAC Technologies 
I 

Retrofit Express Program Total 
iAdjustab e Speed Drives 
Water Chillers 

APO 

Cooling Towers 
,High Efficiency Gas Boilers 

Retrofit Efficiency Options Program Total 
Water Chillers 
Customized EMS 
Customized Controls 
Convert To VAV 
Other Customized Equip 
Other HVAC Technologies 

Advanced Performance Options Prosram Total 
Total 

> 

QJ ~ _  ~ 0 QJ 
u _~ o u 

0.91 

1.00 

0.96 

II °-961 

1.00 

1.00 

1.00 

I 1 . o o l  I I - 

u4 u 

U o ~ ..~ -.. .=  = 

o 
Z Z 

0.87 

0.10 

I o.Io I 

1.00 
1.00 

1.00 

1.00 

1.00 
1.00 

I 1.00 

. m  
Total 

1.00 
1.00 
1.00 
0.25 
0.90 

1.00 
1.00 
0.85 

II o.8~ 



Attachment 3-23 
Commercial HVAC Net-to-Gross Adjustments for Therm Impacts 

By Business Type and Technology Group 

._> 
c 

Program a n d  Technology Group © ~ ~ ~ ~ o~ =z 

Retrofit Central A/C 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 

Package Terminal A/C 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 
Reflective Window Film 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 
Other HVAC Tech nolog~es 0.14 0.14 0.14 0.14 0.14 0.14 0.14 

Retrofit Express Program Total , - - "  .+ 

REO Adjustable Speed Drives '0.7'3 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 
Coolin B Towers 0.90 0.90 0.90 0.90 0.90 0.90 0.90 
H h Eff~cie~hh Efficiently Gas Bo lers 0.90 0.90 0.90 0.90 0.90 0.90 0.90 

Retr0fit Efficienc O ~ r a m  Total ~ R E ~  ~ i ~  ~ 

~PO Water Chillers 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 
Customized Controls 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 
Other Customized Equip 0.90 0.90 0.90 0.90 0.90 0.90 0.90 
Other HVAC Technologies 0.90 0.90 0.90 0.90 0.90 0.90 0.90 

Advancpd Ppdnrrn~nrp ~nfinn~ Prnararn Tn/ul i 1 1 1 ~  I I I t ~ i ~  - -  , I I i ~ I ~ f i  

Total 

.~ • m E o .~_ 

0.59 0.59 0.59 0.59 0.59 

0.73 0.73 0.73 0.73 0.73 

1.04 1.04 1.04 1.04 1.04 
0 . 7 0  0 . 7 0  0 . 7 0  0 . 7 0  0 . 7 0  

0.36 0.36 0.36 0.36 0.36 
0.90 0.90 0.90 0.90 0.90 
0.]4 0.14 0 . 1 4  0 . 1 4  0 . 1 4  

[ - - ~ ,  
T I 

0.73' ---+ 0.73 0,73 0,73 0,73 I 
0.90 0.90 • 0.90 0.90 0.90 
0 . 9 0  0 . 9 0  0 . 9 0  0 . 9 0  0 . 9 0  

Om90 I 0 1 9 0 1  0 ' 9 0 1  0 1 9 0 1  0"90 

m m m m m  
m m m m m  
i l ~ l l i  i l ~ I l l i l ~ I l l  R e F i l l  i l ~ I l i  

g u n n e l  

. " ~ II :+ . " I I -  " . . ~  .'+ 11 i!fJ~'~l~'['l] : l l . i :  ~L -+ 

T o t a l  

TT--,-:~-TT7 

i Q ! Z ~ i  
'II[0~. I 



Attachment 3-24 
Commercial HVAC Ex Post Net Therm Impacts 

By Business Type and Technology Group 

Program and Technology Group 
Retrofit Central A/C 
Express Adjustable Speed Drives 

PackaBe Terminal A/C 
Set-Back Thermostat 
Reflective Window Film 
Water Chillers 

REO 

Other HVAC Technologies 
Retrofit Express Program Total 
Adjustable Speed Drives 
Water Chillers 

APO 

Coolin 8 Towers 
High Efficiency Gas Boilers 

Retrofit Efficiency, Options Program Total 
Water Chillers 
Customized EMS 
Customized Controls 
Convert To VAV 
Other Customized Equip 

;Other HVAC Technologies 
Advanced Performance Options Program Total 

Total  

8 
O 

._> ~ ..~ ~ >u 

= cu 8 ~ ~ 8 

u ~ ~ ~ I ~ ~ u 

43,322 

69,482 

112,804 

11112,804 

0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 

24,145 
7,707 

165,753 

0 189,898 0 0 0 7,707 

0 I 189,8981 0 ] 0 I 0 7,707 

2,261 
2,261 

0 0 0 

I 0 I 0 12,261 

0 
80,741 

48,289 
129,030 
12%030 

Tota I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2,261 
2,261 

80,741 
24,145 
51,030 

0 
235,234 
48,289 

439,440 
[1 441,701 

/ 



Attachment 3-25 
Commercial HVAC Net Therm Impact Realization Rates 

By Business Type and Technology Group 

Program and Technolosy Group 

Retrofit Central A/C 
Express Adjustable Speed Drives 

Package Terminal A/C 
Set-Back Thermostat 
Reflective Window Film 
Water Chillers 

REO 

Other HVAC Technologies 
Retrofit Express Program Total 

Adjustable Speed Drives 
Water Chillers 

APO 

Cooling Towers 
High Efficiency Gas Boilers 

Retrofit Efficiency Options Program Tota[ 

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

Advanced Performance Options Prosram Total 
Total 

> 
. _  ~ 

o ~ ~ ~ u ~ o -~ 

- 

- 

- 1.20 
1.09 - 1.05 

1.20 - 1.20 

1.16 - 1.20 0.11 

II 1-161 - 11.2oi  I I o.111 

1.20 
1.20 

I 1.20 

i 

1.20 

1.20 
1.20 

I 1.20 

Total 

1.20 
1.20 

1.20 
0.30 
1.08 

I .20 

I .20 

1.02 

II 1.02 



Attachment 3-26 
Commercial HVAC Measures 

Measure Code Key 

s s  and Technolosy Group 

PG&E Measure Classification 

Measure Code Action Code 
Retrofit Express Program 

Central AJC S2, $I 60-$I 63 

Adjustable Speed Drives $22 

Package Terminal AIC S6 

Programmable Thermostat $I 7, $I 8 

Reflective Window Film $20 

Water Chiller $I 2, Sl 3 

Other HVAC Technologies $21 

Retrofit Efficiency Options Program 

Adjustable Speed Drives $89, $90, S92, $93 

Water Chillers $97, $98, $99 

Cooling Tower $94, $96 

High Efficiency Gas Chillers $I00 

Advanced Performance Options Program 

Water Chillers SO 232 

Customized EMS SO 204 

Customized Controls SO 201 

Convert to VAV SO 230 

Other Customized Equipment SO 299 

Other HVAC Technologies SO 234, 271 



Attachment 3=27 
Time-of-Use Impact Distribution by Costing Period 

PG&E Cost Period 

Summer On-Peak: 

May 1 to Oct. 31 

12:00 PM - 6:00 PM Weekdays 

Summer Partial Peak: 

May 1 to Oct. 31 

8:30 AM - 12:00 PM & 

6:00 PM - 9:30 PM Weekdays 

Summer Off-Peak: 

May to Oct. 31 

9:30 PM - 8:30 AM 

Winter Partial Peak: 

Nov. 1 to April 31 

8:30 AM - 9:30 PM Weekdays 

Winter Off-Peak: 

Nov. 1 to April 31 

9:30 PM - 8:30 AM Other 

Time-of-Use Impact Distribution 

kW Adjustment Factor kWh Adjustment Factor 

1.0000 

0.9020 

0.5320 

0.5150 

0.4300 

0.1320 

0.1320 

0.2990 

0.2620 

0.1750 



Attachment 4 

Protocol Tables 6 and 7 



PROTOCOL TABLES 6 AND 7 

PRE-1998 COMMERCIAL EEl 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: 

• 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 
Item 

Number Description 

1 .At 
Pre-installation usage, Base usage, and Base usage per 
desisnated unit* of measurement. 

1 .B'f 
Impact Year usage, Impact year usage per designated unit* of 
measurement. 

Gross Peak kW (Demand) Impacts 
Gross kWh (Energy)Impacts 
Gross thin (Therm) Impacts 
Net Peak kW (Demand) Impacts 
Net kWh (Energy) Impacts 
Net thm (Therm) Impacts 
Per designated unit* Gross Demand (kW) Impacts 
Per designated unit* Gross Energy (kWh) Impacts 
Per designated unit Gross Therm Impacts 
Per designated unit* Net Demand (kW) Impacts 
Per designated unit* Net Energy (kWh) Impacts 
Per desisnated unit Net Therm Impacts 

2.A 

2.B 

2.C$ 

2.D 

Percent change in usage (relative to base usage) of the 
participant 8roup and comparison [~roup. 
Gross Demand Realization Rate 
Gross Energy Realization Rate 
Gross Therm Realization Rate 
Net Demand Realization Rate 
Net Energy Realization Rate 
Net Therm Realization Rate 

3.A 

3.B 

Net-to-Gross ratio based on Avs. Load Impacts 
Net-to-Gross ratio based on Avg. Load Impacts per 
designated unit* of measurement. 

3.C't" 
Net-to-Gross ratio based on Avg. Load Impacts as a percent 
change from base usage 

4.A Pre-installation Avg. (mean) Sq. Foot (participant group) 
Pre-installation Avg. (mean) Sq. Foot (comparison group) 

Relative Precision 
90% 80% 

Estimate Confidence Confidence 

N/A N/A N/A 

N/A N/A N/A 

3,538 95% 74% 
13,659,972 94% 73% 

489,681 95% 74% 
3,071 96% 75% 

11,865,436 95% 74% 
441,701 96% 75% 
0.00018 95% 74% 
0.71097 94% 73% 
0.02549 95% 74% 
0.00016 96% 75% 
0.61757 95% 74% 
0.02299 96% 75% 

N/A N/A N/A 

1.120 "95% 74% 
0.661 94% 73% 
0.850 95% 74% 
1.293 96% 75% 
0.764 95% 74% 
1.023 96% 75% 
0.869 15% 12% 

0.869 15% 12% 

N/A N/A N/A 

140,474 29.7% 23.1% 
66,642 16.2% 12.6% 

, . . 4~ !  i , 

, r 

, . t  7 ,  ~ . . ,  '~ , ,  

' . ~ L  . t  ¢ -  ' • ; ,  - , .  

Pre-installation Avg. Hours of Operation (participant group) 

4.B 
Pre-installation Avg. Hours of Operation (comparison 8roup) 
Post-installation Avg. (mean) Sq. Foot (participant group) 
Post-installation Avg. (mean) Sq. Foot (comparison group) 

141,288 29.5% 23.0% 
67,031 16.2% 12.6% 

Post-installation Avg. Hours of Operation (participant group) 

Post-installation Avg. Hours of Operation (comparison group) 

f The change model estimates of impact did not require an evaluation of base usage 
" The per designated unit used was Sq. Ft. 

~Shaded ceils were not evaluated because per designated unit caJculations did not use these estimates. 

• !i '~ ij~: ..% ~ ,~i 



Protocol Table 6 
Item 6: HVAC Measure Count Data 

PG&E Study ID #404B 

Program and Technology Group Description 
Retrofit Express Program 

Central A/C 
Adjustable Speed Drives 
Package Terminal A/C 
Set-Back Thermostat 
Reflective Window Film 
Water Chillers 
Other HVAC Technologies 

Total for Retrofit Express: 
Retrofit Efficiency Options Program 

Adjustable Speed Drives 
Water Chillers 
Cooling Towers 
High Efficiency Gas Boilers 

Total for REO: 
Advanced Performance Options Program 

Water Chillers 
Customized EMS 
Customized Controls 
Convert to VAV 
Other Customized Equipment 
Other HVAC Technologies 

Total for APO: 
TOTAL: 

Number of Measures Paid in 1997 

All Participants 
(Item 6.B) 

149 
25 
188 
58 

15,439 
2 
6 

15,867 

13 

11 
7 
5 
2 
5 
2 

32 
15,912 

Participant Sample 
(Item 6.A) 

113 
15 
88 
58 

7,854 
2 
6 

8,136 

18 
8,160 

Comparison Group 
(Item 6.C) 

1,444 
0 

137 
23 
0 
25 
163 

1,792 

0 

0 

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/U n iv 8 6% 

School 7 5% 
Grocery I I% 
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) 

652 

701 

822 

581 

821 

737 

806 

922 

866 

650 

799 

921 

431 

602 

631 

738 

754 

8O4 

8O5 

8O9 

823 

919 

74 

75 

254 

422 

514 

525 

531 

551 

571 

592 

593 

633 

653 

723 

732 

791 

835 

# of Part. % of Part. 

34 24.8% 

8 5.8% 

8 5.8% 

7 5.1% 

7 5.1% 

6 4.4% 

6 4.4% 

5 3.6% 

4 2.9% 

3 2.2% 

3 2.2% 

3 2.2% 

2 1.5% 

2 1.5% 

2 1.5% 

2 1.5% 

2 1.5% 

2 1.5% 

2 1.5% 

2 1.5% 

2 1.5% 

2 1.5% 

1 0.7% 

1 0.7% 

1 0 . 7 %  
1 0 . 7 %  

1 0.7% 

1 0.7% 

1 0.7% 

1 0.7% 

1 0.7% 

1 0.7% 

1 0 . 7 %  

1 0.7% 

1 0 . 7 %  
1 0 . 7 %  

1 0 . 7 %  

1 0.7% 

1 0.7% 



Protocol Table 6 
Item 7.B: HVAC Market Segment Data 

by 3-Digit SIC Code 
PG&E Study ID # 404B 

Industry (3-Digit SIC Code) 
HVAC 

# 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 EEl PROGRAM CARRY-OVER 
EVALUATION OF HVAC TECHNOLOGIES 

PG&E STUDY ID #404B 

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 

I. 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 

Quantu Consulting Inc. 1 Protocol Table 7 



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 Grou p 

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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PG&E Bill ing 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. 1 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 

1 A prel iminary 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 
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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 bi l l ing 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 ANAL YSIS 

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. 

Quantum Consulting Inc. 8 Protocol Table 7 



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 Parameter Analysis Units t-Statistic Sample Size 
Variable Name Estimate 

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 -1.01 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_CHG7 kWh -0.019670 -0.72 18 
Part HVAC Changes AC CHG7 kWh -0.064773 -2.53 28 
Part Other Equipment Changes  OTH_CHG7 kWh -0.025256 -0.38 4 
Part Square Footage Changes SQFT_CH7 # 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_NON7 kWh -0.035692 -1.86 42 
Nonpart Square Footage Changes SQFT NO7 # Sqft*kWh -1.012276 -1.60 20 
Nonpart Employee Changes 
Nonpart EMS Changes 

EMP_NON7 # Emp*kWh 332.980301 3.38 598 
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 mult iple 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 
imp'lemented 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 audi tor /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 !mpact of random unbiased measurement  errors was accounted 
for as part of the overall s tandard 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, J. "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: 

* First, NTG ratios, N i, were computed for all technology groups that were represented in 
the telephone survey. 
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Then, the p rogram level NTG and program level s tandard  error for the NTG were 
calculated using the classic stratified sample  techniques. The p rogram level NTG was a 
weighted  average of technology level NTG values wi th  adjusted gross impacts per 
technology group provid ing  the weights.  4 The functional relation can be best described 
in the following equations: 

N = ~ i  w~ * N~ w i t h  wj = MWhi 

StdErrNT~=3/~. [(wj)2*StdErr~2 ] 

Where, 

N T G  = Net-to-Gross Value; 

i = Technology Group i; and, 

w i = Weight  of technology group i. 

Then, the relative precision 5 for the p rogram 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: 

RPu7~ L.:,,~ = G=to * StdErr  
-" N e t M l Y h  

RPN,,,.:,,,,~ ~ = ~ RPJm_,.:,,, ~ + RP~=.,..,.,;,,,~ 

Finally, the relative precision net d e m a n d  impacts were calculated using a scaled 
version of the relative precision for the net  energy impact. The sample  sizes of the on- 
site audits  and te lephone surveys served as the scalars: 

/ 
No,,s.~ 

RPN~,o¢,,,,,d = RPNen.:,¢,xv * I 

Per-unit  NTG relative precision data appear ing  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. 

Quantum Consulting Inc. 16 Protocol Table 7 



Attachment 5 

PG&E Retroactive Waiver for Pre-1998 CEEI Program Carry-Over: 

Lighting and HVAC End Uses, Net-to-Gross Analysis 



P A C I F I C  GAS & E L E C T R I C  C O M P A N Y  
R E T R O A C T I V E  W A I V E R  F O R  

Pre-1998 C E E I  P R O G R A M  C A R R Y - O V E R :  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 

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% 

474 100.0% TOTAL (Unique Sites) 8,844,997 

Pre-1998 Program Car ry-Over  Summary:  HVAC End Use 

, , .  • 

Adjustable Speed Drives 20 456,485 4.7% 
Central A/C 63 251,301 2.6% 
Convert To VAV 2 222,348 2.3% 
Cooling Towers 4 167,833 1.75"0 
Customized Controls 5 304,060 3. 1% 
Customized EMS 13 1,0 i 2,859 10.4% 
High Efficiency Gas Boilers I " 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% 

164 TOTAL (Unique Sites) 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 I 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_coml earry-over~waive~kntg waiver_rev.doc - 04129/1999 

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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