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1995 Industrial Energy Efficiency Incentives Program
First Year Load Impact Evaluation Study ID No. 962

Section 1

Executive Summary

This is an evaluation of the 1995 Prograﬁ Year (PY95) first year load impacts for SDG&E’s industrial
customers, who are a subset of the nonresidential customers that participated in SDG&E’s 1995 Commercfal/
Industrial/Agricultural (C/I/A) Energy Efficiency Incentives (EEI) Programs. The C/I/A EEI Programs help
customers reduce energy costs and increase energy efficiency at their facilities. There are three major end uses
covered by this report: (1) lighting, (2) motors, and (3) industrial process.

The lighting study employed a load impact regression model. The results show that the realization rate for
the gross load impacts was 119.8%. The net-to-gross ratio of 89.0% was taken from the commercial lighting results
from SDG&E’s
February 1997, Study ID No. 959.

The industrial process and motors end use evaluations completed by Xenergy entail on-site verifications of
the ex ante engineering assumptions. The gross energy impact realizations rates for industrial process and motors
were both 101 %. The net-to-gross ratios were 85% for industrial process and 29 % for motors.

The IEEI Program study results shown in the designated unit of measurement for each end use are as

follows:
Table 1
Study Results for the IEEI Programs
End Use - Industrial Energy Realization Demand Realization | Net-to-Gross
Participants Savings! Rate Savings' Rate Ratio
(kWh) - (kW)

Indoor Lighting 56 0.31 77.5% 0.16 41.0% 89 %
Motors 38 105.40 101.0% 0.20 110.0% 29%
Process 12 846,260 101.0% 97.39 61.0% 85%

1 Lighting DUOM: load impacts per square foot per 1000 hours of operation

Process DUOM: load impacts per project
Motors DUOM: load impacts per hp
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The report is organized into several sections.
Section 2: Study Overview: This section presents the program description, a discussion of the participant database

and data collection.

Section 3: Indoor Lighting Study: This section discusses the regression models and results obtained for the first
year load impact study for lighting. ‘

Section 4: Industrial Process & Motors Study by XENERGY: This section contains the first year load impact
study for industrial processes conducted by XENERGY

Appendices: This section contains all the appendices referenced throughout the report, and the M&E Protocols
Reporting Requirements Tables 6 and 7 for the various end uses.
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Section 2
Study Overview

Program Description

San Diego Gas & Electric offers the C/I/A EEI Programs to help customers reduce energy costs and
increase energy efficiency at their facilities. The C/I/A EEI Programs, supported through audit programs, energy
services representatives, and account executives, provide cost-effective DSM energy savings when existing
customers have retrofit opportunities. SDG&E has three main market delivery mechanisms for providing
incentives for retrofit or replace-on-burnout applications: (1) Commercial/Industrial (C/I) Incentives Program,

(2) Power to Save Program, and (3) Commercial Rebates Programs. Through this marketing strategy, SDG&E is
provided the flexibility needed to encourage the adoption of energy efficient measures that would not otherwise be
installed by customers due to economic market barriers.

C/IIncentives. This program typically targets large customers where SDG&E’s account executives are
involved in assisting customers with major retrofit applications. This program offers incentives to customers for
the installation of standard mechanical and complex custom energy efficient measures. Energy efficient measures
that have been identified as cost-effective when applied to specific building types are categorized as standard
measures. Incentives are also available for measures on a customized basis, providing the project meets the
program cost-effectiveness tests. Energy savings are determined and reviewed by SDG&E’s engineering staff.
Additionally, for further verification, an outside consulting engineering firm performs semi-annual reviews of the
completed job files.

Power to Save. This marketing strategy offers incentives to customers for the installation of energy
efficient lighting and mechanical technologies. This full service strategy focuses on standard and custom lighting
applications, as well as less complex standard and custom mechanical applications for all sizes of commercial and
industrial customers, but tends to accommodate medium/small commercial/industrial customers.

Customer participation begins with an energy audit and recommendations for energy efficient equipment
based on audit results. Customers are encouraged to participate in this program by installing cost-effective energy
efficient measures and receiving incentives for those measures.

Commercial Rebates. These rebates are delivered through retailers/wholesalers who give the commer-
cial/industrial/agricultural customer an instant incentive at the point of purchase. This program offers rebates to
these customers for the following measures: (1) high efficiency refrigerators, (2) compact fluorescent lamps,

(3) other energy efficient lighting technologies, (4) energy efficient motors, and (5) HVAC measures.
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Sampling & Data Collection for the Lighting End Use
This section describes only the lighting end use of SDG&E’s Industrial EEI Program.

Data Collection
Data for the impact analysis were obtained from the following major sources:

» . Customer name, address, lighting square footage, lighting hours of operation, and installation
date from the program tracking database;

e Consumption history from the Customer Master File;

¢ Information on other changes for all assigned customers in the participant group were obtained
from a survey conducted on the account executives; and

e Hourly weather data for three climate zones from NOAA files.

The followihg diagram describes the flow of data into the final new impact results:

Data Flow Diagram

[Participant Customer
Group Master File

NOAA
Weather

¥

AE Survey

Billing
Analysis

Participant Database
A total of 56 industrial customers were identified who installed only indoor lighting measures in the 1995

commercial/industrial database for the lighting load impact study.

Account Executive Survey

SDG&E conducted an internal survey of all account executives who had responsibility for customers that
installed DSM measures in program year 1995. The survey was used to identify any impacts on consumption due
to any changes (DSM or non-DSM) with respect to the company that may impact the way the company used energy
from January 1993 through September 1995, which covers the study period. A copy of the survey instrument is in
Appendix B

A total of 1777 surveys for both commercial and industrial customers were sent out to all SDG&E Market-

ing account executives with a cover letter explaining the survey. Approximately 9 percent (5 out of 56 partici-
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pants) of the industrial lighting participants were reported to have some type of change to the company (hiring,
layoffs, elimination of shifts, addition of shifts, or other) or changes to equipment (HVAC, lighting, process,
refrigeration, or other). This information was incorporated in the analysis for lighting.

Billing and Weather Data

Hourly weather data were estimated from daily highs and lows from NOAA data files and converted to
heating and cooling degrechours (with a base of 65 degrees Fahrenheit). These were matched to consumption data
from the Customer Master File by billing cycle and climate zone for each household.

Long-term averages for cooling degree hours and cooling degree days are used for weather-normalization
purposes in the regression models. These are the average cooling degree hours and cooling degree days covering a
period of 14 years dating back to 1983. ‘

For each customer in the participant group, consumption data and weather data gathered for use in the
analysis covered the period beginning January 1993 through October 1995. Each customer’s consumption and
weather data were further reduced to meet the Protocols data requirement of twelve months pre-installation and
nine months post-instaliation data. Customers that did not meet this data requirement were removed from the
analysis. The following table illustrates data attrition for the participant group.

Table 2
Study Group Pre-Regression Attrition

Status Participants
Starting Study Group 56
Billing Data Available 55
Sufficient Pre/Post Data 50

Industrial Lighting Net-to-Gross Ratio

The M&E Protocols do not require a comparison group to determine the net-to-gross ratio for the load
impacts of industrial end uses. SDG&E has derived a net-to-gross ratio in its 1993 Commercial Energy Efficiency
Incentives Program First Year Load Impact Evaluation Study, February 1997, Study ID No. 959. This was the net-
to-gross ratio that was applied to derive the net-to-gross ratio for the industrial lighting load impacts. SDG&E
chose to use the net-to-gross ratio developed for the commercial lighting end use because of the small number of
industrial participants and the similarity of the application of the lighting measures between the commercial
participants and the industrial participants.
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Section 3
Indoor Lighting Study
The General Model

The Individual Elements of the General Model

For customer i and month t, the general regression model is,
Equation 1 (The General Structure of the Regression Equation)
kWh,, = X, + W, +S§; +e¢;
The dependent variable kWh,, is the monthly energy consumption for customer i, normalized for the length of the

billing cycle.
A trend term and a zero-one indicator variable (for other reported changes in monthly consumption) are

included in the model, as well as an additional component based on the indicator variable d :

Equation 2 (The Non-Weather/N on-DSM Portion of the Regression Equation)

X;, = Boi +Bu(t) + Aﬁoi(d’i(c)

Before estimating the model, customers (both participants and nonparticipants) were surveyed for any
significant changes in their level of energy consumption. The indicator variable d} can be appropriately defined
at the customer level. This variable takes on the value 0 when there is no reported non-DSM change at the
customer site. It is 1 starting from the date of a reported change. This data was gathered throﬁgh the account
executive survey of participants. As for the comparison group, the data was obtained both from the on-site audits
and from the account executive survey. The coefficient AB,; can then be estimated, allowing us to adjust the
regression for changes in expected consumption unrelated to the DSM installation under consideration.

Cooling-degrechours and cooling-hours make up the weather-sensitive portion of the model:

Equation 3 (The Weather Portion of the Regression Equation)

W, = Ba(cdhy ) +Bs;(chy)
The cooling-degreehour variable is the sum of the cooling degrees for the corresponding normalized bill-
ing month. The cooling-hours variable is the estimated number of hours for which cooling has occurred, so that

the term P3; (chj¢) represents the interaction between the lighting and space cooling end uses.
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For customer i, DSM contract j is associated with the weather-normalized ex ante estimate of monthly

energy savings F;. The statistical estimate for monthly savings S, is,
Equation 4 (The DSM Portion of the Model)
Sy = Zsijt
j
Sij = (‘Ylij +7¥ g5cdhy +'Y3ijChit)dijtFij
The term, (y 1 + 7 256dhy +7¥3;¢h it) is the estimated realization rate for contract j, generated in the

regression by the indicator variable d;; depending on the date of DSM installation,
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The Lighting Regression Model

For the lighting model, the cooling-degrechour variable is suppressed, so that y,; = 0. We assume that

the realization rate is constant across contracts (within customers):

Y1 =i
Ysij(c_hi)=73i(°—hi)

given the long-term average value chi. After a significant rearrangement of terms,

Sit={y,i+y3i(c_hi)}[;dij‘FiJ fra(a: )}(Chn )[de }

A final transformation of the DSM portion of the model will allow us to maintain consistency between the

participant regression results and the nonparticipant regression results. We define the scaled ex ante estimate F;,

L] Fij
Fy= Pt k; = mf‘xzdijtFij
]

Y
i

S ={ru +y3i(c—hi)}k{;dmﬁ} {ri(chik; }( )[Zd,ﬁ ]

When a single customer has only a single contract, it follows that Fi; =1, and the model degenerates into
a fairly simple model based on a straightforward zero-one indicator variable. However, the real importance of this

last transformation stems from the fact that the regression coefficient {y“ +7y (Ei )}ki is in units of monthly

kWh. This allows for consistency when we move on to the nonparticipant model where there are no ex ante

estimates of savings.

Final Regression Components with Transformed Variables

Further linear transformations of the regressors in the model gives,

Equation S (The Transformed Non-Weather/Non-DSM Portion of the Lighting Regression Equation)
X =Boi +Bult-t¥)+ Aﬁoi(dﬁ)

Equation 6 (The Transformed Weather Portion of the Lighting Regression Equation)

onl ()
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Equation 7 (The Transformed DSM Portion of the Lighting Regression Model)

o R

where ﬁ;i is the new intercept determined by the various transformations. Clearly, Bo; can be interpreted as the
weather-normalized value for monthly kWh consumption, prior to the DSM installation, evaluated along the trend
at month t* (taken to be December, 1995).

Derivation of the Designated Unit of Measurement (DUOM) from the Lighting
Gross-Impact Regression Model

The key regression result will be the single regression coefficient {y i+ Y3 (ﬁi )}ki , generated by the

regressor Z dij,Fi; . This coefficient represents the monthly kWh load impact. As a result, the load impact, per
i

square foot, per thousand hours of operation is,

Equation 8 (The Designated Unit of Measurement for Lighting Participants)

(12 months) x (1,000 hours) > {y,i +73 (Eﬁi )}ki
DUOMP* = =

() o

iepart

The sample-wide realization rate for the ex ante energy estimates can also be calculated:

ig.:n{y“ "”Ysi(c_hi)}ki
= Zki

iepart

Estimation

Data

After screening for required pre-installation data (12 months) and required post-installation data
(9 months), 50 participating customers were subjected to regression analysis. The sample was further reduced,
based on four other criteria. First, those customers who also had contact with the company’s PY95 Nonresidential
New Construction (NRNC) Program were eliminated. Second, some customers who had lighting retrofits were
also associated with other aggregate retrofit contracts for which the energy savings estimates could not be disag-

gregated. Third, a portion of the sample did not satisfy a root-mean-squared-error (RMSE) criterion, explained in
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the next section. Lastly, customers whose ex ante savings estimate was less than 1% of the estimated normalized
average monthly consumption were eliminated (1% savings criterion).

Table 3
Determination of Regression Participant Sample

Customer Customer Satisfies RMSE | Ex ante savings Industrial
involved in 1995 involved in Criterion greater than 1% of] Sector
NRNC program | individual and normalized energy

aggregate contract consumption
no no yes no 9
no no no yes 3
no no no no 1
no yes yes yes - 0
no yes no yes 0
yes no yes yes 1
yes no yes no 2
yes no no yes 0
yes yes yes yes 0
yes yes no yes 0
[Grand Total 50
Estimation Methods

The model specified in Equation 1, and Equation 5-Equation 7 was estimated at the customer level for
participants. The exact month for the retrofit installation was weighted out of the regression.

Once the regressions were completed, an additional filter, the RMSE criterion, was applied. This stems
from the fact that within the broad and complicated setting of commercial and industrial energy consumption, a
fairly simple tool like regression analysis will not perform with uniform success; a fraction of the regressions
simply will not “work” (the specified model will not be a reasonable approximation to reality). Asaresult, a
reasonable and systematic criterion must be put in place for which there is a high probability of omitting unreason-

able regression results. Along these lines, a ratio was calculated for each customer by dividing the root-mean-
squared error for the regression by the intercept B;i . This ratio is very likely to be large when a regression simply

fails, since inadequacies in the specification of the model for a particular customer will result in excessively large

estimated regression errors. Within the analysis, regressions were omitted where this ratio was greater than 15%.
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Lighting Load Impact Results

Lighting Energy Load Impact Estimates
Table 4 summarizes estimated lighting energy load impacts based on the participant model.

Table 4
Lighting Results
Savings
greater No Have
than 1% Parameter sqft data sqft data Grand Total
Industrial
Participants

No Total Estimated Impact (kWh per month) 5,418 -16,240 -10,822
Variance of Estimate _ 173,113,388 156,491,937] 329,605,325
Total Database Ex Ante Estimate (KWh per month) 1,683 701 2,384
Average Annual Hours 8,372 8,760 8,45
Total Lighted Square Footage 0 35,000} 35,000
Sample Size 7 2 9l

Yes Total Estimated Impact (kWh per month) 30,252 -119,481 -89,229ﬂ
Variance of Estimate 183,894,292| 1,130,665,402| 1,314,559,694
Total Database Ex Ante Estimate (kWh per month) 3,660 110,574 114,233
Average Annual Hours 7,278 4,149 4,425
Total Lighted Square Footage 0 1,102,161 1,102,161
Sample Size 3 31 34
Load Impact (kWh per square foot, per 1,000 hours) -3135
Realization Rate Based on Sample Ex Ante Estimates -827% 108% 78%

Commercial Net-to-Gross! 89.0%

Lighting Demand Load Impact Estimates

The lighting gross demand estimate was derived using the gross energy estimate from the regression
analysis adjusted by the system coincident peak load factor. This system coincident peak load factor is the

weighted load factor from each commercial building type. The weights were determined using the ex ante gross

energy savings by building type reported in the PY95 program database. The load factor from each industrial
building type was obtained from SDG&E’s 1994 Market Segment End Use Report (September 1995). The peak
load factor is the ratio of the average demand (or the total annual energy savings divided by 8760 hours) and the

1 Obtained from the 1995 Commercial Energy Efficiency Incentives Program, First Year Load Impact Evaluation, February 1997, Study ID

No. 939

The Lighting Regression Model
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system coincident peak demand. The following table provides the necessary information to calculate the peak load
factor:

Table §
Lighting Load Factors
Building Type Ex Ante Load Weight | Weighted
Energy Factor Load
Savings Factor
1 Shift Operation 264,439 086 0.201 0.173
2-Shift Operation 1,048,522 0.98 0.799 0.783
Total 1,312,961 1.000 0.956

The estimated gross demand savings is estimated by Equation 9:
Equation 9 (Estimated Participant Demand Savings)

*
Est, Total Demand Savings = (119,481 kWh)*12

=17121kW
8760 hours *0.956
000*171. "
Demand Savings (DUOM) = 1000%17121 k =0155kW
1,102,161 sq. ft

with a realization rate of 38.6% (0.155 kW divided by the ex ante demand savings of 0.40 kW).

The Lighting Regression Model Page 3-7




Section 4

e



1996 Industrial Energy Efficlency Incentives Program
First Year Load Impact Evaluation v Study ID No. 962

Section 4

Industrial Process and Motors
by
XENERGY, Inc.




1995 INDUSTRIAL ENERGY
EFFICIENCY INCENTIVES
PROGRAM

Process and Motor End Uses
FIRST YEAR LOAD IMPACT

EVALUATION
FINAL REPORT

Prepared for

San Diego Gas & Electric
San Diego, California
Prepared by

XENERGY Inc.
San Diego, California

February 1997

XENERGY.

XENERGY Inc. » 4455 Murphy Canyon Road, Suite 220 e San Diego. CA 92123-4338 © (619) 573-1905 « FAX (619) 573-1884




TABLE OF CONTENTS

SECTION 1

SECTION 2

SECTION 3

SECTION 4

INTRODUCTION.........conerrerermremrceniinianns Seveesssasresnrnrirsaeesssaannnaneaas e s anean 11
L1 INrOQUCHION.....coviiiiiciiectniccinestseses e ssese st ebessene s esesssnsabessnsons 1-1
1.2 Report Organmization..........c.ceeveveerieriennininnnnnecnssseessesessesnssesesesesesssesesenes I-1
RESULTS ..o cicnemnnnimninciiisessssnssiisesensesassssssunssrssnsessassssensanssasenssassnsns 21
2.1 OVEIVIEW ...ttt csee s ee e san st see st esbesssesnesaessasssesensssnnesesnensas 2-1
2.2 Process Measures: Ex Post Load Impact Estimates.............ccocovveerereerreerennnne 2-1
2.2.1 Overview - Process Measures...........couvveeeeveesrenereereerennneneserenesnens 2-1
2.2.2 Load Impact Estimates: Process Measures...........ccoceeeevereeeeerennonnen. 2-3
2.2.3 Net-To-Gross: Process Measures...........oceeereereevvrnreerereesnsseserensnesenns 2-5
2.3 Motor Measures: Ex Post Load Impact Estimates..........c.ooeveeveveirennrennnns 2-8
METHODOLOGY ....ccciiimmmicnmrmsninmsnisinniissnssssssmseinneesssessesses 3-1
3.1 OVETVIBW ...cveruerurrirerieneeseenersseseseesessessessessaesssseessessesssonsossossessessessssessessonses 3-1
3.2  Ex Post Load Impact Estimation Approach For Industrial Process
MEASUTES ....c.eeveiiieirienieriteierrtesressestesaesee s enresaesaaeseessessesseesnessensennensensesnoneans 3-1
3.2.1 Task 1: Gather Available Site Data.........c..cccereerrveveererecrerineerererennns 3-1
3.2.2 Task 2: Develop Site Evaluation Plan ............ccoceveeevrereeererenenenenne 3-1
3.2.3 Task 3: Conduct Site-Specific Analysis of IEEI Program
PIOJECLS. ..o iiiriiitnirerenetetnes ettt r s saen s s et e e sreneas 3-4
3.2.4 Task 4: Estimate Total Gross IMmpacts .........c.ccoeevvereererveeenennerenvennans 3-4
3.2.5 Task5: Determine Total Net Impacts.........ccceceererrueeeeerrcrncrereennnnn, 3-5
3.3 Ex Post Load Impact Estimation Approach For Industrial Motor
MEASUTES ..cveiriiiririiiiititiiesicsie e ste et estesreste s e st essesseeressaessesssssssnensersessensones 3-8
3.3.1  SAMPUNZ cevveniiicerectesctecirtre ettt ne e 3-8
3.3.2 Ex Ante Load Impact Estimation Methodology ..........cccceceveurrenerennnen. 3-8
3.3.3 Ex Post Gross Load Impact Estimation Methodology....................... 3-9
3.3.4  Net-T0o-Gross Ratio......cccceuerreereernriiirernnrennriesnsecsessessesessessesssseseenes 3-10
PROCESS MEASURES .......ccoiirricsrcniennninnscennessssssnsen e s sesseneressseenesssnenee 4-1
4.1 INtrOAUCHION.....cueieieeierrce ettt e e ae e erre b ers e senbennesssrensens 4-1
42  IDNo. 7259 - Air Compressor Replacement............ccccouvveerververnenrenrenverneseenns 4-1
4.2.1 Facility Information .........ccecevevevernrenenecenrenrereeeeceeeeeneeeeeressssenesens 4-1
4.2.2 Ex Ante Load Impact ESmation ...........c..ceuveeveeerierereerereeseennsenserenns 4-1
4.2.3 Ex Post Load Impact EStimation...........ccccceueeveeiinecveenrirercernnesenenens 4-2
42.4 Comparison of Ex Ante and Ex Post Impact Estimate...................... 4-4
4.2.5 Persistence of the MEasure..........ccccevveereerervernieeernecreseerereeseeseeesennene 4-5




TABLE OF CONTENTS

43

44

4.5

4.6

4.7

4.8

4.9

ID No. 13671 - Upgrade Air COMPIESSOIS ......ecveeverviseresesuesisineessessssassassans 4-5
4.3.1 Facility Information ..........coeeeeveveenreveneeiineiiniiiineiceeeecneessenns 4-5
4.3.2 Ex Ante Load Impact Estimation ...........cc.coceviervicrinvenncninniicnnennnn 4-5
4.3.3 Ex Post Load Impact EStimation........c.ccecvevcerenvenieneenencncsnnncncnnnnns 4-6
4.3.4 Comparison of Ex Ante and Ex Post Impact Estimate....................... 4-8
4.3.5 Persistence of the Measure........c..coceevrcrerieeninnnencennnnennecinsinennes 4-9
ID No. 13792A - Covers On Melting Pots ........cccoevevrvcervenniinninnncininnncinan 4-9
4.4.1 Facility Information ..........cocevercieviricriiiiinnnniinineneieneineennenn 4-9
4.4.2 Ex Ante Load Impact EStimation ........c..ccocvevvvnniivnmnnnienieneeennenns 4-9
4.4.3 Ex Post Load Impact EStimation...........cceverereeevencrecenenssesineesennens 4-10
4.4.4 Comparison of Ex Ante and Ex Post Impact Estimates................... 4-11
4.4.5 Persistence of the Measure...........covevveevveirvncinecnnensenncnieninnninen, 4-12
ID No. 13792B - Upgrade Process Furnace.........c.ccccccenmenivnvnnvenennicniinnenns 4-12
4.5.1 Facility Information .......cc.ceeeruereenrenecrienuenecrenenneessesessesisesesnsanes 4-12
4.5.2 Ex Ante Load Impact EStimation .........c.cceccevveeneecnevennernnnncnnennnnns 4-13
4.5.3 Ex Post Load Impact Estimation..........cc.ccecveevenrinicninnennineinninns 4-14
4.5.4 Comparison of Ex Ante and Ex Post Impact Estimates................... 4-16
4.5.5 Persistence of the MEasure........cccvverveveinreeiecenrereeereressresessssesens 4-17
ID No. 13893 - Conversion of Cleaning Process........c.ccoevvvevivviiiniisennennn. 4-17
4.6.1 TFacility Information ..........cccverrrverenrerenreererennenensscsiseessecsasssesesnens 4-17
4.6.2 Ex Ante Load Impact EStimation .........ceceeceeveereenreneereencnsennesieninnens 4-17
4.6.3 Ex Post Load Impact EStImation.........cccceeeerneevcrsersneccsnesiinecenenne 4-18
4.6.4 Comparison of Ex Ante and Ex Post Impact Estimates ................... 4-21
4.6.5 Persistence of the Measure...........cocceveerverrveecreenennnenserennnnnnnenenn, 4-21
ID No. 13968 - Solid State Frequency Converter.........c.ccceeievininnicrennennnns 4-22
4.7.1 Facility Information .........cccoeceveevniiinvcininnnnnnceninicneeseeerenens 4-22
472 Ex Ante Load Impact ESMAtion ..........ceceeeueeevererrnrerencsecssuneseunenens 4-22
4.7.3 Ex Post Load Impact EStimation...........ccocuveereennneniensenicnencncsinennnns 4-23
47.4 Comparison of Ex Ante and Ex Post Impact Estimates ................... 4-24
4.7.5 Persistence of the Measure..........c.eccevveertrreerieniinnnnenceninenenienineas 4-24
ID No. 13976A - Downsize Process Vacuum System.......ccceecemerericerunenne 4-25
4.8.1 Facility Information ........ccccoeveevnmnicineninnniiicnesesneeseneennes 4-25
4.8.2 Ex Ante Load Impact EStimation ..........ccccvveererreesvecerncsieeseninnsnenianins 4-25
4.8.3 Ex Post Load Impact EStimation..........cccceccevreererienniiiinicnineninnennens 4-26
4.8.4 Comparison of Ex Ante and Ex Post Impact Estimates ................... 4-27
4.8.5 Persistence of the MEasure......coceerveerveereenersreenesninniisenieneesienseens 4-27
ID No. 13976B - Downsize Deionized Water System.........cccervivuiniiiierennens 4-28
4.9.1 Facility Information ........cocceeeeereereerenmreeccrnneercenisiisenssenesens 4-28
49.2 Ex Ante Load Impact Estimation ........cccccecerveenreccncnncnnennnsninicinean. 4-28
4.9.3 Ex Post Load Impact Estimation.........cccceeverecerininsuvsninicniecennienenn, 4-28
49.4 Comparison of Ex Ante and Ex Post Impact Estimates ................... 4-30

i




TABLE OF CONTENTS

4.9.5 Persistence of the Measure..........ccccoveeerereecriirnnienieninonnenenin, 4-31
4.10 ID No. 13976C - Modify Nitrogen Vaporizer ..........ccocoveeververervesensessisserenaes 4-31
4.10.1 Facility Information .........ccceviiiiiriiiinniccneeenenens 4-31
4.10.2 Ex Ante Load Impact Estimation .......cc.ceeveeveeveecernenncsnceenenenseenens 4-31
4.10.3 Ex Post Load Impact Estimation.........c..ccoceeverernnerneniciennecnnecnnene 4-32
4.10.4 Comparison of Ex Ante and Ex Post Impact Estimates ................... 4-33
4.10.5 Persistence of the Measure.........c.ccecevrereenerrenserversesnensscsreseeisnensnens 4-33
4.11 ID No. 13983 - Air Compressor Replacement........c.c.cccovevecenininennnniincinene 4-33
4.11.1 Facility Information .......c.cccecvvvnienncniininnncnincnnieienn, 4-33
4.11.2 Ex Ante Load Impact EStimation ........c.ccceevevvreverneecrenerenseencrscnnannes 4-34
4.11.3 Ex Post Load Impact EStimation..........cccceeeervvecreereeseersenserenenienccnns 4-34
4.11.4 Comparison of Ex Ante and Ex Post Impact Estimates ................... 4-36
4.11.5 Persistence of the Measure..........ccoeeveevuerrienreenrerienseenreesrcsnenerceneenes 4-37
4.12 ID No. 14082 - Downsize Air COMPIESSOT........cccovernriirinrmsecmsnsensesisiosioresnes 4-37
4.12.1 Facility Information .......ccccoeeeeeerenrienienenneneneentsseceeenenrese e 4-37
4.12.2 Ex Ante Load Impact Estimation .........c.cccceveerveniincrnenncnnnnicnnennn 4-37
4.12.3 Ex Post Load Impact Estimation.........ccccoeevrververnevenicnennicnininnn. 4-38
4.12.4 Comparison of Ex Ante and Ex Post Impact Estimates ................... 4-39
4.12.5 Persistence of the Measure.........ccoeeveererrieneneriernenseseniennsienessesnens 4-40
4.13 ID No. 14092 - Downsize Air COMPIeSSOL......coeveenveeueereniriemrirerseessesssessesenins 4-40
4.13.1 Facility Information .......cccccccovvierinnenenincrciiceccecenncecnesienene 4-40
4.13.2 Ex Ante Load Impact Estimation..........cc.cccevrveevuercvennrenrscnciecnceenne, 4-41
4.13.3 Ex Post Load Impact Estimation.........ccceceecervveneenvernerenscnnenninniinnens 4-42
4.13.4 Comparison of Ex Ante and Ex Post Impact Estimates ................... 4-44
4.13.5 Persistence of the Measure.........ccocvecerevrnveernenienninccnninnineneneenn 4-44
4.14 ID No. 14093 - Downsize Air COMPIESSOT.....ccucuuermrmsesensersnesnsenmsensisissessenes 4-45
4.14.1 Facility Information .........cccoceeenrnmnerecninnncnencnnineesneeenn 4-45
4.14.2 Ex Ante Load Impact EStimation .........ccceecerverreeveecernnnerinnercsncnnens 4-45
4.14.3 Ex Post Load Impact Estimation.........cccceverveeniinnienieeniieneccnnernsuene. 4-46
4.14.4 Comparison of Ex Ante and Ex Post Impact Estimates ................... 4-48
4.14.5 Persistence of the Measure......c..ccooevirireecnrinnineniecnnenncnsecnninnienennnes 4-48
4.15ID No. 14115 - Replace Compressed Air Piping.........ccccoveivicniinneriniienncnas 4-48
4.15.1 Facility INfOrmMAtION ..........covvrvcesesieeeseesisessessenssessesssssssssessssanssnss 4-48
4.15.2 Ex Ante Load Impact Estimation ........c.cceveeerreircieninnecccennienienneennes 4-49
4.15.3 Ex Post Load Impact Estimation..........cccecveveereruecrrcircervnisnciennnnns 4-49
4.15.4 Comparison of Ex Ante and Ex Post Impact Estimates ................... 4-51
4.15.5 Persistence of the Measure..........c.coceeevereevimnercenncennnccsrinecniienes 4-51
4.16 ID No. 14116 - Air Compressor Replacement...........cccccceveerrrcenicininniniinieninnnas 4-52
4.16.1 Facility Information ........c.cooeverevnerreeererenniiniinnensncncnieeisesaenns 4-52
4.16.2 Ex Ante Load Impact Estimation .........ccceeevreureveeneineivcninnnenennennnns 4-52
4.16.3 Ex Post Load Impact Estimation..........cccevceerrevceerninnicninnnnnnnenionien, 4-53

iil




TABLE OF CONTENTS

4.16.4 Comparison of Ex Ante and Ex Post Impact Estimate...................... 4-55
4.16.5 Persistence of the Measure.............cccvevereerenrireereeerneniereerensesensesenns 4-55
4.17 ID No. 14127 - Replacement of Hydraulic Drives .........ccccceveeeervervevernereenene. 4-56
4.17.1 Facility Information .........ccocceevveererieceeniecieeeeeeeeeeneereese e eseeseesens 4-56
4.17.2 Ex Ante Load Impact EStIMAtion ...........ccoevovvvvererrenrinreneerrsenresresens 4-56
4.17.3 Ex Post Load Impact EStimation.............cccveuereeinnenrennerennennerennenenn. 4-58
4.17.4 Comparison of Ex Ante and Ex Post Impact Estimate...................... 4-59
4.17.5 Persistence of the Measure...........ooueiervevereevrerencreneeeseeeseeeenes 4-60
4.18 ID No. 14139 - Air Compressor Replacement..............cccevevveriveeeenceniesnnnenenes 4-60
4.18.1 Facility Information .........ccccceevevevrnnrinreineienenrceesseereessensesssnenns 4-60
4.18.2 Ex Ante Load Impact EStimation .............ceeevevvenvrenervenresseerereenens 4-60
4.18.3 Ex Post Load Impact EStimation............c.ce.cevervviienrinirereereesereeenn. 4-61
4.18.4 Comparison of Ex Ante and Ex Post Impact Estimates ................... 4-64
4.18.5 Persistence of the Measure...........ccevvevevivviiceeiceiiceeeeeereseveneneens 4-64
4.19 ID No. 14144 - Cycling Compressed Air DIYer.........ccouvvvveeverieeecneeeeeerenes 4-65
4.19.1 Facility INfOrmation ..........cceeeueereeeeieeoseeeeeiececree s sensaenns 4-65
4.19.2 Ex Ante Load Impact EStimation ............ccvevuveverieereeeneneeineeeneseenn. 4-66
4.19.3 Ex Post Load Impact Estimation..........c..cccceeevevevervnereeecenrnersrinne. 4-66
4.19.4 Comparison of Ex Ante and Ex Post Impact Estimates ................... 4-68
4.19.5 Persistence of the MEasure...........ccoverivvivievirenresireeeensereseeseeeesene 4-68
4.20 ID No. 14148A - Cycling Compressed Air DIYer ......c...ccoeeeveeeereveesnieerennen 4-68
4.20.1 Facility Information .........cccoevuevereveneeeieniieerceceeresrctseeress e 4-68
4.20.2 Ex Ante Load Impact EStimation ...............cccvevevveevcneccnenencerereninnes 4-69
4.20.3 Ex Post Load Impact EStimation............ccceceeevververieevencrneerenrenennenns 4-69
4.20.4 Comparison of Ex Ante and Ex Post Impact Estimates ................... 4-71
4.20.5 Persistence of the Measure............cceeeivevreeiereierenncninieesesesienesenn. 4-71
4.21 ID No. 14148B - Intermediate Controller on Compressed Air System............ 4-71
4.21.1 Facility Information .........ccccoveeeriveeeeieinnieeseeeteeeeeseeee st eeneaeens 4-71
4.21.2 Ex Ante Load Impact EStimation ..........c.ceceeveeeeevieveeeesreeeeeereeseennns 4-72
4.21.3 Ex Post Load Impact EStimation.............cecovevvveeriveinreneseceesssenene. 4-72
4.21.4 Comparison of Ex Ante and Ex Post Impact Estimates ................... 4-75
4.21.5 Persistence of the MEasure...........ceveeevereceeeeeiieeieeseececeseeneressenes 4-75
4.22 ID No. 14152 - Steam and Condensate Pipe Insulation..............occeevrevevnencnnne 4-76
4.22.1 Facility Information .........ccoeuevueeiveiiniiineeerieeeeeeeeeeeeeereeeesesnensesens 4-76
4.22.2 Ex Ante Load Impact Estimation ............cccceevvevierivvvnrcnreeereineerenene. 4-76
4.22.3 Ex Post Load Impact EStimation.............ccccceevevircevvveereieveenseene. 4-78
4.22.4 Comparison of Ex Ante and Ex Post Impact Estimates ................... 4-79
4.22.5 Persistence of the Measure...............ccovvvererireiveineeneesneeeeereeeenenen. 4-79
4.23 ID No. 14188 - Variable Volume Hydraulic Drives..........cccoeeevvereereerrccerernenene 4-79
4.23.1 Facility Information ..........cccccevurrerivereiencerenreieeceereeeseeeee e nesenens 4-79
4.23.2 Ex Ante Load Impact EStimation ...........ceccvvvvivenrerirenecncenseeenenes 4-80

v




TABLE OF CONTENTS

4.23.3 Ex Post Load Impact Estimation..........cocceevuiiniimnrenniennnenecnincnins 4-81
4.23.4 Comparison of Ex Ante and Ex Post Impact Estimates ................... 4-84
4.23.5 Persistence of the Measure.........ccocevveeireeeniennineniiisininninnnnsesiesennens 4-84
4.24 ID No. 14270 - Amplifier SEqUENCET......c.cccrmiuiiiriiniiiiierieeiene e 4-85
4.24.1 Facility Information ........ccceecevvimenriniiniininiininennesnsesineescsessnnens 4-85
4.24.2 Ex Ante Load Impact EStimation ..........cccovveniinennrenienenniinsnenens 4-85
4.24.3 Ex Post Load Impact EStimation...........ccoceevviveerinenennenicianiniescnenens 4-85
4.24.4 Comparison of Ex Ante and Ex Post Impact Estimate.........ccc.c...... 4-87
4.24.5 Persistence of the Measure........c.ccoeeeveeeviricnnininineenesesesnenssens 4-87
4.25 ID No. 14352 - Variable Speed Drive on an Air Compressor .........coecesverenense 4-87
4.25.1 Facility Information ........ccceuueiieeiniinnciiininteensess st 4-87
4.25.2 Ex Ante Load Impact EsStimation ......c..ccccevevereeenieninnnnnecnnninsnncnnenn 4-88
4.25.3 Ex Post Load Impact EStimation.........c.c.ccecerviienmnnenriveniensesinennns 4-89
4.25.4 Comparison of Ex Ante and Ex Post Impact Estimate...........ccoc...... 4-91
4.25.5 Persistence of the Measure..........coccevererneeneivenennniinenienenessnnsnens 4-92
4.26 ID No. 17144 - Boiler Replacement .........ccccvvieinmiiniieninninnineciesnessessnesnencs 4-92
4.26.1 Facility Information ..........cccevvvevninmniiiieininncneiscscenes 4-92
4.26.2 Ex Ante Load Impact EStimation ..........cccceveeviireininninieenenennnnnsnienens 4-92
4.26.3 Ex Post Load Impact ESimation.........cccceeeivveienmnriniennnennessessennones 4-95
4.26.4 Comparison of Ex Ante and Ex Post Impact Estimate..................... 4-97
4.26.5 Persistence of the Measure.........cccovevenierininncninineneennineninssneneenns 4-97
4.27 ID No. 17476 - Crossover Piping .......cccevevevvuinmeniiniiniiinneninennnseessseeeens 4-97
4.27.1 Facility INformation .........ccoceuircieiniinininininiecsenscceecn, 4-97
4.27.2 Ex Ante Load Impact EStimation .........c.ccccvvvimniinennnieniennenincnnenn 4-98
4.27.3 Ex Post Load Impact ESMAation..........ccoeeieicnnniiiinnnnnnnnesennnen. 4-98
4.27.4 Comparison of Ex Ante and Ex Post Impact Estimates ................. 4-100
4.27.5 Persistence of the Measure.........cccocceveeeenecrinnieniniiniiieieniennnnnnes 4-101
4.28 ID No. 17504 - Compressed Air System Loss Abatement...........ccceveveneencee. 4-101
4.28.1 Facility Information..........ceceeurvueennne. eeriressreeaesesteereessnesnaeenteses 4-101
4.28.2 Ex Ante Load Impact EStimation .........cccoeevvienienininicecnieincnnenn 4-101
4.28.3 Ex Post Load Impact EStimation..........cc.eeevveviiiiieiinnrennicniennenens 4-101
4.28.4 Comparison of Ex Ante and Ex Post Impact Estimates ................. 4-102
4.28.5 Persistence of the Measure........c.cocevvriiineiiniieiiveneenennesienennens 4-103
4.29 ID No. 18012 - Variable Speed Drives On Injection Molders..........ccccvuneneee. 4-103
4.29.1 Facility Information ........c.cecvvveinninninninninnereiessisnisscsacee 4-103
4.29.2 Ex Ante Load Impact ESimation .........cccveeviniennenennnensenencsninnene 4-103
4.29.3 Ex Post Load Impact EStimation............cccveeinvenienenienreneniennennnnnae 4-104
4.29.4 Comparison of Ex Ante and Ex Post Impact Estimates ................. 4-104
4.29.5 Persistence of the MEasure.........coccecerveriervenercninniiniinnineinennssnnsens 4-105
v




TABLE OF CONTENTS

SECTION 5 MOTOR MEASURES ........coiciiicmiiiinientmmnnnsnssnimsssenseniissessimmnsanisnsenns 5-1
5.1 Gross Load Impacts - MOLOLS .....c.cecveerrenrierinienienienesersnsseeseesiessessessosasnennes 5-1

5.2 Net-To-Gross = MOTOIS ......ccccurriirinviniiiniiiniiniciieessnesene s ssssssese s 5-2

5.3  Program Load Impacts From Motor Measures........c..coouevienucinceinncinienscnnnnns 5-2

APPENDIX A......coovvnrcmnmnnnensrnnnissssssenneanensnisenense DETAILED MOTOR WORKSHEETS A-1

vi




INTRODUC TION

T G e e e e e e e

1.1 INTRODUCTION

San Diego Gas & Electric (SDG&E) commissioned XENERGY Inc. to evaluate the first year
load impacts of measures installed under its 1995 Industrial Energy Efficiency Incentives (IEEI)
Program. These measures were installed to provide resource value by improving the energy
efficiency of the facilities that participated in the IEET Program.

The overall objectives of SDG&E’s 1995 Industrial Energy Efficiency Incentives Program First
Year Impact Evaluation were to:

e evaluate the gross and net load impacts of the measures installed at these facilities; and
o verify the physical installation of the measures identified in the program tracking system.
These objectives were accomplished using the following methodology:

e verifying the physical installation of the measures identified in the program tracking
system (electronic and hard copy);

e gathering data through direct measurement, observation, and interviews with site
personnel; and

e performing engineering analysis of energy impacts based on the data.

1.2 REPORT ORGANIZATION

The remainder of this report is organized as follows:

Section 2 Results

Section 3 Study methodology

Section 4 Site specific analyses for Process Measures
Section 5 Analysis for Motor Measures

Appendix A Industrial Motors Detailed Worksheets
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This section presents the results of the First Year Impact Evaluation of SDG&E's 1995
Industrial Energy Efficiency Incentives Program for industrial measures installed during
Program Year 1995 (PY95).

2.1 OVERVIEW

A total of 24 participants, as identified by a unique 5-digit ID number., had 28 measures installed
under SDG&E’s Industrial Energy Efficiency Incentives Program during PY95. In addition, 90
industrial motor measures were installed. This section provides a summary of the site specific
engineering analyses conducted for each measure. The site specific analyses for process
measures are described in Section 4. The analysis for motor measures is described in Section 5.

2.2 PROCESS MEASURES: Ex PosTLOAD IMPACT ESTIMATES

This section presents the estimation of gross impacts of the Impact Evaluation of Industrial
Process Measures. Site specific engineering models and analysis were used to estimate the load
impacts for the 28 industrial process measures installed under SDG&E’s 1995 Industrial Energy
Efficiency Incentives Program.

The gross impacts for electricity and natural gas were estimated ex post, where appropriate. The
ex post gross impacts were compared to ex ante impact estimates through realization rates for
each site. Realization rates were calculated for each measure as defined in Table 6 of the M&E
Protocols, where it is defined as “the load impacts estimated by the Evaluation, divided by the
load impacts filed in a utility’s first year earnings claim.” Equation 2-1 shows the formula used
for calculating the realization rate. '

P
(Eq. 2-1) R=~

where,
R = Realization rate for the measure,
P = Ex post impact estimate for the measure, and
A = Ex ante impact estimate for the measure.

2.2.1 Overview - Process Measures

Table 2-1 provides a description of each of the measures evaluated and a summary of what sites
were visited on site. A total of 10 million kWh and almost 38,000 therms were saved as a result
of the 1995 IEEI Program.




SECTION 2 RESULTS
Table 2-1
Industrial Process Measure Descriptions
and Share of Impacts Evaluated On Site
Gross Gross | Gross Therms
On-Site | Ex Ante | Ex Ante | Ex Ante | kWhof | kWhof | kWof | kW of | Therms | of Sites
Visit kWh kW Therms | Sites |Sites Not] Sites |Sites Not] of Sites Not
ID No. Measure Description |Conducted?] Saved |Reduced| Saved | Visited | Visited | Visited | Visited | Visited | Visited
7259 Air Compressor Yes 54,542 13.45 - 54,542 0 13.45 - - -
Replacement
13671 Upgrade Air Compressors Yes 4,049,409} 1,102.78 - 4,049,409 0] 1,102.78 - - -
13792A/B|Covers on Melting Pots & Yes - - 19,290 - - - - 19,290 0
Upgrade Process Furnace
13893 Conversion of Cleaning Yes 518,300] 109.45 - 518,300 0] 10945 - - -
Process .
13968 Solid State Frequency Yes 78,840 0.00 - 78,840 0 0.00 - - -
Converter
13976A |Downsize Process Yes 246,500 29.00 - 246,500 0 29.00 - - -
Vacuum System
13976B  |Downsize Deionized Yes 363,779 43.00 - 363,779 0| 43.00 - - -
Water System
13976C |Modify Nitrogen Yes 70,456 8.00 - 70,456 i) 8.00 - - -
‘Vaporizer
13983 Air Compressor Yes 108,712 4.50 - 108,712 0 4.50 - - -
Replacement
14082 Downsize Air Compressor Yes 112,700 25.00 - 112,700 0 25.00 - - -
14092 Downsize Air Compressor Yes 63,750 20.00 - 63,750 0 20.00 - - -
14093 Downsize Air Compressor Yes 71,400 35.00 - 71,400 0 35.00 - - -
14115 Replace Compressed Air Yes 307,941 49.70 - 307,941 0] 49.70 - - -
Piping
14116 Air Compressor Yes 74,601 17.80 - 74,601 0 17.80 0 - -
Replacement
14127 Replacement For No 227,510 54.70 - 0] 227,510 0.00 54.7 - -
Hydraulic Drives
14139 Air Compressor Yes 123,920 20.00 - 123,920 0 20.00 - - -
Replacement
14144 Cycling Compressed Air Yes 9,851 0.00 - 9,851 0 0.00 - - -
Dryer
14148A |Cycling Compressed Air Yes 21,807 2.50 - 21,807 0 2.50 - - -
Dryer
14148B |Intermediate Controller on Yes 68,062 7.80 - 68,062 of 7.80 - - -
Compressed Air System
14152 Steam and Condensate Yes 0 0.00] 13,119 - - - - 13,119 0
Pipe Insulation
14188  |Variable Volume No 359,920 42.80 - 0| 359,920 0.00 428 - -
Hydraulic Drives
14270 Amplifier Sequencer Yes 71,353 0.00 - 71,353 1] 0.00 0 - -
14352 |Variable Speed Drive on No 249,433 26.11 - 0] 249,433 0.00 26.11 - -
an Air Compressor
17144 Boiler Replacement Yes 0 0.00 5,415 - - - - 5,415 -
17476 Crossover Piping Yes 700,424 79.96 - 700,424 0 79.96 0] - -
17504 Compressed Air System Yes 1,602,356] 174.00 - 1,602,356 0] 174.00 0 . -
Loss Abatement
18012 Variable Speed Drives on Yes 471,744 63.00 - 471,744 0 63.00 0 - -
Injection Molders
Total 10,027,310] 1,928.55| 37,824]9,190,447| 836,863} 1,804.94| 123.61| 37,824 0
Share evaluated on site 92%) 8% 94% 6% 100% 0%
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The table shows that over 90 percent of the load impacts were subjected through ex post on-site
evaluations, with the remainder evaluated through an ex post analysis without on-site visits.

As would be expected, a variety of measure types were installed. These ranged from
straightforward insulation of high temperature piping to frequency converters for electronic test
equipment.

2.2.2 LoadImpact Estimates: Process Measures

The gross impact analysis was conducted using site specific engineering models. The analysis
used inputs that were verified by XENERGY s project engineer through observation,
measurement, monitoring, site interviews, or other records provided during the evaluation. The
analysis for each site may be found in Section 4.

Table 2-2 provides a summary of the gross impact analysis. The ex ante impact estimates were
obtained from the program tracking database and the ex post estimates were developed through
the engineering analysis of this study.

As shown in Table 2-2, the realization rates for the program were 1.01, 0.61, and 1.41 for kWh,
kW, and therms, respectively.
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2.2.3 Net-To-Gross: Process Measures

The net-to-gross ratio for each measure was estimated using the process described in Section
3.2.5. The rules described in Table 3-1 were applied to each measure for estimating the net-to-
gross ratios for each measure. Information gathered through interviews with site staff and project
documentation were compiled to estimate the net-to-gross.

Table 2-3 provides a summary of the net-to-gross ratio estimation. The payback values were
those estimated during the project implementation phase.

The net load impacts for the measures and for the program are shown in Table 2-2. The program
level net-to-gross ratios are 0.85, 0.90, and 0.60 for kWh, kW, and therms, respectively.
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SECTION 2 RESULTS

2.3 MOTOR MEASURES: Ex PosTLOAD IMPACT ESTIMATES

This section presents a summary of the results of the ex post evaluation of the load impacts of
motors installed under SDG&E’s 1995 IEEI Program. As shown in Table 2-4 over 71 percent of
the ex ante kW and kWh impacts were surveyed in accordance with the 70% of the kW, kWh
and therm savings for the motors end-use required by Table C-5 of the M&E Protocols.

Table 2-4
Industrial Motors Survey Distribution
Program Percent
Participants | Surveyed Surveyed
No. Motors 81 48 59%
No. Horsepower 2,138.00 1606.50 75%
kW Reduced 38.66 28.53 74%
IkWh Saved 221,110 167,148 76%

Table 2-5 shows that the ex post load impact realization rates for kW and kWh.

Table 2-5
Industrial Motors Load Impact Realization Rate Summary
For Motors Realization
Surveyed Ex Ante Ex Post Rate
kWh Saved 167,148 169,323 1.01
kW Reduced 28.53 31.33 1.10

Table 2-6 shows the ex post program load impacts for industrial motors.

Table 2-6
Industrial Motors Program Load Impact Summary
kWh kW
Ex ante estimate 221,110 38.66
Realization rate 1.01 1.10
Gross ex post impacts 223,987 4245
Net-to-gross ratio 0.29 0.28
Net program impacts 64,537 11.68
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This section describes the methodology used to conduct SDG&E’s 1995 Industrial Energy
Efficiency Incentives Program First Year Load Impact Evaluation.

3.1 OVERVIEW

The approach used to conduct the Evaluation utilized end-use engineering models with verified
input assumptions. Measurements of equipment performance and monitoring of equipment
operations were performed to refine the inputs into the engineering models developed for each
measure. The methodology used for this study is consistent with Table C-5 of the M&E
Protocols. The approach used for estimating ex post load impacts for industrial process
measures is described in Section 3.2, while the approach used for estimating the ex post load
impacts for motor measures is described in Section 3.3.

3.2 ExPostLoAD IMPACT ESTIMATION APPROACH FOR INDUSTRIAL
PROCESS MEASURES

This section describes the approach and tasks used to conduct the site-specific impact studies for
the IEEI Program.

3.2.1 Task 1: Gather Available Site Data

Site data were gathered and compiled from available sources. Typically, these sources included
hard copies of customer applications, SDG&E work papers, design reports, invoices, and pre-
and post-field surveys. A site profile was developed from which an evaluation plan was
designed.

3.2.2 Task 2: Develop Site Evaluation Plan

The initial evaluation plan for each site was developed by XENERGY and submitted to SDG&E
for review. An example of the general work flow is displayed as Figure 3-1. All industrial
process sites were targeted for on-site visits. Thus, a census was attempted, however, site visits
for several measures could not be arranged. For these sites an ex post analysis was performed
using existing data that were augmented with data from secondary sources.

Evaluation Approach and Methodologies

The measurement approach must take into account the various types of technologies, processes,
and operations schedules found in the industrial sector.

To meet the impact measurement needs of this project, appropriate combinations of the following
tools were used:

3-1
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e engineering models and analysis;

e equipment data collection tools and methods;
e on-site surveys; and

o short-term metering and spot measurements.

On-site surveys were conducted to verify the installation of the measures, and to verify or

improve the engineering assumptions that were used to estimate ex ante load impacts.

Previously collected data were used to help reduce the scope of the on-site data collection effort

where feasible. Project documentation provided by SDG&E was the primary source for ‘
engineering calculations of ex ante energy impact estimates in most cases. /
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Figure 3-1

General Study Work Flow
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3.2.3 Task 3: Conduct Site-Sp

Site-specific analyses were complete
Efficiency Incentives Program that in

Sub-Task 3a: Develop P

Individual evaluation plans were dev:
in spreadsheet form. Each site plan v

methodology as discussed in Section

Sub-Task 3b: Determin
The next subtask was to estimate the

Data Collection

ecific Analysis of IEEI Progrhm Projects

d for all participants of SDG&E ’si 1995 Industrial Energy
istalled measures classified as industrial process.

roject-Specific Evaluation Plan

eloped for each IEEI Program participant and summarized
vas developed individually using the appropriate
3.2.2. '

Gross Site-Specific Impacts

gross impacts for each site.

On-site data collection activities were conducted from October 1996 through January 1997 for
those sites evaluated through the on-site approach. Measure installatiohs were verified,
measurements were taken to support load impact estimation, and other on-site data were
collected via interview with site personnel and inspection of operating records.

For those sites not evaluated on site,
appropriate with data from credible s

Gross impacts were calculated on an

Estimating The Load Impa¢

The gross load impacts of Industrial 1
based models. Most sites were visite
ex ante analysis. For those sites whe
analysis was conducted and ex post I
alternate algorithms. In general, the
was the basis for the ex post analysis

3.2.4 Task 4: Estimate Total G

Gross impacts were estimated for the
kW, kWh and therm impacts, as appr
measure as defined in Table 6 of the
estimated by the Evaluation, divided
claim.”

-

re site visits were not conducted

ata from the project files were reviewed and augmented as
ondary sources.

individual project basis.

rts For Process Measures

process measures were estimated éx post using engineering

d ex post to verify key engineerin% assumptions used in the
areview of the ex ante
pad impacts estimated using augmented input data or

engineering approach used to estimate the ex ante impacts

jross Impacts

PY95 industrial DSM measures. This includes total gross
opriate. Realization rates were calculated for each type of
M&E Protocols, where it is defined as “the load impacts
by the load impacts filed in a utility’s first year earnings
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Integrate Site-Specific Gross Impacts

After the individual impacts from each project were estimated, the results were aggregated to
estimate total program gross impacts.

3.2.5 Task 5: Determine Total Net Impacts

Net impacts were addressed through an assessment of the net-to-gross ratio. An interview was
conducted with each site contact as part of the on-site post-installation field visit. Assessment of
net-to-gross was done through self-reported responses to questions abdut the factors that affected
the customer’s decision to implement the measure recommendation, as well as supporting
documentation found in project files.

A net-to-gross ratio was estimated for each measure installed based on|information gathered
during the site visit and from the project files. The decision rules for ebtimating the net-to-gross
are shown in Table 3-1. Among the underlying principles on which these rules were based is a
basic consumer behavior model comprised of four steps:

1. awareness of a problem or need;

2. information gathering for solutions;

3. evaluation and (more information gathering if necessary); and
4. the purchase.

Through the IEEI Program, SDG&E has several opportunities to intervene and facilitate this
consumer process. SDG&E can proactively identify energy efficiency opportunities and quantify
their potential impacts and costs. The customer can be made aware of energy efficiency
measures and provided information on associated costs and benefits. Incentives may be provided
to reduce the cost barriers to implementation. The customer will go through an evaluation phase,
where additional information may be gathered, perhaps a different equipment configuration.
Finally, a decision will be made whether to implement the measure or not.

Figure 3-2 shows a decision tree that reflects the rules described in Table 3-1 for assigning the
net-to-gross ratio on a site-specific basis.

3-5
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Table 3-1
Decision Rules For Estimating Net-To-Gross Ratio
Level of SDG&E Involvement Description Net-To-Gross Ratio

High: Clear evidence that: (1)
SDG&E performed or
commissioned a site-specific
engineering study in advance of the
conceptual development of the
project was found; or (2) the
unincentivized paybacks were
outside the firm’s payback
investment threshold and the
incentive allowed the firm to invest
in the measure.

The IEEI Program was primarily
responsible for the development of
the energy efficiency concept and/or
ultimate development of the
measure through a combination of
technical and financial assistance.

1.00

Medium: SDG&E prepared
analysis that provided cost-
justification through engineering
analysis and the incentives in
advance of the installation of the
measure. The originator of the
project concept was not clear.
SDG&E did however, provide clear
assistance in the evaluation and
implementation phases of the
process.

The IEEI Program was instrumental
in providing information to the
customer. The project concept,
however, may have been originated
by a non-program source, €.g., a
vendor. In these cases, project cost
barriers may have been reduced
through incentives offered through
the program.

If payback w/o incentive >2.0 years: 1.00
If payback w/o incentive is 0.5-2.0 years: 0.75
If payback wﬂo mcentlvc <0.5 years: 0 40

If payback w/o incentive >0.5 years: 0.50
If payback w/lo incentive <0.5 years: 0.40

Low: Little evidence of technical
support and/or engineering analysis
that affected the final decision
making, e.g., the origination of the
measure concept.

The IEEI Program appeared to have
little involvement and little
influence on the decision to
implement. Unincentivized
paybacks were not sufficiently long
enough to affect the purchase
decision.

: 0.00

By evaluating information gathered from customer personnel and the project files the net-to-
gross ratios were assigned for each site. The site specific net-to-gross ratios were combined with
the gross savings estimate per site to estimate the net impacts on site-specific basis. The net
impacts were then aggregated to the program level.

The net-to-gross ratio for the program was estimated by dividing the ex post net load impacts by
the ex post gross load impacts. Thus, the program net-to-gross is weighted by the individual

measure load impacts.
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3.3 EXPoSTLOAD IMPACT ESTIMATION APPROACH FOR INDUSTRIAL MOTOR
MEASURES

This section provides an overview of the ex ante and ex post methodologies and general
equations for estimating the load impacts of the industrial motor measures.

3.3.1 Sampling

The sample was drawn from program participants in accordance with Table C-5 of the M&E
Protocols. Projects representing at least 70 percent of the total ex ante impacts for the motor
end use element were selected for the study.

3.3.2 Ex Ante Load Impact Estimation Methodology

Each of the motor measures was installed as part of SDG&E’s Energy Efficient Motor Rebate
Program. Under this program, the nonresidential market in San Diego was targeted. Open Drip-
Proof (ODP) and Totally Enclosed Fan-Cooled (TEFC) motors from 1 to 200 HP were included
in the program. These motors were single-speed energy efficient motors. A method documented
by EPRI! was used to estimate ex ante impacts for single-speed motors. Equations 3-1 and 3-2
were used to estimate ex ante load impacts, using standard assumptions regarding the operations
of the motors. Among these assumptions were 4,000 hours of operation annually and rated load
factor for base and energy efficient motors of 0.75.

(hpbase )(R'L'F;a.se ) _ (hpee )(RLF;e )

base ee

(Eq. 3-1) AkWh = (units)(0.746)[ }(FLH),

where:
AkWh = gross annual energy savings,
units = number of motors installed under the program,
Mase = efficiency of base motor,
n,. = efficiency of high - efficiency motor,
hpy... = horsepower of base motor (hp),
hp,, = horsepower of high - efficiency motor (hp),
RLE,,,, = rated load factor for the base motor,
RLE,, = rated load factor for the high - efficiency motor,
FLH = full -load hours, and
0.746 = conversion factor (kW / hp).

1 Electric Power Research Institute, Engineering Methods for Estimating the Impacts of Demand-Side Management Programs,
Volume 2: Fundamental Equations for Residential and Commercial End Uses, pp. 3-84 to 3-85.
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Ex ante demand impacts were estimated using Equation 3-2.

AR = (units)(0.746)[("p—”""ﬂ)f§f"“‘—)—ﬂ%;@‘l](DF)(CF), (Eq. 3-2)

where:
AKW = gross coincident demand savings,
units = number of motors installed under the program,
Mease = efficiency of base motor,
.. = efficiency of high - efficiency motor,
hp,.s. = horsepower of base motor (hp),
hp,, = horsepower of high - efficiency motor (hp),
RLF,,, = rated load factor for the base motor,
RLF,, = rated load factor for the high - efficiency motor,
FLH = full -load hours,
DF = demand diversity factor,
CF = coincidence factor, and
0.746 = conversion factor (kW / hp).

3.3.3 Ex Post Gross Load Impact Estimation Methodology

Site-specific engineering analysis with verified data on operating characteristics was the basis for
ex post load impact estimates. Verification of the operating conditions of the motors was
performed through on-site inspections and/or telephone interviews. Operations logs and spot
measurements were taken to determine pump loads and operating hours. Interviews with site
personnel were conducted to confirm the site information.

The ex post estimation methodology used Equations 3-3 and 3-4 to estimate the load impacts of
each of the motor measures.

kW _Savings = (Qty)(Capacity (% Load )( ! 1 ), (Eq. 3-3)

Effoaseline@ ioad B Effretrofii @ load
where.
Oty = Quantity of retrofit motors,
Capacity = Rated Output Horsepower in kW converted from Horsepower (1 kW =0.7457 HP),

Output Horsepower at Actual Load Conditions

% Load = ,
‘ Rated Output Horsepower

Effsaseiine@ load = Rated Baseline Motor Efficiency at Actual Load Conditions, and

Effreropi@loud = Rated Retrofit Motor Efficiency at Actual Load Conditions.

(Eq. 3-4)
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kWh_ Savings = (kW_Savings)(Ann_Op_ Hours),
where:
kW _Savings = calculated in Equation 5 - 3, and
Ann_Op_ Hours = Hours es timated from onsite visit.

Estimating Base Case For Motor Measures

For those sites where the new motor was a retrofit of a working motor, the description of the old
motor from the Energy Efficient Motor Program Customer Enrollment Form (“Enrollment
Form”) was used as the base case. However, (1) for those motors where the new motor was
replacing a burned out unit, (2) for those sites where a new facility or application was indicated
on the “Enrollment Form,” or (3) for those measures where the old motor information was not
provided on the “Enrollment Form,” a base case motor representing an “average” motor that
would typically be purchased over the counter was developed using the following procedures.

Baseline (standard) motor efficiency data was obtained from the MotorMaster+ database
(Washington State Energy Office, 1996). This database contains cost and efficiency data on
more than 10,000 NEMA Design B motors. Baseline motor data was chosen by searching the
database for motors with efficiencies less than the NEMA 12-6B standard and selecting the
motor with the median efficiency at 100% load. Efficiency and Power Factor curve data were
available for load conditions from 25% to 100% in quartile increments.

Load Impact Estimation

The gross load impacts for the motor were estimated by taking the difference of energy use for
the baseline and energy efficient motors.

Realization rates were calculated for the Program as defined in Table 6 of the M&E Protocols,
where it is defined as “the load impacts estimated by the Evaluation, divided by the load impacts
filed in a utility’s first year earnings claim.”

The realization rate was applied to the ex ante total kWh saved and kW reduced to estimate the
Program gross load impacts.

3.3.4 Net-To-Gross Ratio

The net-to-gross ratio was estimated for motors based on customer reported responses during the
survey. The responses were categorized into two categories: (1) always buy energy efficient
motors; and (2) the program/rebate made a difference. A net-to-gross ratio was assigned to each
surveyed motor. A net-to-gross ratio of zero was assigned to the first category and a net-to-gross
of 1.0 was assigned to the latter, as shown in Table 3-2.
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Table 3-2
Net-To-Gross Categories
Industrial Energy Efficient Motors

Net-To-Gross
Category Ratio
Always buy energy 0.00
efficient motors
Program/rebate made a 1.00
difference
No response N/A

The assigned net-to-gross ratios were applied to the gross ex post energy and demand impacts to
estimate the net impacts for the motors studied. The Program net-to-gross ratio for industrial
motors was estimated by dividing total net impacts by total gross impacts for the studied motors.
The Program net load impacts-were estimated by applying the Program net-to-gross to the total
Program ex post gross load impacts.
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4.1 INTRODUCTION

This section provides the site specific analyses for the industrial process measures installed under
SDG&E’s 1995 Industrial Energy Efficiency Incentives Program.

4.2 ID No. 7259 - AIR COMPRESSOR REPLACEMENT

4.2.1 Facility Information

This is a manufacturing facility in San Diego, CA which operates 24 hours per day, 6 days per
week, 52 weeks per year, with 8 holidays (7,296 hours per year).

The plant’s compressed air requirements were provided by a single 50 horsepower compressor
which was oversized compared to the demand for compressed air. The compressor had poor part
load efficiency. By replacing the existing 50 horsepower air compressor with a unit that has a
relatively high part load efficiency and that is sized (30 horsepower) so that it operates at a high
percentage of full load most of the time, the energy requirement was reduced. The savings will
occur because the system uses a smaller motor and, since it operates at a high percentage of full
load, its efficiency will be optimized.

4.2.2 Ex Ante Load Impact Estimation

The ex ante load impact estimates were based on a worksheet that is used to estimate the demand
of the baseline and retrofit equipment. Demand reductions are then estimated and multiplied by
the operating hours to calculate the energy savings.

The baseline and retrofit demand are:

KWp,.ne = (480 V)(65 A)(0.001)(0.65)(phase)

=35.12 kW

KWierose = (480 V(40 A)(0.001)(0.65)(phase)
=21.68 kW
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The ex ante demand reduced and energy savings are:

k Wr educedcx ame = k WBa.\'eIinc - k WRelruﬁl
=35.12 - 21.68
=13.45kW

kWh,, . = (kW reduced,, . )(Operating hours)
= (13.45)(4,056 hours/ year)
= 54,542 kWh/ year

4.2.3 Ex Post Load Impact Estimation

The site was visited on November 15, 1996, and the equipment was inspected. It was found that
the old compressor had been left installed and, according to plant personnel, it is operated
approximately half of the time. It was not in operation during the site visit or during the time
when logger data was being taken.

Spot measurements were taken on the new compressor operating in loaded and unloaded modes.
Quantities measured were: demand, kVA, power factor, and kVAR. A current logger was
installed on the new compressor and allowed to gather data for approximately 96 hours. These
data were used with manufacturer’s performance data to generate ex post values for peak demand
and annual energy consumption.

The baseline for comparison is the plant operating with the 50 horsepower compressor.
The plant and its compressed air system operate 7,296 hours per year.

Table 4-1 shows the assumptions used in estimating the ex post load impacts.

Table 4-1
Assumptions for Ex Post Load Impacts
Parameter Value ;

Existing compressor kW 90% of full load over range of output from
60% to 100% ‘

Motor load 80% when compressor is at full load.

Compressor operations Compressor operate between 60% t 100%
of full capacity 50% of the time.

kW when compressor is 50% of full load kW ‘

unloaded

4-2
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The baseline energy use is:

(50 hp)(0.746 kW / hp)
0.80 efficiency rating

Peak kW =

=29.84 kW:

The compressor operates fully loaded 50% of the time and unloaded the other 50%. The average
demand is:

kW loaded = (29.84)(0.90)
=26.86 kW

kW unloaded = (29.84)(0.50)
=14.92 kW

26.86 +14.92

kW average = 2

=20.89 kW

The annual energy consumption is:

kWh =(20.89)(7,296)

=132,413 kWh/ year

Baseline

EX post measurements show:

Peak kWp,\on = 25.46 kW
Average kW, .5 = 16.94 kW

The annual energy consumption for the retrofit system is:

kWhpeyom = (Average kWg,,,.q, X Operating hours)
=(16.94 kW) (7,296 hours/ year)
=123,594 kWh/ year

Since the 50 hp compressor is still in operation, there will be no reduction in peak demand.
Thus, the demand impact is:

kW reduced

ex post

=0kW

4-3
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The ex post energy impacts attributable to the measure are:

kWh saved

ex post

=k ;VhBu.\'eline - kWhRL’"‘f’ﬁ’
= 152,413-123,594
= 28,819 kWh/ year

Table 4-2 shows the ex post load impacts by time-of-use period. This table typically incorporates

average kW values, thus the coincident impacts may not match the ex post kW reduced shown
above.

Table 4-2
kW and kWh Impacts by Time-Of-Use Period
kW Reduced i
Coincident kw kWh
Average KW | with System | Adjustment ; Adjustment
Costing Period Reduced Peak Period Factor kWh Savings Factor
Summer On-peak 3.95 3.95 1.00 ‘ 2,931 0.10
Summer Semi-peak 3.95 1.00 | 3,768 0.13
Summer Off-peak 2.74 0.69 | - 5,414 0.19
Winter On-peak 3.95 3.95 1.00 1,742 0.06
Winter Semi-peak 3.95 1.00 7,548 0.26
Winter Off-peak 2.74 0.69 | 7,497 0.26
Totals | | 28,900 1.00

4.2.4 Comparison of Ex Ante and Ex Post Impact Estimate

Table 4-3 summarizes the ex ante and ex post load impact estimates. Comparison of the ex ante
and ex post peak demand values shows a realization rate of 0. This is because the ex ante
analysis assumed that the 50 hp compressor was to be removed when the 30 hp unit was
installed. In fact, both units are installed and are operated on a rotatirig basis according to plant
personnel. The

ex ante analysis was brief and its assumptions were not defined. Because of this, the ex ante
estimates could not be reproduced.

4-4
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Table 4-3 |
Demand and Energy Impact Summary

|

Demand Energy Gas

(kW/Year) (kWh/Y'ear) (Therms/Year)

Ex ante estimated impacts 13.45 54,542 N/A

Ex post estimated gross impacts 0 28,9053 N/A

Difference -13.45 25,639 N/A

Realization rate 0 0.55 N/A

4.2.5 Persistence of the Measure

The 15 year measure life is reasonable and consistent with other similar measures.

4.3 1D No. 13671 - UPGRADE AIR COMPRESSORS

4.3.1 Facility Information

This is a ship building and repair facility in San Diego, CA which operates 24 hours per day, 360
days per year (8,640 hours per year). The vard uses large quantities of compressed air for
various purposes throughout the facility. The plant was served by six compressors with a total of

2,400 horsepower.

An ex ante survey of the existing compressors showed that one 800

hp compressor was only

operated as a last resort backup and ran less than 100 hours per year. Measurements were taken
on the remaining compressors (1,600 hp) and it was found that they typically produced

2.17 cfm/hp or a total of 3.472 cfm.

The five smaller compressors were replaced with two high efﬁcien&jy units which produce 3,400
cfm at 4.86 cfm/hp and the 800 hp compressor was left in place as a backup.

Since the capacities of the two configurations are the same, it is assLmed that the duty cycles will
be the same. The new units will consume less than half the power used by the existing units.

4.3.2 Ex Ante Load Impact Estimation

Table 4-4 show the compressor load assumptions used for the ex ante load impact estimates.

4-5
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Table 4-4
Ex Ante Compressor Load Assumptions
Parameter Horsepower
Baseline compressor capacity 2,400
Retrofit compressor capacity 700
Compressor capacity reduced 1,400

The ex ante kW reduced is:

_ (Compressor hp reduced)(0.746 kW / hp)(Loab factor)

ex ante

kW reduced

Efficiency Rating

_ (1,700 hp)(0.746 kW / hp)(0.8)
0.92 Efficiency Rating

=1,102.78 kW
The ex ante energy saved is:

kWh saved, ,,,. = (kW reduced,, ,,, )(Operating hours)
=(1,102.78)(3,672)
= 4,049,408 kWh

4.3.3 Ex Post Load Impact Estimation

Ex ante measurements were used to calculate the peak demand and annual energy consumption
for the compressed air plant before retrofit. Ex post spot measurements were taken of power
consumption, voltage, current, power factor, and total harmonic distortion. Current loggers were
connected to both of the new air compressors and allowed to gather data for two representative
days. These measurements were used to calculate peak demand and jannual energy consumption
after retrofit. '

The baseline for comparison is the yard operating 24 hours per day, i60 days per year (8,640
hours per year) with the baseline compressor inventory shown in Table 4-5.

Table 4-5
Baseline Compressor Inventory

Horsepower | Horsepower kW
Compressor Count (Each) (Total) (Total)
Sullivan 1 400 400 259.5
Joy 4 300 1,200 778.4
Clark 1 800 800 519.0
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Since the Clark compressor is used only as a backup, it will not be counted. Also, since the
compressors operate near full load all the time, the peak demand will be equal to the average
demand.

Baseline demand and energy consumption are:

KW gaseiine = 1,037.9 kW
kWhg,ooine = (KW gaseine )(Operating hours)
=(1,037.9 kW)(8,640 hours / year)
=8,967,546 kWh

Table 4-6 shows the inventory of retrofit compressors.

Table 4-6
Retrofit Compressor Inventory

Horsepower | Horsepower
Compressor Count (Each) (Total) kW (Total)
Leroi 2 350 700 524.5
Clark 1 800 800 519.0

Since the Clark compressor is used only as a backup, it is not included in the load estimation.
Ex post measurements indicate that:

KW porropy = 324.5 kW
kWhRL,,mﬁ, = /kWRe,m_m )(Operating hours)
=(524.5 kW)(8,640 hours / year)
=4,531,680 kWh

The ex post load impact estimates are:

kW reduced,, ,,,, = Peak kWg,;,,. — Peak kWy,,,,.,
=1,037.9-524.5
=313.4 kW
kWh savedex post = k WhBaseline -k WhRe trofit

=8,967,456 — 4,531,680
=4,435,776 kWh
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Table 4-7 shows the ex post load impacts by time-of-use period. This table typically incorporates
average kW values, thus the coincident impacts may not match the ex post kW reduced shown
above.

Table 4-7 f
kW and kWh Impacts by Time-of-Use Period
kW Reduced
Coincident kw kWh
Average kW | with System | Adjustment * Adjustment
Costing Period Reduced Peak Period Factor liWh Savings Factor
Summer On-peak 5134 451.8 1.00 380,943 0.09
Summer Semi-peak 5134 1.00 489,784 0.11
Summer Off-peak 513.4 1.00 1,014,478 0.23
Winter On-peak 513.4 451.8 1.00 226,409 0.05
Winter Semi-peak 5134 1.00 981,107 0.22
Winter Off-peak 489.0 0.95 1,337,904 0.30
Totals 4,430,625 1.00

4.3.4 Comparison of Ex Ante and Ex Post Impact Estimaie

Table 4-8 summarizes the ex ante and ex post load impact estimates, A comparison of the
ex ante and ex post estimates shows a realization rate of 0.47 for derhand reduction and 1.10 for
annual energy savings. The primary reasons for the differences are: |

e The old Clark air compressor (800 hp) was assumed in the ex ante analysis to operate
80% of full load before the retrofit and to be removed in the *etroﬁt. In fact, this machine
was held as a backup and barely run before the retrofit. It was not removed in the retrofit
and is still kept as a backup. This resulted in a lower ex post} demand reduction estimate.

e The ex ante analysis is based on calculated values of power demand for the compressors,
this requires some assumptions as to efficiencies and load fa¢:tors while the ex post
analysis is based on values measured on site.

Table 4-8
Demand and Energy Impact Summaﬁy
Demand Enerdy Gas
N (kW/Year) (kWh/Year) (Therms/Year)
Ex ante estimated impacts 1,102.8 4,049,408 N/A
Ex post estimated gross impacts 513.4 4,435,776 N/A
Difference 589.4 -386,368 N/A
Realization rate 047 1.10 N/A
4-8
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4.3.5 Persistence of the Measure

The 7 year life assigned to the compressors is appropriate and conservative.

4.4 ID No. 13792A - CovERS ON MELTING POTS

4.4.1 Facility Information

This is a production facility in El Cajon, CA which produces precision stamped and forged metal
parts, mainly for the aerospace industry. The forms over which sheet metal parts are formed are
cast in-house from lead and Kirksite which are melted in two gas fired melting pots.

The two melting pots operate uncovered throughout their cycle, resulting in substantial heat loss.
The installation of insulated covers on the two melting pots reduced heat loss. Energy savings
are achieved through lower gas consumption required to make up heat loss from the melting pots.

4.4.2 Ex Ante Load Impact Estimation

Table 4-9 shows the assumptions used to estimate the basecase therm usage for the ex ante load
impact estimation.

Table 4-9
Ex Ante 1.oad Impact Assumptions
Parameter Value
Melting pot temperature 900° F
Surface area of Kirksite pot 26.7 square feet
Surface area of lead pot 13.6 square faet
Ambient temperature of piant 70° F
Burner efficiency 80%
Operating hours ; 3,250 hours per year

The following equation for calculating heat loss was taken from Marks’ Mechanical Engineers
Handbook.

Heat Loss = A(h, + h,)AT,
where,
A = surface area of pots,
h, = convective heat transfer coefficient,
h, = radiation heat transfer coefficient, and
AT = difference between surface and ambient temperatures.
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Interpolating from Table 11 in Marks’ Mechanical Engineers Handbook, the base case energy
use for the two melting pots is:

AT =900-80

= §820° F (a horizontal surface will transfer heat upward).

(h.+h) =179 Bru/ hour -s. f-°F.
Thus.

Heat Loss = (26.7 + 13.6 s. f. )x(7.79 Btu / hour - s. f-° F)x(830° F),
= 260,568 Btu/ hour.

Interpolating from Table 11 in Marks’ Mechanical Engineers Handbook, the retrofit energy use
for the two melting pots is:

AT =900-80

= 820° F (a horizontal surface will transfer heat upward).

(h, +h,)=7.79 Btu/ hour - square foot-° F.
Thus,

Heat Loss = (26.7 + 13.6)s. £.x(7.79 Btu / hour - s. f.-° F)x(830° F),
= 260,568 Btu / hour.

4.4.3  Ex Post Load Impact Estimation

Ex post measurements indicate that the outer surface of the insulated lid has a temperature of
160°F.

The heat loss equation from Marks’ was used to estimate therm savings.

Base case energy use used the same conditions as the ex ante estimate except that the ambient
temperature was 80°F.

Heat Lossp,,ps = (26.7 +13.6 5. f )x(8.48 Btu / hour - 5. f.-° F)x(820° F),
= 280,230 Btu / hour,
= (280,230 Btu / hour)x(3,250 hours / year)x(100,000 Btu / therm),
= 9,107 therms / year.
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The energy use for the retrofit was calculated using the following equations:

AT =160-80
= 80° F (a horizontal surface will transfer heat upward).

(h.+h,)=221Btu/ hour -s. f-° F.
Thus,
Heat Loss gy, = (26.7+13.6 5. f )x(2.21 Btu/ hour -s. f.-° F )x(80° F),
=7,125 Btu/ hour,
=7,125 Btu/ hour x 3,250 hour / year / 100,000 Btu / therm,
= 231.6 therms / year.

The annual energy savings attributed to the installation of insulated covers for the two melting
pots is:

_ Heat Lossg,, case — Heat LoSSg o
ex post Burner Efficiency

Annual energy savings

_ 9.107-232
0.80 Burner efficiency rating

=11.094 therms / year.
There are no electric load impacts associated with this measure.

4.4.4 Comparison of Ex Ante and Ex Post Impact Estimates

Table 4-10 summarizes the ex ante and ex post load impact estimates. The ex post estimate is
slightly higher, with a realization rate of 1.08.

Table 4-10
Demand and Energy Impact Summary

Demand Energy Gas

(kW/Year) (KWh/Year) (Therms/Year)
Ex ante estimated gross impacts N/A N/A 10,321
Ex post estimated gross impacts N/A N/A 11,094
Difference N/A N/A 773
Realization Rate N/A N/A 1.08
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4.4.5 Persistence of the Measure

ASHRAE HVAC Handbook, 1987, Table 5 Equipment Service Life indicates a life for insulation
of process equipment of 20 years, thus, the 135 year ex ante value is conservative and appropriate.

4.5 1D No. 13792B - UPGRADE PROCESS FURNACE

4.5.1 Facility Information

This is a production facility in El Cajon, CA which produces stamped and forged metal parts,
mainly for the aerospace industry. Some of the manufactured parts must be heat treated as part
of the production process. The plant has a natural gas fired heat treatment furnace which.
according to ex ante measurements, operates 3,250 hours per year.

According to ex ante measurements, the outside shell of the heat treating furnace operates at
225°F which causes significant energy losses to the environment. The 12 burners in the furnace
are of a type which uses a minimum of 100% excess combustion air.

The baseline conditions for the furnace are shown in Table 4-11 for comparison is the furnace
operating with a shell temperature of 225°F, using the ex ante burners.

Table 4-11
Baseline Operating Conditions

Parameter Value
Shell temperature 225°F
Area of sides 203 ft°
Area of top 51ft°
Operating hours 3,250 hours/year
Shop terr'fperature 80°F

To improve the energy efficiency of the furnaces the following measures were implemented:
e improving the insulation in the walls of the heat treating furnace will reduce heat losses to
the environment; and

¢ replacement of the furnace burners with units that use less excess air to increase burner
efficiency and reduce natural gas consumption.

Energy savings are generated through:

e burning less gas to replace heat lost through the walls of the furnace; and

e from the improvement of burner efficiency allowing the furnace to perform its work
while burning less gas.
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4.5.2 Ex Ante Load Impact Estimation

The ex ante energy impacts from the furnace insulation were calculated as follows:

Burner efficiency = 65% for a 50 year old unit

Qw/nin.\‘ulaliw: = (hc +1/ 1, )lop (Ar ea)(AT) + (hc + hr ).\'ide (Ar ea)(AT)
=(2.68)(51s.£)(155°F) +(2.43)(203 s.f. )(155°F)
=97,645 Btu/ hour

o

= wlinsulation

=(h, +h,),,, (Area)AT) + (h. + h,) ;4 (Area)(AT)
=(2.00)(51 s.£.)50°F) +(1.82)(203 s.f.}(50°F)
=23,573 Btu/ hour

(meinsulation - Qw/in.mlalian) hour
Burner efficiency

therms saved =

_ (97645 - 23,573 Btu/ hour)(3,250 hours)

therms saved (insulation) ;... =

0.65 Burner efficiency

= 3,704 therms/ year

The ex ante energy impacts from the burner retrofits were calculated using the assumptions
shown in Table 4-12.

Table 4-12
Ex Ante Furnace Burner Retrofit Assumptions

Parameter Value
Sealed burner flow rate 135,000 Btu/hour
No. of burners 12
Diversity factor 50%
Fuel saving percentage 20%
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The ex ante energy savings from the retrofit of 12 furnace burners were calculated as follows:

. . , o .
therms saved(burner retrofits), . . = (Flow rate)(# burners)Operating hours)( Diversity factor)(% Fuel savings)
100,000 Bru / therm

(135,000 Bru / hour (12)(3,250hours / year}(0.2)
100,000 Bru / therm

=5,265 therms / year
Total savings are calculated as follows:

therms saved (total),. ... = therms saved (furnace insulation),, .,
+ therms saved (burner retrofit),, ..
= 3,704 + 5,265
= 8,969 therms / year

4.5.3 Ex Post Load Impact Estimation

The following equation for estimating heat loss was taken from Mark's Mechanical Engineers
Handbook:

Heat Loss = A(h, +~ h,)AT,
where,
A = transfer area,
h. = convective heat transfer coefficient, ‘
h, = radiation heat transfer coefficient, and , |
AT = difference between surface and ambient temperatures. |

Using values from Table 11 in Mark’s Mechanical Engineers Handbook:

For the top surface at 225° F:
(h,+h,) = 2.62 Btu/ hour - fi"-°F

For the walls at 225° F:
(h,+h,) = 2.37 Btu/ hour - fi*-°F
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Heat losses are calculated as:

Heat Lossr,, suppace =51 ft*x2.62 Btu / hour - ft’ —° F x (225 - 80)° F.
=19,755 Btu / hour.

Heat Lossg,,, =203 ft*x2.37 Btu/ hour - ft* —° F x (225 - 80)° F,
=69,761 Btu / hour.

Heat Lossy,, = Heat LosSz,, gy, + Heat Lossg;4,,
=19,755 + 69,761,
= 89,516 Bru/ hour.

Table 4-13 shows the manufacturer’s specifications on the flow rates for the baseline burners at
high and low fire.

Table 4-13
Flow Rates of Baseline Burners

Parameter Value
Flow rate-high fire 135,000 Btw/hour/burner
Flow rate-low fire 13,500 Btu/hour/burner
Burner efficiency 33%

To provide 89,516 Btu/hour, the burners must operate at low fire 55% of the time. The volume
of natural gas required to supply this heat is:

(13,500 Bru / hour)(12 burners)(0.55 Duty Cycle)(3,250 hour / year)

Fuel Required g, ;.. =
9 Baseline 0.33 Burner Efficiency x 100,000 Btu / therm

= 8,775 therms / year
Ex post measurements indicate the furnace shell temperature was 150°F.
Using Table 11 from Mark’s Mechanical Engineers Handbook:

For the top surface at 150°F:
(h, +h,) = 2.14 Btu/ hour- ft*-°F

For the walls at 150°F:
(h, +h,) = 1.94 Btu/ hour- ft’-°F
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Heat losses are calculated as:

Heat LosSqp surpace =51 ft*x2.14 Btu/ hour - ft*~° F x (150 - 80)° F.
= 7,640 Btu / hour.

Heat Lossg;., =203 ft*x1.94 Btu / hour - ft> -° F x (150 - 80)°F,
=27,567 Btu/ hour.

Heat Lossy,, = Heat LosSyq, gyeace + Heat Lossgye
=7,640 + 27,567,
= 35,207 Btu/ hour.

Ex post measurements show that the burner efficiency is 64% at high fire and 41.3%
To provide 35.207 Btu/hour, the burners must operate at low fire 22% of the time. TI
require a gas input of:

_ (13,500 Bru / hourx12 burners)(0.22 Duty cycle)(3,250 hour .

Fuel Requiredy, ;. . =
9 Baseline 0.41 Burner efficiency x 100,000 Btu / therm

=2.825 therms / year

The total ex post energy savings from the installation of the furnace insulation and th.
is:

Total Energy Savings,, ,,, = Fuel Required ., — Fuel Required 4.,

=8,775 -2.823 therms / year
= 5,950 therms / year

4.5.4 Comparison of Ex Ante and Ex Post Impact Estimates

As shown in Table 4-14, a comparison of the ex ante and ex post savings estimates st
realization rate of 0.66. A major source of the difference is that the ex ante analysis t
insulation upgrade and the burner retrofit as separate measures, this ignores the inter:
measures and overstates the potential savings. The ex ante analysis assumed a burne
of 65% while measurements show it to be 33%. '
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Table 4-14
Demand and Energy Impacts
Demand Energy Gas
{(kW/Year) (kWh/Year) (Therms/Year)
Ex ante estimated gross impacts N/A N/A 8,969
Ex post estimated gross impacts N/A N/A 5.950
Difference N/A N/A 3,019
Realization rate N/A N/A 0.66

4.5.5 Persistence of the Measure

ASHRAE HVAC Handbook 1987, Table 5 Equipment Service Life states a life of 20 years for
insulation of process equipment and 21 years for burner retrofits, thus, the 15 year life assigned is
conservative and appropriate.

4.6 ID No. 13893 - CONVERSION OF CLEANING PROCESS

4.6.1 Facility Information

This is a production facility in Oceanside, CA which manufactures precision electronic
connectors for the defense and aerospace industries. The plant operates 16 hours per day. 355
days per year (5,680 hour per year). The newly machined parts must be cleaned thoroughly
before they are plated. This cleaning is done by using two solvent vapor degreasers.

The solvent vapor degreasers are electrically heated, using a total of 114 kW continuous power to
maintain the required vapor density in the tanks.

By changing the process from two solvent vapor degreasing tanks to an aqueous/soap degreasing
system consisting of five tanks, the heating energy use can be reduced substantially. The savings
are achieved because the solvent vapor degreasers require continuous heating to maintain the
vapor blanket in the cleaning tank, while the aqueous/soap degreaser requires only enough heat
to maintain the water based solutions in the five tanks at 150°F.

4.6.2 Ex Ante Load Impact Estimation

Operating hours for the facility is 5,680 hours per year.

Baseline consumption comes from solution tanks in two areas, the machine shop and plating
shop. The total demand for the tanks in these areas is:

KW g = (78 kW) + (36 kW)

=114 kW

aseline
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The energy consumption is:

k WhBusuline = (k IVli’asclinu )( Op er ating hOllI 'S)
= (114 kW)(5,680 hours / year)
=647.520 kWh / year

Heat is required to maintain the tanks at 150°F. The heat loss for the tanks is:

Heat required for each tank = 15,520 Btu / hour

15,520 Btu / hour
3,413 Btu/ kWh

=4.55 kW

kWh per tank = (4.55 kW)(5,680 hours / year)
=23.844 kWh/ year / tank

kWh five tanks = (5 tanks)(25,844 kWh/ vear / tank)
=129,220 kWh/ year

The ex ante load impacts attributable to the measure are:

kW reduced g, pjine = kWaaseine — KW paseiine
=]14-455
=109.45 kW

kWh saved g =kWh

‘Baseline — kW, hRe !mﬁl)
=647,520 -129,220
=3518.300 kWh / year

aseline

4.6.3 Ex Post Load Impact Estimation

Between the time of this retrofit and the ex post site visit, the system had been further modified
to increase its production rate and to use natural gas as a heat source, rather than electricity.
Because of this, information was taken from the project file to estimate the ex post load impacts

of the measure.
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The baseline for comparison is the plant operating on its normal schedule with the electrically
heated solvent vapor degreasers. According to ex ante measurements the solvent vapor
degreasers use 114 kW continuously, so the annual energy consumption is:

kW,

Baseline

=114 kW

k Whl}a.\'elinc = (k ;VBaseline ) ( Op erat lng hOll’ ‘S)
= (114)(5.680 hours / year)
=647,520 kWh/ year

From information in the project file:

Heat loss from liquid surface = 1,040 Btu/ hour - sf
Heat loss from sides and bottom = 180 Btu/ hour - sf

Each tank is 4-ft L x 2-ft W x 3-ft H, therefore, heat loss is:

Total heat loss = [(4x2)(1,040)]+ [[(2x3x4) +(2x2x3) + 2x4)1 80)]
=16.240 Btu/ hour

_16.240 Btu/ hour
3,413 Btu/kWh

=4.76 kW

It is possible that all five tanks could be in heating mode at the same time, so the peak demand
would be:

kW s = (3 tanks)(4.76 kW / tank)
=23.8 kW

It is conservative to assume that this is also the average demand.
The annual energy consumption for heating is:

kWh e = (KWn )(5,680 hours/ year)
=135,135 kWh/ year
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In addition to the above, the project file lists a collection of pumps, motors and controls which
are part of the aqueous/soap degreaser system. This group requires:

Peak kW i = 16.10 kW
Average kW i = 10.19 kW
Annual kWh i = 57,865 kWh

The total peak demand and energy consumption for the retrofit is:

kW, = kW,

ex post tanks

+ Peak kWp, e
=(23.8 kW) +(16.10 kW)
=39.9kW

kWh = KkWh s + kWhp,oaic

=(135.135)+(57,865)

=193,000

ex post tanks

The ex ante load impacts are:

kW reduced = kW kW

ex post exante ex post

=114-39.9
=741 kW

kWh saved = kWh + kWh

ex post ex ante X post

= 647,520~ 193,000
= 454,520 kWh / year

Table 4-15 shows the ex post load impacts by time-of-use period. This table typically
incorporates average kW values, thus the coincident impacts may not match the ex post kW
reduced shown above.
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Table 4-15
KW and kWh Impacts by Time-of-Use Period
kW Reduced
Coincident kW kWh
Average kW | with System | Adjustment Adjustment
Costing Period Reduced Peak Period Factor kWh Savings Factor

Summer On-peak 80.01 80.01 1.00 59,367 0.13
Summer Semi-peak 80.01 1.00 76,330 0.17
Summer Off-peak 27.14 0.34 53,629 0.12
Winter On-peak 80.10 80.10 1.00 35,324 0.08
Winter Semi-peak 73.94 0.92 141,299 0.31
Winter Off-peak 52.38 0.40 88,592 0.19
Totals 454,541 1.00

4.6.4 Comparison of Ex Ante and Ex Post Impact Estimates

As shown in Table 4-16, a realization rate for demand reduction of 0.68 and annual energy
savings of 0.88 was calculated. There are multiple reasons for the differences, the principal ones
are: (1) there is an arithmetic error in the ex anre calculation of the surface area of the tank which
understates the area, and. therefore, the heat loss from the tank by 10%; and (2) there is a group
of auxiliary equipment listed in the project file as part of the aqueous/soap degreaser svstem
whose demand and energy consumption is not included in the ex ante analysis.

Table 4-16
Demand and Energy Impact Summary

Demand Energy Gas

(kW/Year) (KWh/Year) (Therms/Year)
Ex ante estimated gross impacts 109.45 518.300 N/A
Ex post estimated gross impacts 74.1 454,523 N/A
Difference 354 63,777 N/A
Realization rate 0.68 0.88 N/A

4.6.5 Persistence of the Measure

No published data on the measure expected service life could be found, but the 15 year life
assigned appears reasonable and appropriate.
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4.7 ID No. 13968 - SoLID STATE FREQUENCY CONVERTER

- 4.7.1 Facility Information

This facility, located in San Diego, CA produces and tests electronic equipment. The plant
requires a supply of 400 Hz electricity for use in its testing work. It currently uses a
continuously running motor-generator set to provide the necessary power. The testing facilities
operate 24 hours per day, 365 days per year (8,760 hours per year). The power supply is
fully-loaded approximately 40% of the time and idle 60%.

The motor-generator set uses 25% of full load power (17 kW) when it is running idle. This
represents 89,350 kWh of energy wasted annually.

The savings are generated by the lower energy consumption of the solid state converter in no
load condition which occurs 60% of the time. There will be no demand savings from this
measure.

According to its manufacturer, a solid state frequency converter which would serve the testing
load has a power draw of 1.5 kW at idle. This would reduce the energy wasted to 7,880 kWh per
vear.

4.7.2 Ex Ante Load Impact Estimation

The ex anre load impact estimates used the assumptions shown in Table 4-17, resulting in ex ante
load impact estimates of 78,840 kWh per year in a simplified engineering analysis. No demand
benefits were claimed.

Table 4-17
Ex Ante Load Impact Assumptions
Parameter ' Value

Base case motor-generator load 68 kW
Base case motor-generator load at idle 17 kW (25% of full load)
Retrofit motor-generator load at idle 2 kW
System operates loaded 40% of year
System operates idle 60% of year

The ex ante energy use for the baseline configuration was:

kWhpg,eiine = (0.60 idle time)(17 kW@ idle) (8,760 hours/ year)
= 89,352 kWh
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SECTION 4 PROCESS MEASURES

The ex ante energy use for the retrofit configuration was:

kWhge o = (0.60 idle time)(2 kW@ idle)(8.760 hours/ year)
=10.512 kWh

The ex ante energy savings for the measure was:

k WhSaved =k WhBaselinc -k WhRe trofit
=89,352-10512
= 78,840 kWh/ year

4.7.3 Ex Post Load Impact Estimation

Interviews with facility staff indicate that the solid state frequency converter draws 1.5 kW in
idle mode which is consistent with the manufacturer’s specification. The assumptions used in
the ex post load impact estimation are shown in Table 4-18.

Table -4-18

Ex Post Load Impact Assumptions

Parameter Value

Base case motor-generator load 68 kW
Base case motor-generator load at idle 17 kW (25% of full load) _
Retrofit motor-generator load at idle 1.5 kW
System operates loaded 40% of year
System operates idle 60% of year

The energy impacts for the solid state frequency converter are shown in the following equations.

kWh; = (8,760 hours / year) * (%Idle) * (kW,),
where, ‘
i = base case or retrofit,
% Idle = 0.60, |
kW, =17 kW, when i = base case, and ;
kW, = 1.5, when i = retrofit.

kWh savedex post — k tha.\'e case kWhrelroﬁl .
=89,352-7,884 i
= 81,468 kWh

kW reduced,,, ,,, =0 kW N

4-23

—xeNERGY ||



SECTION 4 PROCESS MEASURES

The ex post kWh savings were estimated at 81,468 kWh. There are no ex post demand impacts
estimated. ~

Table 4-19 shows the ex post load impacts by time-of-use period. This table typically
incorporates average KW values, thus the coincident impacts may not match the ex post kW
reduced shown above.

Table 4-19
KW and kWh Impacts by Time-of-Use Period
kW Reduced
Coincident kw kWh
Average KW | with System | Adjustment Adjustment
Costing Period Reduced Peak Period Factor kWh Savings Factor

Summer On-peak 9.3 0 1.00 6,901 0.08
Summer Semi-peak 9.3 1.00 8,872 0.11
Summer Off-peak 9.3 1.00 18,377 0.23
Winter On-peak 9.3 0 1.00 4,101 0.05
Winter Semi-peak 9.3 1.00 17,772 0.22
Winter Off-peak 9.3 1.00 25,445 0.31
Totals 81,468 1

4.7.4 Comparison of Ex Ante and Ex Post Impact Estimates

Table 4-20 summarizes the ex ante and ex post load impact estimates. The only appreciable
difference between the ex ante and ex posr impact estimates is that the ex ante estimate assumed
the idle load for the solid state frequency converter to be 2.0 kW rather that the 1.5 kW used in
the ex post estimate. This resulted in a slightly higher ex post estimate.

Table 4-20
Demand and Energy Impact Summary
Demand Energy Gas
: (kW/Year) (kWh/Year) (Therms/Year)

Ex ante estimated gross impacts 0 78,840 N/A
Ex post evaluation gross impacts 0 81,468 N/A
Difference 0 -2,628 N/A
Realization Rate N/A 1.03 N/A

4.7.5 Persistence of the Measure

No published estimate for the life of the solid state frequency converter could be found, however,
the 15 year life assigned is reasonable and appropriate.
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4.8 ID No. 13976A - DowNsiIzE PROCESS VACUUM SYSTEM

4.8.1 Facility Information

This is a manufacturing facility in San Diego, CA which operates 8,500 hours per year. The
plant uses low pressure vacuum (28 inches-hg) for various production processes. The vacuum is
furnished by a 50 horsepower vacuum pump which operates at 100% load continuously,
regardless of demand for vacuum.

The plant’s manufacturing volume and, consequently, its demand for low pressure vacuum has
decreased substantially. so the unused branches of the vacuum system were closed off. After this
modification, the remaining system demand could be met by a 15 horsepower pump.

Replacing the 50 horsepower pump with a 15 horsepower unit will reduce demand and save
energy. The savings will be achieved because the plant will be operating a much smaller motor
to provide its requirements for low pressure vacuum.

4.8.2 Ex Ante Load Impact Estimation

The ex ante demand impact for the measure is:

_ (50 horsepower)(0.746 kW / horsepower)

kWBaseline - . .
0.90 efficiency rating
=414 kW
o _ (15 horsepower)(0.746 kW / horsepower)
Retrofit 0.90 efficiency rating
=124 kW
kW reduced exante kWBu.\'eline - kWRelroﬁ/
=414-124
=29.0 kW

The ex ante energy impact for the measure is:

kWh saved,, .. = (kW reduced,, ,,. X Operating hours)
= (29.0)(8,500)
= 246,500 kWh/ year
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4.8.3 Ex Post Load Impact Estimation

A site visit was made to verify that the changes had, in fact, been made. The wiring of the
equipment is of a sealed. moisture proof type so measurements could not be taken. Motor
nameplate data were taken.

Based on information provided in the Rebate Application Package and the MotorMaster
Database, demand and annual energy consumption were calculated for the ex ante and the ex post
configurations from which savings were derived.

The ex post energy use for the 50 horsepower baseline motor was:

o _ (50 horsepower)(0.746 kW / horsepower)
Baseline 0.90 efficiency rating

=414 kW

kWi hBaseIine = (k WBaeIine )( OP er ating hours )
= (41.4)8,500)
= 352,277 kWh/ year

The ex post energy use for the 15 horsepower retrofit motor was:

o _ (15 horsepower)(0.746 kW / horsepower)
Rerofi 0.85 efficiency rating

=132 kW

kWhRe,mﬁ, = (kW o  Operating hours)
= (13.2)(8,500)
=111,900 kWh/ year

The ex post load impacts for the measure was:

kWh saved,, ,,, = kWh

Baseline — kWhRe trofit
=352,277-111,900
=240,378 kWh / year

kW reducedex post =k WBas'eline - kW, Rerrofit

=414-132
=282 kW
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Table 4-21 shows the ex post load impacts by time-of-use period. This table typically
incorporates average kW values, thus the coincident impacts may not match the ex post kW
reduced shown above.

Table 4-21
KW and kWh Impacts by Time-of-Use Period
kW Reduced
Coincident kW kWh
Average KW | with System | Adjustment Adjustment
Costing Period Reduced Peak Period Factor kWh Savings Factor

Summer On-peak 28.2 28.2 1.00 20,924 0.09
Summer Semi-peak 28.2 1.00 26,903 0.11
Summer Off-peak 28.2 1.00 55,723 0.23
Winter On-peak 28.2 28.2 1.00 12,436 0.05
Winter Semi-peak 28.2 1.00 53,890 0.22
Winter Off-peak 25.6 0.91 © 70,042 0.29
Totals 239,918 0.99

4.8.4 Comparison of Ex Ante and Ex Post Impact Estimates

Table 4-22 shows a summary of the demand and energy impacts of the measure. A comparison
of ex ante and ex post estimates of load impacts show realization rates for demand reduction and
energy savings of 0.97 and 0.98, respectively. The differences are mainly due to the assumption
in the ex ante estimate of a motor efficiency for the 15 horsepower motor of 90% while the
MotorMaster Database shows the efficiency of for the specific motor in question is 835%.

Table 4-22 i
Demand and Energy Impact Summary

Demand Energy - Gas

(kW/Year) (kWh/Year) (Therms/Year)
Ex ante estimated gross impacts 29.0 246,500 N/A
Ex post estimated gross impacts 28.2 240,378 N/A
Difference 0.8 6,122 N/A
"Realization rate 0.97 0.98 N/A

4.8.5 Persistence of the Measure

The 15 year life assigned is consistent with the ASHRAE Journal article, Service Lives, in the
December 1988 edition.
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4.9 |ID No. 13976B - Downsize DEIONIZED WATER SYSTEM

4.9.1 Facility Information

This is a manufacturing facility in San Diego, CA which operates 8,500 hours per year. The
plant uses deionized water for various production processes. The deionized water is provided by
a system that sterilizes water with ultraviolet radiation and passes it through a deionizing system.
The deionized water is distributed by a separate pump through the distribution system. The
ultraviolet sterilizer consists of numerous modules, each of which draw 0.75 kW continuously
when the plant is in operation. The pumping of water to pass it through the deionizer system is
performed by a set of 40 horsepower pumps which operate at 75% load when the plant is in
operation. Distribution of the deionized water is provided by a 30 horsepower pump which
operates at 75% load.

The plant’s manufacturing volume and, consequently, its demand for deionized water has
decreased, so the production and distribution system for it could be downsized. The system is
configured so that the power draw by the sterilizers, circulation pumps, and distribution pump are
constant regardless of demand for deionized water.

By reconfiguring the deionized water system, seven ultraviolet sterilizer units were eliminated,
the circulation pumping capacity was reduced so that one 40 horsepower pump can be removed,
and the distribution pumping requirements were reduced from 30 horsepower to 7.5 horsepower.
The 7.5 horsepower pump still operates at 75% of capacity.

4.9.2 Ex Ante Load Impact Estimation

The total load impacts for the reconfigured deionized water system are: 42.8 kW and 363,779
kWh for demand and energy impacts, respectively. These figures were estimated using accepted
engineering algorithms for estimating energy use for motors.

4.9.3 Ex Post Load Impact Estimation

A site visit was made to verify that the changes had, in fact, been made. The wiring of the
_equipment is of a sealed, moisture proof type so electrical measurements could not be performed.

The baseline condition for comparison is the plant with current demand for deionized water,
operating with a multi-unit sterilizer, a multi-unit circulation pump system and a 30 horsepower
distribution pump. All pumps operate at 75% load 8,500 hours per year.

Reconfiguration of the system allowed removal of one 40 horsepower circulation pump which
had run full time at 75% capacity and seven ultraviolet sterilizer units. Additionally, a 30
horsepower distribution pump which operated full time at 75% load was replaced with a 7.5
horsepower pump operating under 75% load. The ex post load impacts were estimated for each
component of the reconfigured system.
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Circulating Pump

One 40 horsepower pump was removed from service. From the MotorMaster Database, motor
efficiency for the 40 horsepower motor is 0.92

_ (40 hp)(0.746 kW / hp)(0.75 loading)

Circulating pump —

kW reduced - -
0.92 efficiency rating

=243 kW
Sterilizer
Seven sterilizer units were removed from service.

kW reduced = (7 units)(0.75 kW / unit)

=3525kW

Sterilizers

Distribution Pump
A distribution pump could be downsized from 30 horsepower to 7.5 horsepower. From the
MotorMaster Database, the motor efficiency for the 30 horsepower motor is 0.92 and 0.85 for the

7.5 horsepower motor.

_ (30 hp)(0.746 hp / kW)(0.75 loading)

kW,

Baseline = (092 efficiency rating)
= 1825 kW
(7.5 hp)(0.746 hp / kW)(0.75 loading)
k WRelroﬁ/ =

(0.85 efficiency rating)

=494 kW

kW r educeddislribuliun pump = kW, Baseline — k WRe trofit
=1825-4.94
=1331kW
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Total Ex Post Load Impacts

kW reduced = kW reduced

ex post + kW reduced + kW reduced

circulatingpump sterilizer

=24.33+525+1331
=42.89 kW

distributionpump

kWh saved .., ,,, = (kW reduced,, ,,, X Operating hours)

= (42.89 kW)(8,500 hours/ year)
= 364,565 kWh/ year

Table 4-23 shows the ex post load impacts by time-of-use period. This table typically
incorporates average kW values, thus the coincident impacts may not match the ex post kW
reduced shown above.

Table 4-23
kW and kWh Impacts by Time-of-Use Period
kW Reduced
Coincident kW kWh
Average kW | with System | Adjustment Adjustment
Costing Period Reduced Peak Period Factor kWh Savings Factor
Summer On-peak 42.89 42.89 1.00 31,824 0.09
Summer Semi-peak 42.89 1.00 40,917 0.11
Summer Off-peak 42.89 1.00 84,751 0.23
Winter On-peak 42.89 42.89 | 1.00 18,914 0.05
Winter Semi-peak 42.89 1.00 81,963 0.22
Winter Off-peak 38.81 0.90 106,184 0.29
Totals 364,553 1

4.9.4 Comparison of Ex Ante and Ex Post Impact Estimates

Table 4-24 provides a summary of the demand and energy impacts for the measure. The ex ante

and ex post load impacts for the reconfiguration of the deionized water system were virtually
identical. The small differences are primarily due to the assumption in the ex ante analysis of
motor efficiency for all the motors of 90% while the MotorMaster Database shows different
efficiencies for the respective motors.
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Table 4-24
Demand and Energy Impact Summary

Demand Energy Gas

(kW/Year) (kWh/Year) (Therms/Year)
Ex ante estimated gross impacts 43 363,779 N/A
Ex post estimated gross impacts 42.89 364,565 N/A
Difference 0 786 N/A
Realization rate 1.00 1.00 N/A

4.9.5 Persistence of the Measure

The 15 year life assigned is consistent with the ASHRAE Journal article, Service Lives, in the

December 1988 edition.

4.10 ID No. 13976C - MoDIFY NITROGEN VAPORIZER

4.10.1 Facility Information

This is a manufacturing facility in San Diego, CA which operates 8,500 hours per year. The
plant uses substantial quantities of gaseous itrogen for its operations. The nitrogen is delivered
and stored in liquid form and is vaporized as needed. The plant uses a forced draft vaporizer
which uses two five horsepower fans to move ambient air over the vaporizer coils to provide

heat.

The plant’s manufacturing volume and, consequently, its demand for nitrogen has decreased
substantially, so the vaporizer system can be downsized. The system is configured so that the
power draw by the fan is constant regardless of the demand for nitrogen.

By reconfiguring the vaporizer, the vaporizer can be made to deliver adequate gaseous nitrogen
with natural convection and the fans can be removed. The savings will be achieved because the
plant no longer operates the two five horsepower fans.

4.10.2 Ex Ante Load Impact Estimation

The ex ante demand impact were calculated as:

_ (5 hp)(0.746 hp / kW)

kW reduced

exante ™

=83 kW

(0.90 efficiency rating)

(2 motors)
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The ex ante energy impact from the removal of the two fans is:

kWh saved . 4. = (kW reduced,, ,,, X Operating hours)
= (8.3 kW)(8,500 hours/ vear)
= 70,456 kWh/ year

4.10.3 Ex Post Load Impact Estimation

Reconfiguration of the system allowed removal of two five horsepower fans that operated
continuously at full load. From the MotorMaster Database, the motor efficiency for the five
horsepower fan motors is 82%.

The ex post demand impacts from the removal of the two fans is:

(3 hp)(0.746 hp / kW)

expost

kW reduced

- (2 motors)
(0.82 efficiency rating)

=9.10 kW

The ex post energy impacts from the removal of the two fans is:

kWh saved, ,,,, = (kW reduced, ,,,, X Operating hours)

= (9.10 kW)(8,500 hours/ vear)
= 77,350 kWh/ year

Table 4-25 shows the ex post load impacts by time-of-use period. This table typically
incorporates average kW values, thus the coincident impacts may not match the ex post kW
reduced shown above.

‘Table 4-25
kW and kWh Impacts by Time-Of-Use Period
kW Reduced
Coincident kW kWh
Average kW | with System Adjustment Adjustment
Costing Period Reduced Peak Period Factor kWh Savings Factor

Summer On-peak 9.10 9.1 1.00 6,752 0.09
Summer Semi-peak 9.10 1.00 8,681 0.11
Summer Off-peak 9.10 1.00 17,982 0.23
Winter On-peak 9.10 9.1 1.00 4,013 0.05
Winter Semi-peak 9.10 1.00 17,390 0.22
Winter Off-peak 8.24 0.91 22,545 0.29
Totals 77,363 1
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4.10.4 Comparison of Ex Ante and Ex Post Impact Estimates

As shown in Table 4-26, a comparison of the ex post impact calculations to the ex ante estimates
shows a realiztion rate for demand saving of 1.14, and for annual energy savings of 1.10. The
differences are primarily due to the ex ante assumption of motor efficiency to be 90% while the
ex post estimates used a motor efficiency taken from the MotorMaster Database of 82% for the
specific motors removed.

Table 4-26
Demand and Energy Impact Summary

Demand Energy Gas

(kW/Year) (kWh/Year) (Therms/Year)
Ex ante estimated gross impacts . 8.0 70,456 N/A
Ex post estimated gross impacts 9.1 77,350 N/A
Difference 1.1 6,894 N/A
Realization rate 1.14 1.10 N/A

4.10.5 Persistence of the Measure

The 15 year life assigned is consistent with the ASHRAE Journal article, Service Lives, in the
December 1988 edition. -

4.11 1D No. 13983 - AIR COMPRESSOR REPLACEMENT

4.11.1 Facility Information

This is a manufacturing facility in Carlsbad, CA which operates 24 hours per day Monday
through Friday and 16 hours per day on Saturday and Sunday. It is closed for 8 holidays per
year. The total operating hours are 7,736 hours per year. During periods when the production
facility is closed, the compressed air system continues to run at a minimum load. The plant’s
compressed air requirements are furnished by two 100 horsepower compressors which are
configured so that each furnishes half of the requirement and the two compressors operate
independently. The two compressors installed have poor part load efficiencies, and the
configuration forces them both to operate at part load most of the time.

Replacing one of the compressors with a unit that has a higher part load efficiency reduced
energy consumption. Energy is saved under part load conditions because of the higher operating
efficiency of the new unit. Part load conditions prevail most of the time in this system.
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4.11.2 Ex Ante Load Impact Estimation

An engineering analysis using spreadsheet calculations was used to estimate the ex ante load
impacts for this measure. The analysis estimated the impacts for the two 100 horsepower
compressors. However, only one compressor was installed. These calculations were divided in
half to represent the ex ante load impact estimates for the one installed compressor.

The ex ante demand reduction was 4.5 kW. The ex ante energy savings was 108,712 kWh.
4.11.3 Ex Post Load Impact Estimation

The site was visited on December 11, 1996, and the new equipment was inspected. Spot
measurement of power, kVA, power factor, voltage, and current were taken from the new
compressor. A current logger was installed on the new compressor and allowed to gather data
for eight days. These data were used with manufacturer’s performance data to calculate ex post
annual energy consumption and peak demand.

The baseline for comparison is the plant operating with all of its compressed air demand
furnished by two compressors with the characteristics of the pre-retrofit compressors, each
providing one half of the requirement and operating independently of the other machine.

Ex ante measurements were used to generate a load profile for the compressor. This profile was
converted to demand levels using manufacturer’s performance data. The ex ante analysis
indicates that the peak demand is 89.5 kW. The baseline hourly load profile is in Table 4-27
under the columns titled “kW Pre-Retrofit.”
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1
Table 4-27
Hourly Load Profiles
Summer Winter
Weekdays Weekends & Holidays Weekdays Weekends & Holidays
kW kwW kW kW kW kW kW
kW Pre-| Post- |kW/kWh| Pre- Post- | kW/kWh| Pre- Post- | kW/kWh] Pre- Post- | kW/kwh
Hour| Retrofit | Retrofit | Saved ] Retrofit | Retrofit| Saved | Retrofit | Retrofit| Saved | Retrofit| Retrofit| Saved

1 76.40 64.80 11.60 76.40 58.50 17.90 76.40 64.80 11.60 76.40 58.50 17.90
2 75.60 64.80 10.80 75.60 58.50 17.10 75.60 64.80 10.80 75.60 58.50 17.10
3 75.20 64.80 10.40 75.20 58.50 16.70 7520 | 64.80 10.40 75.20 58.50 16.70
4 74.80 64.80 10.00 74.80 58.50 16.30 74.80 { 64.80 10.00 74.80 58.50 16.30
5 74.80 64.80 10.00 74.80 58.50 16.30 74.80 | 64.80 10.00 74.80 58.50 16.30
6 75.20 64.80 10.40 75.20 58.50 16.70 75.20 64.80 10.40 75.20 58.50 16.70
7 76.00 64.80 11.20 76.00 58.50 17.50 76.00 64.80 11.20 76.00 58.50 17.50
8 76.80 64.80 12.00 76.80 58.50 18.30 76.80 64.80 12.00 76.80 58.50 18.30
9 78.70 64.80 13.90 78.70 58.50 2020 | 78.70 | 64.80 13.90 78.70 58.50 20.20
10 81.70 64.80 16.90 81.70 58.50 23.20 81.70 | 64.80 16.90 81.70 58.50 2320
11 84.50 64.80 19.70 84.50 58.50 26.00 84.50 64.80 19.70 84.50 58.50 { 26.00
12 86.70 64.80 21.90 86.70 58.50 28.20 86.70 | 64.80 | 21.90 86.70 58.50 28.20
13 88.20 64.80 23.40 88.20 58.50 29.70 8820 | 64.80 23.40 88.20 58.50 29.70
14 89.10 64.80 24.30 89.10 58.50 30.60 89.10 64.80 24.30 89.10 58.50 30.60
15 89.50 64.80 2470 89.50 58.50 31.00 89.50 64.80 | 24.70 89.50 58.50 31.00
16 89.50 64.80 24.70 89.50 58.50 31.00 89.50 64.80 24.70 89.50 58.50 31.00
17 89.30 64.80 24.50 89.30 58.50 30.80 89.30 64.80 24.30 89.30 58.50 30.80
18 88.20 64.80 23.40 88.20 58.50 29.70 8820 | 64.80 23.40 88.20 58.50 29.70
19 86.70 64.80 21.90 86.70 58.50 28.20 86.70 64.80 21.90 86.70 58.50 28.20
20 84.50 64.80 19.70 84.50 58.50 26.00 84.50 64.80 19.70 84.50 58.50 26.00
21 81.40 64.80 16.60 81.40 58.50 22.90 8140 | 64.80 16.60 81.40 58.50 22.90
22 78.00 64.30 13.20 78.00 58.50 19.50 78.00 64.80 13.20 78.00 58.50 19.50
23 76.40 64.80 11.60 76.40 58.50 17.90 76.40 64.80 11.60 76.40 58.50 17.90
24 76.40 64.80 11.60 76.40 58.50 17.90 76.40 | 64.80 11.60 76.40 58.50 17.90

Ex post measurements taken on-site show that the new compressor has an average demand of
64.8 kW and a peak demand of 72.8kW from Monday through Friday. On Saturdays, Sundays,
and holidays, the average demand is 58.5 kW with a peak demand of 69.0 kW. These data are
shown in Table 4-27 under the column “kW Post-Retrofit.”

The demand reduced attributed to the measure is:

kW reduced =89.5-72.8

=16.7kW

ex post

Table 4-28 shows the energy savings by season and time period, as well as the total annual
ex post energy savings of 162,350 kWh per year.
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Table 4-28
Ex Post Energy Impacts
Weekdays Weekends & Holidays
SUMMER (106 Days) (47 Days)
# Hours {Per Day | kWh |# Hours {Per Day kWh
Max On-peak kW 7 24.70 N/A
Max Semi-peak kW 9 23.40 N/A
Max Off-peak kW 8 13.20 24 31.0
Average On-peak kW: 7 2331 N/A
Average Semi-peak kW: 9 16.22 N/A
Average Off-peak kW: 8 11.15 24 229
Summer kW Coincident w/ 24.50
System Peak _
Summer On-peak kWh 7 163} 17,299 N/A
Summer Semi-peak kWh 9 146} 15,476 N/A
Summer Off-peak kWh 8 891 9,455 24 550{ 25,831
Total Summer kWh 42,230 25,831
Weekdays Weekends & Holidays
WINTER (147 Days) (65 Days) _
# Hours | Per Day | kWh | # Hours | Per Day | kWh

Max On-peak kW 3 23.40 N/A
Max Semi-peak kW 13 24.70 N/A
Max Off-peak kW 8l 11.60 24 31.0
Average On-peak kW: 3 21.67 N/A
Average Semi-peak kW: 13 19.00 N/A
Average Off-peak kW: 8 10.80 24 229
Winter kW Coincident w/ 23.40 N/A
System Peak
Winter On-peak kWh 3 65| 9,555 N/A
Winter Semi-Pk kWh 15 247] 36,309 N/A
Winter Off-peak kWh 8 86| 12,701 24 549.6{ 35,724
Total Winter kWh 58,565 35,724
TOTAL kWh/year 162,350

4.11.4 Comparison of Ex Ante and Ex Post Impact Estimates

As shown in Table 4-29, a comparison of the ex ante and ex post estimates of peak demand
reduction gives a realization rate of 3.1. This is largely due to the use of average demand in
place of peak demand in the ex ante analysis. Annual energy savings show a realization rate of
1.49. This is partly due to the use of the same average demand values for all days of the year in
the ex ante estimates, while the ex post measurements indicate that the average demand is less
on weekends and holidays. The average demand values measured ex post are also lower than
those assumed in the ex ante analysis.
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Table 4-29
Demand and Energy Impact Summary

Demand Energy Gas

(kW/Year) (kWh/Year) (Therms/Year)
Ex ante estimated impacts 4.5 108,712 N/A
Ex post estimated gross impacts 16.7 162,350 N/A
Difference -12.2 -53,638 N/A
Realization rate 3.71 1.49 N/A

4.11.5 Persistence of the Measure

The expected service life for this measure of 20 years seems to be somewhat higher than for
similar measures. :

4.12 ID No. 14082 - Downsize AIR COMPRESSOR

4.12.1 Facility Information

This is a manufacturing facility in El Cajon, CA which produces precision metal parts, mostly for
the aerospace industry. Compressed air is used throughout the plant for a variety of purposes.
The plant operates Monday through Friday 7 a.m. until 11 p.m. and Saturday 6 a.m. until 2 p.m.
There is equipment in the plant that requires a constant supply of compressed air 24 hours per
day, 7 days per week, 365 days per year. The compressed air is currently supplied by a 50
horsepower screw type compressor with output modulation to match demand..

Due to changes in operations which have decreased the demand for compressed air, the existing
50 hp screw type compressor is oversized and operates typically at less than 60% of full load.
This type of compressor has a poor part load efficiency, it draws 90% of full load power when its
load is 60% or less of full load.

A 15 hp reciprocating unit with on-off control will have a power demand which is roughly
proportional to the load. In addition, a load which represents 60% of the capacity of the 50 hp
compressor is full load for the new unit, so it will operate at maximum efficiency. The savings
are achieved because a smaller motor is being operated and because the compressor is operating
in its most efficient range.

4.12.2 Ex Ante Load Impact Estimation

The demand reduction for the measure was estimated using an engineering analysis. When the
compressor operates at 60% load it still requires 90% of full power. This is reflected in the
engineering analysis as the load factor adjustment of 0.9.
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kW reduced

exante — kW, Baseline — kW, Rerrofit
W, = (50 horsepower)(0.7.46 kW /. horsepower) (Load factor adjustment)
i 0.90 efficiency rating
= (414) (0.9)
=373 kW
(15 horsepower)(0.746 kW / horsepower)
kWRetmﬁr = : ”
0.91 efficiency rating
=123 kW
kW reduced,, .. = 37.3-123
=250 kW

A spreadsheet analysis using the facility operating schedule and (kW reducedeygnze) t0 calculaté
the energy savings of 112,700 kWh.

4.12.3 Ex Post Load Impact Estimation

The site was visited and the installation inspected. Spot measurements of voltage, current,
power, kVA, power factor, and total harmonic distortion were taken. A current logger was
installed on the compressor and allowed to collect data for 48 hours. These data were used to
calculate ex post power demand and energy.

The baseline for comparison is the plant operating with the 50 hp screw type compressor loaded
at 60% of full capacity for 4,656 hour per year and at a low load, estimated at 15% of full load
the balance of the year.

According to manufacturer’s performance information, at 60% of full load or less, the 50 hp
screw type compressor draws 90% of full load power. The ex ante impact analysis shows that
the power demand for this machine at 60% of full load or less is:

kW, =37.3kW

Baseline

The baseline energy consumption is:

k WhBaseIine = (k WhBaseline) (Op erat lng hour S)
=(37.3)(8,760)
= 326,748 kWh

Ex post measurements indicate that the peak demand of the 15 hp compressor is 12.2 kW. The
average demand is 3.5 kW during normal plant operating hours (4,464 hours per year). During
the plant’s off hours (4,296 “off hours” per year) the peak demand will still be 12.2 kW, while
the average demand will be 0.88 kW.
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The retrofit energy consumption is:

kWhgopon, = (Average kW normal hours ., )(# Normal hours)
+ (dverage kW Off hours)(# Off hours)
=(3.5)(4,464)+ (0.88)(4,296)
= 19,405 kWh

The ex post demand reduction is:

kW = Peak kW,

€x post Baseline

=373-122
=251kW

— Peak kW, Retrofi

The ex post energy savings is:

kWh =k WhBaseIine - kWhRE"'Oﬁ’
= 3326,748 - 19,405

= 307,343 kWh

ex post

Table 4-30 shows the ex post load impacts by time-of-use period. This table typically
incorporates average kW values, thus the coincident impacts may not match the ex post kW
reduced shown above.

Table 4-30
kW and kWh Impacts by Time-of-Use Period
kW Reduced
Coincident kW kWh
Average KW | with System | Adjustment Adjustment
Costing Period Reduced Peak Period Factor kWh Savings Factor

Summer On-peak 33.8- 33.8 1.00 25,080 0.08
Summer Semi-peak 344 1.02 32,818 0.11
Summer Off-peak 36.1 1.07 71,334 0.23
Winter On-peak 33.8 36.2 1.01 14,906 0.05
Winter Semi-peak 34.0 1.01 64,974 0.21
Winter Off-peak 36.2 1.07 99,043 0.32

4.12.4 Comparison of Ex Ante and Ex Post Impact Estimates

Table 4-31 summarizes the ex ante and ex post load impact estimates. Comparison of the ex ante
and ex post values for demand reduction shows a 1.00 realization rate. The energy savings are
understated in the ex ante analysis such that the realization rate is 2.73. The difference is due to
differences in operating hours. Both analyses start with the operating schedule provided by the
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plant, Monday - Friday, 7 a.m. through 11 p.m. and Saturday 6 a.m. through 2 p.m. The ex ante
analysis counts this as 4,576 hours per year while it is really 4,464 hours per year. In addition,
ex post interviews with plant personnel indicate that the system operates at a capacity of 25% of
full load for the existing compressor when the plant is not in operation. The ex ante analysis
assumed that the compressor was turned off outside normal plant operating hours.

Table 4-31
Demand and Energy Impact Summary

Demand Energy Gas

(KW/Year) (kWh/Year) {Therms/Year)
Ex ante estimated impacts 25 112,700 N/A
Ex post estimated gross impacts 25.1 307,343 N/A
Difference 0 194,343 . N/A
Realization rate 1.00 2.73 N/A

4.12.5 Persistence of the Measure

The assigned 20 year life of the measure is reasonable for a normally operated unit, however,
with the extended hours of operation, the 20 vear life may be optimistic.

4,13 ID No. 14092 - DownsiIzeE AIR COMPRESSOR

4.13.1 Facility Information

This is a metal fabrication company which produces precision forged parts for the aerospace
industry. The plant operates 7 a.m. to 3:30 p.m. Monday through Friday with nine holidays per
year (a total of 2,140 hours per year). The plant is provided compressed air by two compressors,
a 125 hp rotary screw type machine and a 50 hp unit.

Ex ante measurements show that the plant requires an average of 400 cfm 25% of the time and
163 cfm 75% of the time. The 125 hp compressor has a capacity of 540 cfm and the 50 hp
compressor has a capacity of 200 cfm. The 125 hp compressor operates at 74% load 25% of the
time and 30% load 75% of the time and it performs inefficiently at these low load conditions

By replacing the 125 hp compressor with one rated at 50 hp, the 400 cfm load is served by using
both 50 hp compressors at 100% load, and when the load decreases to 163 cfm, one compressor
can meet the demand at 82% load.

The savings are achieved because smaller motors are operated and the compressors are operating
in their most efficient operating range.
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4.13.2 Ex Ante Load Impact Estimation

The ex ante load impacts were estimated using an engineering based analysis. A spreadsheet was
used to calculate the demand impacts of:

kW reduced exante = kWBaxelinc -k WRe trofit
kW reduced,, ;. =102 - 82
=20kW

The ex ante energy savings estimate was based on an average hourly savings estimate that
considered the load following pattern of the secondary compressor. The primary compressor
would run 100% of the time, while the secondary unit would operate 25% of the time.

The daily kWh usage for the baseline unit was calculated as:

kWh daily g e = (8 hours)(0.75 loading factor)(75 kW of primary compressor)
+ (8 hours)(0.25 loading factor)(1_02 kW of secondary compressor)
=654 kWh / day

The daily kWh usage for the retrofit unit was calculated as:

kWh daily p,y,es, = (8 hours)(1.00 loading factor)(40 kW of primary compressor)

+ (8 hours)(0.25 loading factor)(42 kW of secondary compressor)
= 404 kWh/ day

The average daily savings and average hourly savings were calculated as:

=kWh dally Baseline ~ kWh dally Retrofit
= 654 - 404
=250 kWh/ day

Average daily kWh

Savings

Average daily kWh

avings

Average daily kWhg,,,,,. = 27
ours

These values were used with facility operating schedule information in a spreadsheet to calculate
the ex ante energy savings of 63,750 kWh.
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4.13.3 Ex Post Load Impact Estimation

Spot measurements were taken on both compressors which included power, power factor.
voltage, current, and total harmonic distortion. Current loggers were installed on the
compressors and allowed to gather data for 4 days. The data were used to calculate power and
energy input to the compressors which were in turn compared to the baseline.

Ex post monitoring data show that the plant is currently operating from 5:30 a.m. to midnight
Monday through Friday, and the loggers recorded no occasions where the demand for air
exceeded the capacity of one compressor. Interviews with plant personnel indicate that the plant
operates two shifts 10% of the time and the operation of two forging machines, which requires
the use of the second compressor, occurs about 15% of the time. This represents a significant
change in operation from that used in the ex ante analysis.

Considering the operating conditions the facility operations schedule shown in Table 4-32.

Table 4-32
Ex Post Facility Operations Schedule
Schedule Duration Operating Schedule
10% of the days 18.5 hours per day

2 hours @ 400 cfm load compressed air load
16.5 hours @ 163 cfm compressed air load
8 hours per day
1 hour @ 400 cfim of compresses air load
7 hours @ 163 cfm compressed air load

90% of days

This schedule was translated to the share of total work hours the compressed air facility would
operate to meet the demand for compressed air shown in Table 4-33.

Table 4-33
Share of Total Work Hours

Percent of
Work Days

No. Days

No. Hours
At High
Compressed
Air Demand

No. Hours
At Low
Compressed
Air Demand

10%

253

50.6

417.45

90%

227.7

227.7

1593.9

Toral

2783

2011.35

The operating characteristics from the project file shown in Table 4-3 were used to develop the

baseline condition.
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Table 4-34
EX Post Baseline Condition Equipment Assumptions
Equipment Load/Qutput Value
125 hp compressor 400 cfm 102 kW
175 cfm 75 kW

The baseline energy and demand values were calculated as:

k WhBaseline = (k WHigh load )( Hours at hlgh load) + (k WLow load )(Hour s at low load)

= (102 kW)(278.3 hours / year) + (75 kW)(201 1.4 hours/ year)
=]79,238 kWh

kWBaseline =k WHigh load
=102 kW

Ex post measurements show that the average current draw for the new compressor is 58.4 amps
at 460 Volt, 3 with a power factor of 0.84. The demand for the new compressor is, therefore,
39.1 kW. When the demand for compressed air is increased by operation of the second forging
machine, the air demand will require the use of two compressors. The kW for the two

compressors is 78.2 kW. Applying the same duty cycle as the baseline, the retrofit energy and
demand is:

kWh R;,mﬁ, = (KW yigh 1oaa Y Hours at high load)+ (kW ., ;... (Hours at low load)

=(78.2 kW)(278.3 hours / year)+ (39.1 kW)(2011.4 hours/ year)
= 100,407 kWh

k pVRelroﬁl =k WHigh load
=782 kW

The ‘ex post load impacts are:

kWh saved,, ,,, = kWh

Baseline ~ k WhRelroﬁt
= 179,238 -100,407
=78,831 kWh

kW reduced = kW,

ex post Baseline — k WRelroﬁl

=102-78.2
=23.8kW

4-43

—XENERGY




PROCESS MEASURES

SECTION 4

Table 4-35 shows the ex post load impacts by time-of-use period. This table typically
incorporates average kKW values, thus the coincident impacts may not match the ex post kW
reduced shown above.

Table 4-35
kW and kWh Impacts by Time-of-Use Period
kW Reduced
Coincident with kWh
Average kW System Peak kW Adjustment Adjustment
Costing Period Reduced Period Factor kWh Savings Factor
Summer On-peak 342 36 1.00 25,376 0.32
Summer Semi-peak 8.0 0.23 7,632 0.10
Summer Off-peak 0 0.00 0 0.00
Winter On-peak 12.0 36 1.00 5,292 0.07
Winter Semi-peak 21.2 0.62 40,513 0.51
Winter Off-peak 0 0.00 0 0.00
Totals 78.813 1.00

~ 4.13.4 Comparison of Ex Ante and Ex Post Impact Estimates

As shown in Table 4-36 the ex ante estimates understate the load impacts such that the
realization rate for demand reduction is 1.19 and for energy savings is 1.24. The differences in
demand reduction were primarily due to manner in which the ex ante demand reduction was
estimated through an average hourly energy use approach and that a conservative value was
selected for the demand reduction. The difference in the energy savings is primarily due to the
increased operations for the facility.

Table 4-36
Demand and Energy Impact Summary

Demand Energy Gas

(kW/Year) (kWh/Year) (Therms/Year)
Ex ante estimated gross impacts 20 63,750 N/A
Ex post estimated gross impacts 23.8 78,831 N/A
Difference 38 15,081 N/A
Realization rate 1.19 1.24 N/A

4.13.5 Persistence of the Measure

The 15 year life estimated for the new air compressor is reasonable and consistent with other,
similar compressors.
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4.14 ID No. 14093 - DowNsize AIR COMPRESSOR

4.14.1 Facility Information

This is a metal fabrication company which produces precision forged parts for the aerospace
industry. The plant operates 7 a.m. to 3:30 p.m. Monday through Friday with nine holidays per
year for a total of 2,140 hours per year. The plant is provided compressed air by a 125
horsepower rotary screw type compressor.

Ex ante measurements showed that the plant required an average of 175 cfm and a peak which is
not much higher. The 1235 horsepower compressor had a capacity of 540 cfm. The 125 horse-
power compressor operates at 32% of full load. The compressor performed inefficiently at this
low load condition. ‘

By replacing the 125 horsepower compressor with a 50 horsepower unit, the 175 cfm load can be
served by operating the compressor at 88% of full load.

The savings are achieved because smaller motors are used to meet the demand and are operating
the compressor in its most efficient operating range.

4.14.2 Ex Ante Load Impact Estimation

A spreadsheet analysis was used to estimate the ex ante kW impacts of the measure. These
results were:

kWBaseline =75 kW
KW porrome = +0 kW
kw reducedex ante = k Baseline ~ k WRelroﬁl
275240
=35kW
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The ex ante energy savings were calculated through a spreadsheet analysis. These results were:

kn'th‘ch’nc = (8 hour. S) (75 k IV)
=600 kWh/ dav

KkWhg o = (8 hours)(40 kW)
=320 kWh / day

Aver. age dally k W hSm‘ing.\' = k WhBa.s'eIine
=600-320
=280 kWh/ day

- kWWh Retrofit

Savings

Average daily kWh
Average hourly kW, 0 =

8 hours

_ 280 kWh / day
8 hours

=35kW

The average hourly kW ;... was used with facility operating schedule information in an
engineering based spreadsheet analysis to estimate ex ante energy savings of 71,400 KkWh.

4.14.3 Ex Post Load Impact Estimation

Spot measurements were taken on the compressor which included power, power factor, voltage,
current, and total harmonic distortion. A current logger was installed on the compressor and
allowed to gather data for several days. The data were used to calculate power and energy input
to the compressors which were in turn compared to the baseline.

Ex post measurements indicate that the plant is currently operating from 5 a.m. to 12 Midnight
Monday through Friday. The baseline for comparison is the plant before compressor retrofit
operating 19 hours per day. Allowing for nine holidays per year, this is 4,807 hours per vear.

In addition to information gathered at the site visit, data was taken from the Rebate Application
packet furnished by SDG&E and from interviews of plant personnel.
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Baseline

The 125 hp compressor operating at 32% of full load draws a current of 113 amps at 460 Volts
3 with a power factor of 0.80. This translates to kWi = 72.0 kKW.

k WhBaseline = (k WBaseline ) (Op erat ing hour S)
=(72)(4.807)
= 346,104 kWh

Ex post measurements indicate that the new compressor draws an average of 44.6 amps at
484 Volts, 3 with a power factor of 0.87. This translates to KW = 32.5 kW.

kWhgeposs = (kW geipogi J(Operating hours)
=(32.5)(4,807)
156,228 kWh

The ex post load impacts for the measure are:

kW reduced expost k WBaseline - kW,

Retrofir
=72.0-325
=395 kW

kWh saved = kWh

ex post Baseline

- kWhRelroﬁr
= 346,104 -156,228
= 189,876 kWh

Table 4-37 shows the ex post load impacts by time-of-use period. This table typically

incorporates average kW values, thus the coincident impacts may not match the ex post kW
reduced shown above.

Table 4-37
kW and kWh Impacts by Time-of-Use Period
kW Reduced
Coincident 1434 kWh
Average kW | with System | Adjustment Adjustment
Costing Period Reduced Peak Period Factor kWh Savings Factor

Summer On-peak 39.5 39.5 1.00 29,309 0.15
Summer Semi-peak 39.5 1.00 37,683 0.20
Summer Off-peak 6.36 0.16 12,567 0.07
Winter On-peak 39.5 39.5 1.00 17,420 0.09
Winter Semi-peak 39.5 1.00 75,485 0.40
Winter Off-peak 6.37 0.16 17,428 0.09
Totals 189,892 1
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4.14.4 Comparison of Ex Ante and Ex Post Impact Estimates

Table 4-38 summarizes the ex ante and ex post load impact estimates. The ex anre demand
reduction estimate was somewhat lower than the ex post value in that it was taken from an
average value. The difference in energy savings is primarily due to the increased operating hours
used in the ex post estimation.

Table 4-38
Demand and Energy Impact Summary

Demand Energy Gas

(kW/Year) (KWh/Year) (Therms/Year)
Ex ante estimated impacts 35.0 71,400 N/A
Ex post estimated gross impacts 39.5 189,876 N/A
Difference 4.5 118,476 N/A
Realization rate 1.13 2.66 N/A

4.14.5 Persistence of the Measure

A published value for the estimated life of the new air compressor could not be found, however
the 15 year life assigned is consistent with other similar equipment and is appropriate.

4.15 1D No. 14115 - REPLACE COMPRESSED AIR PIPING

4.15.1 Facility Information

This manufacturing facility located in El Cajon, CA, produces metal parts and cutlery.
Compressed air is used throughout the plant for many purposes. The plant’s compressed air
distribution piping was made of PVC Schedule 40 pipe and has many leaks. A leakage rate of
270 cfm was determined through measurements. This rate is present at all times the plant is in
operation, which is nominally 24 hours per day, 5 days per week, 52 weeks per year.

Replacing the PVC compressed air distribution piping with copper pipe and implementing a
program of leak elimination throughout the plant reduced the demand for compressed air.
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4.15.2 Ex Ante Load Impact Estimation

The demand of the system is defined solely by the motor driving the compressor. The demand
for the motor was:

o _ (60 horsepower)(0.746 kW / horsepower)

exante ~

0.90 efficiency rating

=49.7 kW

A spreadsheet was used to calculate energy savings by combining the facility operating schedule
with the kWey gnre. The ex ante energy savings estimate was 307,941 kWh.

4.15.3 Ex Post Load Impact Estimation

The reduction in leakage lowered the compressor peak electrical demand by 47 kW and
consequently lowered the annual energy consumption for the plant.

The site was visited on November 12, 1996. An interview was conducted with the Facilities
Manager of the plant. The new installations were inspected. The project file included
information regarding the ex ante leakage levels and the amount of energy expended to make up
the lost air. Current loggers were installed on each air compressor and allowed to run for five
days including a weekend when the plant was not operating.

Compressed air consumption during periods when the plant was closed was monitored as an
indication of leakage. Plant personnel indicated that this was a reasonable assumption. Leakage
in the retrofit configuration was compared to the baseline and the load impacts calculated.

The baseline condition is the plant with its existing compressed air system and the PVC
distribution piping. The baseline also excludes the effect of the leak elimination program.

Ex ante measurements indicate that leakage from the baseline system amounts to 270 cfm
continuously when the plant is in operation. Applying the performance data on air compressors
in place from the project files, this would require:

hp Baseline = (02 1 hp / cfm) (2 70 cfm)
=56.7hp

4-49

—XENERGY




SECTION 4 PROCESS MEASURES

This would require a nominal kW input of:

W, = (56.7 hp)(0.746 kW / hp)

0.90 efficiency rating

=47.0 kW

The baseline energy consumption is:

k WhBaseline = (kWBa.weline ) (Op erat ing hour S)
=(47.0)(6,860)
=322,406 kWh

The ex post monitoring and measurements indicate that compressor operation during times when
end uses are shut off is negligible, therefore, the leakage is negligible. Thus, the retrofit demand
is:

KW g = 0.0 KTV

The retrofit energy consumption is:

K Py = 0 kW

The ex post load impact estimates are:

kW reduced,, post = W g asetine kWRe,mﬁ,
=47.0-0
=47.0 kW
kWh saved .. poy = kWhpyspiing = KWhigipegs
' = 322,406 -0
= 322,406 kWh

Table 4-39 shows the ex post load impacts by time-of-use period. This table typically
incorporates average kW values, thus the coincident impacts may not match the ex post kW
reduced shown above. '
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Table 4-39
kW and kWh Impacts by Time-of-Use Period
kW Reduced
Coincident kW KWh
Average KW | with System | Adjustment kWh Adjustment
Costing Period Reduced Peak Period Factor Savings Factor

Summer On-peak 47.0 47 1 34,874 0.11
Summer Semi-peak 47.0 44,838 0.14
Summer Off-peak 28.0 55,400 0.17
Winter On-peak 47.0 47 1 20,727 0.06
Winter Semi-peak 47.0 89,817 0.28
Winter Off-peak 28.0 76,769 0.24
Totals 322,425 1

4.15.4 Comparison of Ex Ante and Ex Post Impact Estimates

Table 4-40 summarizes the ex ante and ex post load impact estimates. The ex ante estimation
yielded slightly higher motor horsepower required to compensate for leakage. The plant
operating hours were taken as 6,240 hours per year (24 hours per day, 5 days per week. 52 weeks
per year) in the ex ante estimation. Interviews with plant personnel indicated that the plant
operated 24 hours on Saturdays about half the time which makes 6,860 operating hours per year
resulting in higher ex posr energy savings.

Table 4-40
Demand and Energy Impact Summary

Demand Energy Gas

(kW/Year) (kWh/Year) (Therms/Year)
Ex ante estimated impacts 49.7 307,941 N/A
Ex post estimated gross impacts 47.0 322,425 N/A
Difference . 2.7 . -14,484 N/A
Realization rate 0.95 1.05 N/A

4.15.5 Persistence of thé Measure

No published estimate for the life of either the piping modifications or the leak elimination
measures could be found. The 20 year life used is probably satisfactory for the piping part of the
work, but the leak elimination measures will not last as long.
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4.16 ID NoO. 14116 - AIR COMPRESSOR REPLACEMENT

4.16.1 Facility Information

This is an envelope manufacturing plant in Santee, CA which operates Monday through Friday
6:30 a.m. to 11:00 p.m. (4,175 hour per year). The plant’s compressed air requirements are
furnished by five compressors (four 20 horsepower and one 40 horsepower) for a total capacity
of 300 cfm at 100 psi according to ex ante measurements.

According to ex ante measurements, the 20 horsepower compressors run loaded 55% of the time
and unloaded 45% of the time. In unloaded mode, the 20 hp compressors draw 19% of full load
power requirement.

Replacing all of the existing compressors with two 75 horsepower units configured so that only
one operates at a time and the other is available as a backup will lower energy consumption and
peak demand. Savings will be achieved by reducing total compressor horsepower. Additionally,
the new compressors operate at a load which will allow them to be more efficient.

4.16.2 Ex Ante Load Impact Estimation

Five compressors (four 20 hp and one 40 hp) were operated to meet a plant load for compressed
air of 300 cfm. One 75 hp compressor was installed to replace the five existing compressors.

The ex ante load impact estimation started with the estimation of the compressed air requirement
for the plant. The compressed air load for each of the compressors was estimated. The total
baseline plant load was:

5

Base plant load for compressed air = Z cfm for compressors 1 through 5
1

=40.7+40.7+39.3+33.4+ 145
=299 cfin

The power requirements for each compressor was then calculated and summed for the total plant
power requirement.

3
kW air compressors g,y . = Z kW for compressors 1 through 5
1

=11.2+10.7+87+10.7+33.1
=74.4 kW
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The retrofit power requirements were estimated with the compressor operating loaded 94% of the
time and unloaded 6% of the time.

) [(0.94*75) +(0.06*0.19*75)](0.746)
kW air compressorg, . .a =

0.941 efficiency rating

=56.6 kW
The ex ante kW re'duced is:
kW reduced, ,,. =744 - 56.6 kW
=178 kW

The kW reduced,y anre Was input into a spreadsheet that calculated the total kWh saved.

kWh saved =74,601 kWh

ex ante

4.16.3 Ex Post Load Impact Estimation

The site was visited on December 10, 1996, and the installation was inspected. Spot
measurements were taken on the new compressor which included voltage, amperage, power,
kVA, power factor, and kVAR. A current logger was installed on the new compressor and
allowed to gather data for eight days. The data were used with manufacturer’s performance data
to evaluate peak demand and annual power consumption.

Table 4-41 shows baseline power requirements for the five COmpressors.

Table 4-41
Baseline Compressor Power Requirements
Peak Avg
Compressor HP Demand Demand
(kW) (kW)
1 20 17.66 11.2
2 20 16.86 10.7
3 20 16.95 8.7
4 20 15.99 10.7
5 40 33.91 33.1
Totals 101.37 74.40
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Since it is reasonable to assume that all the compressors will not operate at the same time most
of the time, the total average demand should be adjusted by a diversity factor. A diversity factor
of 0.8 was assumed. The average total demand is:

Average total kWg_ ... = (74.4)(0.8)
=59.5 kW

Similarly, it can be assumed that there will be times when all the compressors operate fully
loaded simultaneously so the peak demand will be:

Peak kWp =10137

aseline

The annual energy consumption is:

kWhg,.ie = (Average total kWp, ;... X(Operating hours)
=(59.5 kW)(4,175 hours/ year)
=248,412 kWh/ year

Ex post measurements taken at the site indicate that the new compressor has average and peak
demands of:

kW averagep.on = 3380 kW
kW peak g ;o = 62.0 kW

The annual energy consumption is:

kWhg,.on = (KW averagep.,..q; )(Operating hours)
= (33.8 kW)(4,175 hours/ year)
=141,115 kWh/ year

The ex post load impact estimates attributed to the measure are:

kW reduced,, .. = Peak kWy, ... — Peak KW erotic
=101.37-62.0
=39.37kW

kWh saved ex post =kWh Baseline — kWh Retrofit
=248,412 - 141,115
=107,297 kWh / year
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Table 4-42 shows the ex post load impacts by time-of-use period. This table typically

incorporates average kW values, thus the coincident impacts may not match the ex post kW
reduced shown above.

Table 4-42
kW and kWh Impacts by Time-of-Use Period
kW Reduced
Coincident kW kWh
Average KW | with System | Adjustment Adjustment
Costing Period Reduced Peak Period Factor KWh Savings Factor

Summer On-peak 25.70 25.70 1.00 19,069 0.18
Summer Semi-peak 24.27 0.94 23,154 0.22
Summer Off-peak 1.38 0.05 2,727 0.03
Winter On-peak 25.70 25.70 1.00 11,334 0.11
Winter Semi-peak 25.7 1.00 49,113 0.46
Winter Off-peak 0.69 0.03 1,888 0.02
Totals 107,285 1.02

4.16.4 Comparison of Ex Ante and Ex Post Impact Estimate

Table 4-43 summarizes the ex ante and ex post load impact estimates. Comparison of the ex ante
and ex post values for peak demand show a realization rate of 2.21. This is due partly to the fact
that the ex ante analysis used average demand values instead of peak demand and no allowance
was made for diversity in the operating patterns of the machines. The realization rate for annual
energy savings is 1.44. This can be attributed to the fact that ex post measurements show that the
new compressor operates at a lower average demand than was anticipated in the ex ante analysis.

Table 4-43
Demand and Energy Impact Summary
Demand Energy Gas
(kW/Year) (kWh/Year) (Therms/Year)
Ex ante estimated impacts 17.8 74,601 N/A
Ex post estimated gross impacts 394 107,297 N/A
Difference -21.6 -32,696 N/A
Realization rate 2.21 1.44 N/A

4.16.5 Persistence of the Measure

The 15 years assigned is consistent with other similar measures.
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4.17 ID No. 14127 - REPLACEMENT OF HYDRAULIC DRIVES

A site visit was not conducted on this site. An engineering audit of the project file was
conducted.

4.17.1 Facility Information

This is a bottling plant in San Diego, CA that operates 16 hours per day, 5 days per week, 52
weeks per year less 8 holidays per year for a total of 4,032 hours per year. The plant is equipped
with a central hydraulic system that consists of six 50 horsepower hydraulic pumps, four of
which are in operation at any given time. The hydraulic system serves all of Production Line #3
and the filler on Production Line #2. Production Line #3 operates 16 hour per day, 5 days per
week, 52 weeks per year less 7 holidays, for a total of 4,048 hours per year. The production lines
operate at constant speed continuously and represent a constant load for the hydraulic system
whenever the plant is operating.

The hydraulic conveyor drives have significant energy losses due to pump and hydraulic motor
inefficiencies. The drives on Production Line #3 were converted from hydraulic to direct electric
motor drive to avoid the losses inherent to hydraulic drive systems. The savings are achieved
because the direct electric motor drives operate at higher efficiencies than the hydraulic drives.

4.17.2 Ex Ante Load Impact Estimation

The demand for the hydraulic system was:

kW,

Baseline

_ Z (Amps)Volts)(D)(Power factor)
1,000
_ (50)(480)(\/3)(.86)
B 1,000
, (10(480)(V3)(55)
1,000
L (480)(\[3)(.83)
1,000
L 27)(480)(3)(81)
1,000
=79.06 kW

Baseline annual energy use is:

k WhBaerine = (kW Bu.veline) (Op er ating hour S)
= (79.06 kW)(4,160 hours/ year)
= 328,890 kWh/ year
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Retrofit demand is:

kWRc/rqﬁ] = Z (A’[Otor kl’V)

: Z (hp)(0.746 kW / hp)
- motor eff.

_( (5)(0.746)
- [ 0.831 }
[(3)(0.746)
0.798 }
[(2)(0.746)
0.815
[(1.5)(0.746)
R
[ (1)(0.746)
0.77
[(0.75)(0.746)
. 0.77
[(10)00.746)
. 0.85
=24.37 kW

+
](3 motors)
}(2 motors)
}(4 motors)
J(3 motors)

-+

D (0.8 load factor)

The annual energy use of the retrofit system is:

kWhRe,mﬁ, = (kW, Reroii ) (Operating hours)
= (24.37 kW) (4,160 hours/ year)
= 101,379 kWh/ year

The ex ante load impacts are:

kW r educedex ame = k WBase/ine -k WRem)ﬁl

=79.06 -24.37
=354.69 kW

kWh Savedex ante = k WhBaselme -k WhReIroﬁl
= 328,890 -101,379
=227,511 kWh/ year
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4.17.3 Ex Post Load Impact Estimation

" Ex ante measurements indicate that the hydraulic system draws an average of 79.06 kW
continuously for 4,048 hours per year. Since the demand is constant, the peak demand will be

equal to the average demand, or 79.06 kW.

kW,

Baseline

=79.06 kW
The annual energy consumption would be:

kWhpeuime = (kW gaseiine ) (Operating hours)
= (79.06 kW) (4,048 hours/ vear)
= 320,035 kWh/ year

The motors shown in Table 4-44 were installed to replace the hydraulic drive system.

Table 4-44
Motors Installed To Replace Hydraulic System
Purpose Count HP Efficiency - kW

DePalletizer 1 2 I 0.815 1.46
Rinser 1 1 0.770 0.78
Rinser 1 3 0.798 2.24
Filler (Line #3) 1 5 0.831 3.59
Packager 2 2 0.815 2.93
Conveyor 3 0.75 0.770 1.74
Conveyor 3 1 0.770 2.33
Conveyor 2 1.50 0.785 2.28
Filler (Line #2) 1 10 0.850 7.02

Total 24.37

Assuming 80% full load operation, peak demand and average demand will be equal.

A

€

ot = 24.37 kW

The annual energy consumption for the retrofit system is:

kW hgewogis = (kW peipop ) (Operating hours)

=(24.37 kW) (4,048 hours / year)
= 98,650 kWh/ year
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The ex post load impacts attributable to the measure are:

kW reduced = kW

ex post Baseline ~ kW

=79.06-24.37
=54.69 kW

Retrofit

kWh saved expost kWh Baseline — kWh Retrofit
=320,035-98,650
=221,385 kWh/ year

Table 4-45 shows the ex post load impacts by time-of-use period. This table typically
incorporates average kW values, thus the coincident impacts may not match the ex post kW
reduced shown above.

Table 4-45
KW and kWh Impacts by Time-of-Use Period
kW Reduced
Coincident kW kWh
Average KW | with System | Adjustment Adjustment
Costing Period Reduced Peak Period Factor KkWh Savings Factor
Summer On-peak 54.7 34.7 1.00 40,587 0.18
Summer Semi-peak 54.7 1.00 52,184 0.24
Summer Off-peak 0 0.00 0 0.00
Winter On-peak 54.7 54.7 . 1.02 24,123 0.11
Winter Semi-peak 50.5 0.92 96,506 0.44
Winter Off-peak 2.94 0.05 8,044 0.04
Totals 221,444 1.01

4.17.4 Comparison of Ex Ante and Ex Post Impact Estimate

Table 4-46 summarizes the ex ante and ex post load impact estimates. An ex post site visit was
not conducted on this site. A detailed review of the ex ante analysis shows that it was complete
and thorough. The difference between ex ante and ex post energy savings is attributable to a
slight difference in the operating hours used.

Table 4-46
Demand and Energy Impact Summary

Demand Energy Gas

(kW/Year) (kWh/Year) (Therms/Year)
Ex ante estimated impacts 54.7 227,510 N/A
Ex post estimated gross impacts 54.7 221,385 N/A
Difference 0 6,125 N/A
Realization rate 1.00 0.97 N/A
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4.17.5 Persistence of the Measure

ASHRAE Journal December 1988, Table | Service Lives lists service life for measures of this
type at 15 years, so the 20 year life assigned seems optimistic.

4.18 ID No. 14139 - AIR COMPRESSOR REPLACEMENT

4.18.1 Facility Information

This manufacturing facility located in El Cajon, CA produces metal parts and cutlery and uses
compressed air throughout the plant for many purposes. The compressed air plant consists of
two 100 hp air compressors, each with a capacity of 500 cfm at 100 psi. The plant operates 24
hours per day Monday through Friday and some Saturdays, 52 weeks per year. According to the
Rebate Application, Monday through Friday the plant requires an average of 180 cfm during the
first shift and 680 cfm during the second and third shifts. When the plant operates on Saturday,
the demand for compressed air is 180 cfm all day.

After a program of leak reduction, the peak compressed air load was reduced from 950 cfm to
680 cfm. The demand required that one of the compressors operate at 100% of capacity and the
other operate at 180 cfm. The existing compressors were inefficient at part load; the lower the
load, the lower the efficiency.

Replacing one of the existing compressors with a new machine that has a favorable part load
operating characteristic allows the existing compressor to operate at full load to optimize its
efficiency and the new machine handles the part load demands. Operating the one compressor at
full load allows it to work at maximum efficiency and the new compressor can produce air at part
load conditions with a minimum loss of efficiency.

'4.18.2 Ex Ante Load Impact Estimation

The ex ante demand impact estimate was based on the reduced horsepower required to meet the
demand for compressed air. The retrofit compressor requires 25 fewer horsepower than the
baseline unit to meet the facility’s compressed air need. The kW associated with the reduced
horsepower is:

_ (25 horsepower)(0.746 kW / horsepower)

sx ante

=20 kW

kW reduced - ;
0.945 efficiency rating
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The ex ante energy impacts were calculated through a spreadsheet that incorporated the facility’s

operating schedule and the kW reduced,y gne. The ex ante energy savings from the measure was
123,920 kWh.

4.18.3 Ex Post Load Impact Estimation

The site was visited on November, 12 1996. An interview was conducted with the Facilities
Manager of the plant. The new installations were inspected. Ex post spot power measurements
were taken on both compressors. These measurements included power factor and total harmonic
distortion, as well as voltage, current, and power. Current loggers were installed on both
compressors and allowed to collect data. The project files included information regarding the
performance characteristics of the existing and proposed compressors, as well as the compressed
air demand pattern of the plant. This information, along with the measurements taken were used
to calculate the demand and energy impacts of the measure.

Baseline Operations

First Shift and Saturday: According to the load profile in the project file, the average
compressed air demand was 180 cfm. From the performance data furnished for the existing air
compressors, this demand required one compressor operating at 76 hp or 59.9 kW.

Second and Third Shift: The load profile shows that the average demand for compressed air
was 680 cfm. This required one compressor operating at full load (500 c¢fm, 100 hp or 78.9 kW)

and the other operating at an average load of 180 cfm, 76 hp or 59.9 kW for a total of 176 hp or
138.8 kW

Retrofit Operations

First Shift: Measurements on the new compressor show that it draws an average of 73.3 kW or
92.9 hp which would be consistent with a compressed air demand of 435 cfm.

Second and Third Shift: Current logger data for the two compressors indicate that the old
compressor draws 77.1 kW or 97.7 hp and the new one draws 39.9 kW or 50.6 hp. This gives
total draw of 117.0 kW or 148.3 hp.

Saturday: Current logger data shows that the old compressor is typically shut down and the
new compressor draws an average of 73.9 kW or 93.6 hp when the plant is operating.

These data were combined with operating data to estimate the load impacts as shown in
Table 4-47. Table 4-48 shows the seasonal and total annual energy savings for the measure.
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Table 4-47
Ex Post Hourly Load Impacts By Season
SUMMER WINTER
Weekday Weekends & Holidays Weekdays Weekends & Holidays

] kW kW kW kW kW kW kW kW
Hour Pre- Post- |KW/KWh{ Pre- Post- jkW/KWh| Pre- Post- |kW/kWh] Pre- Post- |kW/kWh
of Day | retrofit | retrofit | Saved | retrofit | retrofit | Saved | retrofit | retrofit | Saved | retrofit | retrofit | Saved

1 59.90 73.30 | -1340 17.40 21.50 -4.10 59.90 7330 | -13.40 17.40 21.50 -4.10

2 59.90 73.30 | -13.40 17.40 21.50 -4.10 59.90 73.30 | -13.40 17.40 21.50 -4.10

3 59.90 7330 | -13.40 17.40 21.50 ~4.10 59.90 7330 | -13.40 17.40 21.50 -4.10

4 59.90 73.30 | -13.40 17.40 21.50 -4.10 59.90 7330 | -13.40 1740 21.50 -4.10

5 59.90 7330 | -13.40 17.40 21.50 -4.10 59.90 7330 | -13.40 17.40 21.50 -4.10
6 59.90 7330 | -1340 17.40 21.50 -4.10 59.90 7330 | -13.40 17.40 21.50 -4.10
7 59.90 7330 | -13.40 17.40 21.50 -4.10 59.90 7330 | -13.40 17.40 21.50 -4.10
8
9

59.90 7330 | -13.40 17.40 21.50 -4.10 59.90 7330 | -13.40 17.40 21.50 -4.10
138.80 | 117.00 | . 21.80 17.40 | . 21.50 .10} 13880 { 117.00 21.80 17.40 21.50 -4.10
10 138.80 | 117.00 21.80 17.40 21.
11 138.80 | 117.00 21.80 17.40 2L

h
(=}

-4.10 | 13880 | 117.00 21.80 17.40 21.50 -4.10
-4.10 ] 13880 { 117.00 21.80 17.40 21.50 -4.10

i
o

12 138.80 | 117.00 21.80 17.40 21.30 -4.10 1 13880} 117.00 21.80 17.40 21.50 -4.10
13 138.80 | 117.00 21.80 17.40 21.50 -4.10 1 138.80 | 117.00 21.80 17.40 21.50 -4.10
14 138.80 | 117.00 21.80 17.40 21.50 -4.10{ 13880 | 117.00 21.80 17.40 21.50 -4.10
15 133.80 | 117.00 21.80 17.40 21.50 -+10 ] 138.80 | 117.00 21.80 17.40 21.50 -4.10
16 138.80 | 117.00 21.80 17.40 21.50 -4.10 1 138.80 | 117.00 21.80 17.40 21.50 -4.10
17 138.80 | 117.00 21.80 17.40 21.5 -+.10 ] 13880 | 117.00 21.80 17.40 21.50 -4.10

18 138.80 | 117.00 21.80 17.40 21.50 -4.10{ 13880 117.00 21.80 17.40 21.50 -4.10
19 138.80 | 117.00 21.80 17.40 21.50 -4.10 ] 138.80 | 117.00 21.80 17.40 21.50 -4.10
20 138.80 | 117.00 21.80 17.40 21.50 -+10 { 13880 | 117.00 21.80 17.40 21.50 -4.10
21 138.80 | 117.00 21.80 17.40 21.50 -410 ] 13880 | 117.00 21.80 17.40 21.50 -4.10
22 138.80 | 117.00 21.80 17.40 21.50 -4.10 | 13880 | 117.00 21.80 17.40 21.50 -4.10
23 138.80 | 117.00 21.80 17.40 21.50 -410) 13880 | 117.00 21.80 17.40 21.50 -4.10
24 138.80 | 117.00 21.80 17.40 21.50 -4.10 1 138.80 | 117.00 21.80 17.40 21.50 -4.10
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Table 4-48
Ex Post Load Impacts By Season
Weekdays Weekends
SUMMER hours { Per Day | 106 days hours Per Day 47 days
Max On-peak kW 7.00 21.80 N/A
Max Semi-peak kW 9.00 21.80 N/A
Max Off peak kW 8.00 21.80 24.00 -4.10
Average On-peak kW: 7.00 21.80 N/A
Average Semi-peak kW: | 9.00 10.07 N/A
Average Off peak kW: 8.00 -0.20 24.00 .10
Summer kW Coincident 21.80
w/ System peak
Overall Summer Off -2.43
peak Avg.
Summer On-peak kWh 7.00 152.60 116,175.6 N/A
0
Summer Semi-peak kWh| 9.00 90.60 |9,603.60 N/A
Summer Off peak kWh 8.00 -1.60 | -169.60 24.00 -98.40 | -4,624.80
Total Seasonal kWh 24.00 241.60 |25,609.6 24,00 -98.40 | -4,624.80
0
WINTER hours | Per Day |147 days hours Per Day 65 days
Max On-peak kW 3.00 21.80 N/A
Max Semi-peak kW 13.00 -21.80 N/A
Max Off-peak kW 8.00 21.80 24.00 -4.10
Average On-peak kW: 3.00 21.80 N/A
Average Semi-peak kW: | 13.00 1393 N/A
Average Off-peak kW: 8.00 -+4.60 24.00 -4.10
Winter kW Coincident 21.80 N/A
w/ System peak
Overall Winter Off peak -4.31
Avg.
Winter On-peak kWh 3.00 65.40 |9,613.80 N/A
Winter Semi-peak kWh | 13.00 213.00 [31,311.0 N/A
0
Winter Off-peak kWh 8.00 -36.80 - 24.00 <9430 | -6,129.50
5,409.60
Total Seasonal kWh 24.00 241.60 {35,515.2 24.00 -94.30 | -6,129.50
0
Total Annual kWh Saved 50371 kWh /Year

Table 4-49 shows the ex post load impacté by time-of-use period. This table typically
incorporates average kW values, thus the coincident impacts may not match the ex post kW
reduced shown above.
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Table 4-49
kW and kWh Impacts by Time-of-Use Period
kW Reduced
Coincident kW KkWh
Average kW | with System | Adjustment Adjustment
Costing Period Reduced Peak Period Factor kWh Savings Factor

Summer On-peak 218 21.8 1 16,176 0.32
Summer Semi-peak 10.07 0.46 9,604 0.19
Summer Off-peak (0.20) -0.01 (4,602) -0.09
Winter On-peak 21.8 218 1 9,614 0.19
Winter Semi-peak 15.9 0.73 26,137 0.52
Winter Off-peak -3.77 -0.17 (6,365) -0.13
Totals 50,564 1

4.18.4 Comparison of Ex Ante and Ex Post Impact Estimates

Table 4-50 summarizes the ex ante and ex post load impact estimates. The ex ante analysis was
derived from a daily load profile which was furnished by the customer. Ex post measurements
indicate that the first shift compressed air demand is understated in the daily load profile by a
factor of 2. The customer says that they know of no reason for such a large increase in first shift
compressed air demand since the original analysis was done. The realization rate for demand is

1.09, and for energy consumption it is 0.41 due largely to the discrepancy in the first shift
compressed air demand.

Table 4-50

Demand and Energy Impact Summary
Demand Energy Gas
(kW/Year) (kWh/Year) (Therms/Year)
Ex ante estimated impacts 20 123,920 N/A
Ex post estimated gross impacts 21.8 50,563 N/A
Difference -1.8 73,357 N/A
Realization rate 1.09 0.41 N/A

4.18.5 Persistence of the Measure

The 15 year life estimated for the new air compressor is reasonable and consistent with other,
similar compressors.
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4.19 ID No. 14144 - CycLING COMPRESSED AIR DRYER

4.19.1 Facility Information

This manufacturing facility located in El Cajon, CA produces metal parts and cutlery.
Compressed air is used throughout the plant for many purposes. The plant operates 24 hours per

day, 5 days per week, 52 weeks per year, with operation on the sixth day about half of the weeks
for 6,860 hours per year.

The plant was equipped with a constant running refrigerated compressed air dryer with a 3 hp
compressor which operates whenever an air compressor was running.

The air dryer was sized to process the full output capacity of the compressor plant. When the
compressors were operating at less than capacity, or when the moisture content of the air was
lower than nominal, the dryer had excess capacity. This excess capacity was dissipated through a
hot gas bypass valve so the refrigeration compressor always operated at full load.

Replacement of the existing compressed air dryer with one of a cycling design reduced
refrigeration compressor run time and saved energy.

The cycling air dryer contains a thermal mass which is cooled by the refrigeration COmpressor.
When the moisture load declines, the compressor cools the mass to a preset temperature and
shuts off. The mass then cools the air to condense moisture until it is warmed up to the high
temperature set point when the compressor starts again. The energy savings is achieved when
the compressor is turned off.
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4.19.2 Ex Ante Load Impact Estimation

There is demand reduction attributed to this measure. The ex ante energy impacts were
calculated by:

Utilization factor for air dryer = —1-§2

520

=036

(3 horsepower)(0.746 kW / hp)
0.90 motor efficiency

Refrigeration compressor kW =

=249 kW
Average power savings,, ... = (1 — utilization factor)(ref. compressor kW)
=(1-0.36)(2.49)

=1.59 kW

A spreadsheet analysis using the facility operating schedule and Average Power Savings.. an. t0
calculate the energy savings of 9,851 kWh.

'4.19.3 Ex Post Load Impact Estimation

Spot power measurements were taken for the air dryer including power factor and total harmonic
distortion. Additionally, a current logger was connected to the dryer and allowed to run for five
days which included a weekend when the plant was closed. The spot readings established
nominal current, power, and power factor values for the system. Total harmonic distortion was
measured to assure the validity of the other readings taken. Current logger data were analyzed to
give current draw and duty cycle of the refrigeration compressor.

The baseline condition is the plant with a constant running air dryer sized for the maximum
capacity of the compressed air plant.

The manufacturer’s literature indicates that the constant running and the cycling air dryers have
the same size refrigeration compressor. This is logical since either system would have to serve
the maximum capacity of the compressor.
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Data from the spot power measurements indicate that the power factor for the dryer is 0.88.
Monitored data showed that the compressor draws 3.3 amps and has a duty cycle of 15%. The
compressor power for either dryer is:

KWeompressor = (3.3 amps)(460 volts)(0.88 powerfactor)(\/g )
231kW

1

Annual energy consumption for the continuous running dryer is:

KWh . inuous rumning drver = (2-31 KW)(6,860 hours/ year)
=15,872 kWh

Annual energy consumption for the cycling dryer, is:

KWh jing arver = (231 kW)(6,860 hours/ year)(0.15 duty cycle)
2.381 kWh

The ex post load impacts from this measure are:

kWh saved = kWh

ex post continuous running dryer ~ kWh cycling dryer

=15,872-2,381
=13,491 kWh

There are no demand reductions associated with this measure.

Table 4-51 shows the ex post load impacts by time-of-use period. This table typically

incorporates average kW values, thus the coincident impacts may not match the ex posr kW
reduced shown above.

Table 4-51 ,
kW and kWh Impacts by Time-of-Use Period
kW Reduced
Coincident kw kWh
. Average KW | with System | Adjustment Adjustment
Costing Period Reduced Peak Period Factor kWh Savings Factor

Summer On-peak 1.96 1.96 1.00 1,454 0.11
Summer Semi-peak 1.96 1.00 1,870 0.14
Summer Off-peak 1.17 1.00 2,312 0.17
Winter On-peak 1.96 1.96 1.00 864 | 0.06
Winter Semi-peak 1.96 1.00 3,746 0.28
Winter Off-peak 1.17 0.60 3,201 0.24
Totals 13,447 1.00
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4.19.4 Comparison of Ex Ante and Ex Post Impact Estimates

Table 4-52 summarizes the ex ante and ex post load impact estimates. The ex ante analysis
assumed a duty cycle for the dryer compressor of 36%. Power consumption was calculated on
the assumption of full load condition and a motor efficiency of 90% which gives a power
requirement of 2.49 kW. Actual measurements show that the power consumption is 2.31 kW and
the duty cycle is 15.1%. The result of these differences is a realization rate for energy savings of

1.37.
Table 4-52
Demand and Energy Impact Summary
Demand Energy Gas
(kW/Year) (kWh/Y'ear) (Therms/Year)
Ex ante estimated impacts 0 9,851 N/A
Ex post estimated gross impacts 0 13,591 N/A
Difference N/A 3,640 N/A
Realization rate N/A 1.37 N/A

4.19.5 Persistence of the Measure

No published estimate for the life of the cycling air dryer could be found, however the 15 vear’
life used is reasonable and consistent for this type of equipment.

4.20 ID No. 14148A - CycLING COMPRESSED AIR DRYER

4.20.1 Facility Information

This is a manufacturing plant in San Diego, CA which manufactures computer-related hardware.
The plant operates normally 24 hours per day, for 354 days per year. In addition, it operates on
holiday schedule 24 hours per day, 6 days per year and is shut down completely for maintenance
5 days per year. According to ex ante measurements, the plant’s compressed air system produces
an average of 500 cfm in normal operation and 400 cfm on holiday schedule.

A new air dryer was installed at the facility. The practical choices for the new dryer were either a
continuous running dryer or a cycling one. The continuous running unit has a compressor sized
for the maximum moisture load on the system, and when the load is less than maximum, the
excess refrigeration capacity is dissipated through a hot gas bypass valve. The compressor
operates at full load all the time.

The cycling type dryer contains a thermal mass which is cooled down by the refrigeration
system. When the load is near maximum, this dryer operates the same as a non-cycling one. As
the load decreases, the excess refrigeration capacity is used to lower the temperature of the
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thermal mass until it reaches it lower limit temperature when the refrigeration system turns off.
Air is cooled by the thermal mass until it reaches its high limit temperature is reached and the
refrigeration system starts again.

While both types of dryers use the same size refrigeration compressor (6 hp), savings are
achieved in the cycling type dryer by turning the refrigeration system off for part of the time
when the load is less than maximum.

4.20.2 Ex Ante Load Impact Estimation

An engineering analysis was performed to estimate the ex ante load impacts of the cycling dryer.
The analysis considered a number of factors in formulating the load impact estimates, including
the facility operating schedule, demand for compressed air, and utilization of the compressed air
facility. The ex ante load impacts for kW and kWh are 2.5 kW reduced and 21,808 kWh saved,
respectively.

4.20.3 Ex Post Load Impact Estimation

The duty cycle of the refrigeration compressor in the cycling type dryer was measured ex post by
a current logger. Energy consumption of the cycling dryer was compared to the baseline unit.

The baseline for comparison is a 6 hp noncycling type dryer operating as described earlier (8,496
normal hours, 144 holiday hours).

The demand and energy consumption of the constant running drver are:

KW _ (6 hp)(0.746 KW/ hp)
Baseline ™ 0,91 efficiency rating
=492 kW
kWh g ceiine = (KW pgeiine (8,640 hours/ year)

=42,497 kWh
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Since the refrigeration compressor uses the same motor in both the baseline and retrofit cases,
the demand of both units will be equal. Ex post measurements show that the refrigeration
compressor operates an average of 0.239 of the time, so the annual energy consumption of the
retrofit case is be: '

kWRetroﬁt = kWBaseline
=492 kW

kWhg.rosit = (KWeerosit J(8,640 hours/ year)(Duty cycle)
= (4.92)(8,640)(0.239)
=10,157 kWh

The ex post load impacts for the measure are:

kW reduced ex post = kWBaseline - kWRetroﬁt
=0 kW
kWh saved., .. = kWhp,eie ~kWhp o
=42,497-10,157
= 32,340 kWh

Table 4-53 shows the ex posr load impacts by time-of-use period. This table typically
incorporates average KW values, thus the coincident impacts may not match the ex post kW
reduced shown above. -

Table 4-53
kW and kWh Impacts by Time-of-Use Period
kW Reduced
Coincident kW , kWh
Average kW | with System | Adjustment Adjustment
Costing Period Reduced Peak Period Factor kWh Savings Factor
Summer On-peak 3.74 3.74 1.00 2,775 0.09
Summer Semi-peak 3.74 1.00 3,568 0.11
Summer Off-peak 3.74 1.00 7,390 0.23
Winter On-peak 3.74 3.74 1.00 1,201 0.04
Winter Semi-peak 3.74 1.00 7,147 0.22
Winter Off-peak 3.74 1.00 10,233 0.32
Totals 32,314 1.01
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4.20.4 Comparison of Ex Ante and Ex Post Impact Estimates

Table 4-54 summarizes the ex ante and ex post load impact estimates.

Table 4-54
Demand and Energy Impact Summary

Demand Energy Gas

(kW/Year) (kWh/Year) (Therms/Year)
Ex ante estimated impacts 2.5 21,808 N/A
Ex post estimated gross impacts 0.0 32,340 N/A
Difference -2.5 -10,532 N/A
Realization rate N/A 1.48 N/A

4.20.5 Persistence of the Measure

There are no published values for the expected life of the cycling line dryer, however, the value
of 15 years assigned is consistent with similar types of equipment.

4.21 ID No. 14148B - INTERMEDIATE CONTROLLER ON COMPRESSED AIR
SYSTEM

4.21.1 Facility Information

This is a manufacturing plant in San Diego, CA that produces computer accessory hardware.

The plant uses compressed air for various purposes and has a compressed air plant which
consists of two compressors: a 200 horsepower screw type compressor with a capacity of 1,100
cfm at 115 psig; and a 250 horsepower unit with a capacity of 1,380 cfm at the same conditions.
The smaller compressor is operated as the base load machine most of the time. The plant uses air
even when there is no production, so the compressed air system operates 24 hours per day, 365
days per year for a total of 8,760 hours per year.

The plant air system operates at 115 psig from the receiver to the point of use where it is
regulated down to the pressure required by the user. Ex ante measurements indicate that the
system has 200 cfm of leakage at this line pressure.

Installation of an intermediate controller, or demand expander, allows the plant to operate with
air at 98 psig +1 psi. The reduced downstream pressure reduces the amount of loss from leaks in
the system.

The savings are achieved by reducing compressor run times due to lower demand for air by the
amount of leak reduction.
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4.21.2 Ex Ante Load Impact Estimation

The ex ante load impacts were estimated using an engineering analysis. A number of factors
were considered in the analysis, including demand for compressed air, leaks in the compressed
air system, system operations, and equipment operating characteristics. The ex ante energy
savings and demand reductions were entered into the tracking system as 68,062 kWh and 7.8
kW, respectively. There was, however, an-error in data entry, where the values should have been
34,031 kWh and 3.9 kW. These values were on another line in the ex ante analysis workpapers.
The reason for the two set of numbers was because two scenarios were run, one with the
intermediate controller and another with compressed air line additions and modifications.

Ex post interviews conducted with facility staff indicated that the line additions and
modifications did not take place.

4.21.3 Ex Post Load Impact Estimation

The air demand of the plant was broken down into three categories: normal, peak demand. and
nonproduction. The compressor run time was evaluated for each loading condition before and
after leak reduction. These results were used to calculate peak demand and annual energy
consumption ex post and ex ante.

The baseline for comparison is the compressed air plant delivering 115 psig air to the plant
distribution system. ‘

The compressor control is designed so that the compressor operates fully loaded or unloaded,
there is no modulation. Ex ante measurements indicate that fully loaded, the compressor draws
240 kW and unloaded it draws 46 kW.

Table 4-55 shows information taken from the plant control system by plant personnel.

Table 4-55
Plant Control System Information
Parameter Value Hours/Year
Normal Load 700 cfm 6,655
Peak Load ) 850 c¢fm 1,913
Nonproduction Load 200 cfm 192
Receiver pressure 114-120 psig -
Receiver volume 174 cu. ft. -

From the Compressed Air and Gas Handbook Fifth Edition, “CFM vs Pressure for Various
Orifices” it was determined that a reduction in downstream pressure from 115 psig to 100 psig
will reduce flow to leaks by 11%. In order to be conservative, we will use al0% reduction in
leakage. In this case, with 200 cfm of leakage, the reduction in leakage will be 20 cfm.
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From the Compressed Air and Gas Handbook Fifth Edition, the following equation which gives
the time for the pressure in the receiver to rise or fall over a range given the supply and demand
of the system:

T= V(p, - P2 )
(C-S)p,
where:

T = time for receiver pressure to change from p, to p, (minutes)
V = Volume of Receiver (ft*)
po = Atmospheric pressure (psig)

p, = Pressure at beginning of cycle (psig)
p, = Pressure at end of cycle (psig)

C= Air demand (ft* / min)

S= Air supply (ft* / min)

This equation was used to estimate the percent of cycle that is loaded or unloaded.

Baseline

Before installation of the intermediate controller, the system must provide the plant demand,
including leakage. The system will operate as shown in Table 4-56.

Table 4-56

Baseline Energy Use
Run Time
Supply | Demand | per Cycle % of Average kWh per
(cfm) (cfm) (Sec) Cycle kW Year
Normal Load 169.45 1,127,720
(6,655 hr/yr)
Compressor Loaded 1,100 700 10.7 63.6
Compressor Unloaded 0 700 © 6.1 36.4
Peak Load 195.91 374,774
(1,913 hr/yr)
Compressor Loaded 1,100 850 17.0 77.3
Compressor Unloaded 0 850 5.0 22.7
Nonproduction Load 81.27 15,604
(192 hr/yr)
Compressor Loaded 1,100 200 4.7 18.2
Compressor Unloaded 0 200 21.3 81.8
Total Annual Energy Consumption 1,518,098
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Retrofit

After the installation of the intermediate controller, the system must provide the plant demand
with reduced leakage so the demand will be reduced by 20 cfm. The system will operate as

shown in Table 4-57.

Table 4-57
Retrofit Energy Use
Run Time
Supply | Demand | per Cycle % of Average kWh per
(cfm) (cfm) (Sec) Cycle kW Year
Normal Load 165.93 1,104,246
(6,655 hr/yr) :
Compressor Loaded 1,100 680 10.1 61.8
Compressor Unloaded 0 680 6.3 38.2
Peak Load 192.38 368,026
(1,913 hr/yr)
Compressor Loaded 1,100 30 15.8 75.7
Compressor Unloaded 0 830 5.1 24.5
Nonproduction Load 77.75 14,927
(192 hr/yr)
Compressor Loaded 1,100 180 4.6 16.4
Compressor Unloaded 0 180 23.7 83.6
Total Annual Energy Consumption 1,487,199

Load Impacts

There will be no demand reductions attributable to the measure.

_ kWh Saved ex post =kWh Baseline — kWh Retrofit
‘ =1,518,098-1,487,199
=130,899 kWh

Table 4-58 showsi the ex post load impacts by time-of-use period. This table typically

incorporates aver#ge kW values, thus the coincident impacts may not match the ex post kW

reduced shown above.
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Table 4-58
kW and kWh Impacts by Time-of-Use Period
kW Reduced
Coincident kW KWh
Average KW | with System | Adjustment Adjustment
Costing Period Reduced Peak Period Factor kWh Savings Factor

Summer On-peak 3.52 3.52 1.00 2,612 0.08
Summer Semi-peak 3.52 1.00 3,358 0.11
Summer Off-peak 3.52 1.00 6,956 0.23
Winter On-peak 3.52 3.52 1.00 1,552 0.05
Winter Semi-peak 3.52 1.00 6,727 0.22
Winter Off-peak 3.52 1.00 9,631 0.31
Totals 30,836 1.00

4.21.4 Comparison of Ex Ante and Ex Post Impact Estimates

Table 4-59 summarizes the ex ante and ex post load impact estimates. Since the compressor in
the system did not change in the retrofit, and there are times when the compressor must operate
at capacity, thus, the peak demand for the system did not change. The ex ante analysis
worksheets indicate a reduction of 3.9 kW which represented the demand reduction associated
with only the intermediate controller. It appears a clerical error in data entry took place where
7.8 KW was entered into the tracking system, which represented demand reductions under a
scenario where line additions and modifications would take place.

When examining the ex ante worksheets for energy impact estimates the incorrect value was
entered into the program tracking system. While the value entered was 68,061 kWh, it should
have been 34,031 kWh. This is the major reason for the discrepancy between the ex ante and

ex post estimates.

Table 4-59
Demand and Energy Impact Summary

Demand Energy Gas

(kW/Year) (kWh/Year) (Therms/Year)
Ex ante estimated impacts 7.8 68,062 N/A
Ex post estimated gross impacts 0.0 30,899 N/A
Difference 7.8 37,163 N/A
Realization rate N/A 045 N/A

4.21.5 Persistence of the Measure

No published values for service life of an intermediate controller unit could be found, however,
the life of 15 years assigned seems consistent with similar types of equipment and appropriate.
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4.22 ID No. 14152 - STEAM AND CONDENSATE PIPE INSULATION

4.22.1 Facility Information

This manufacturing facility located in San Diego, CA produces garments, mainly men'’s fashions.
Low pressure steam is used throughout the plant for pressing, etc. The steam runs to the work
stations via exposed 3/4” black iron pipes and condensate is returned to the boiler through similar
piping. There are about 1,500 feet each of steam and condensate pipe, all of it is uninsulated.
The plant operates an average of 10 hours per day, 5 days per week, 46 weeks per year or 2,300
hours per year.

Insulating the steam and condensate piping reduced heat loss to the space. The savings come
from lower load on the plant’s steam boiler which allows lower gas consumption. Since the
plant is not air conditioned, there is no energy savings from that area but there is an increase in
occupant comfort.

4.22.2 Ex Ante Load Impact Estimation

The ex ante load impact estimates used the assumptions shown in Table 4-60.

Table 4-60
Ex Ante Load Impact Assumption
Parameter Value
Length of uninsulated steam pipe 1,500 feet
Length of uninsulated condensate pipe ' 1,500 feet
Saturated steam @ 100 psig 338°F
Condensate return temperature 200°F
Operating hours 10 hours per day
5 days per week
46 weeks per year
2,300 hours per year
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The heat loss was calculated through the uninsulated steam pipe as:

ti - to
1 1 ln(%\ 1 ’
A, T TR YR,
where,
g = heat loss,

t; = 338° F(temp. on inside of pipe 100 psig saturated steam),

t, = 70° F (temp. on outside of pipe),

k, = 25 (source: Marks' Mechanical Engineers Handbook. for pipe),
A, =2mL,

r, = radius to inside of pipe,

r, = radius to outside of pipe, and

L = length of pipe.

%(uninsulated steam pipe) = 237 Btuh/ foot

The heat loss was calculated through the insulated steam pipe as:

t.

l

-1

[

T
Wna, T3 T I T ha
where,
g = heat loss,

t; = 338° F(temp. on inside of pipe 100 psig saturated steam),

t, = 70° F (temp. on outside of pipe),

k, =25 (source: Marks' Mechanical Engineers Handbook, for pipe),
A, =2mlL,

r, = radius to inside of pipe,

r, = radius to outside of pipe,

r, = radius to outside of insulation, and

L = length of pipe.

%(insulated steam pipe) = 32.2 Btuh/ foot
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Similarly, the heat loss through the uninsulated and insulated condensate pipes were calculated.

%(uninsulated condensate pipe) = 115 Btuh/ foot

—%(insulated condensate pipe) = 15.6 Btuh/ foot

The energy saved was calculated as:

Therms saved ,,,,, = Therms saved + Therms saved

steam condensate *

where,

_(237-32.2 Btuh/ foot)(1,500 feet)(2,300 hour / year)
steam = (0.8 boiler efficiency)(100,000 Btu / therm)

= 8,832 therms/ year.

Therms saved

_ (115-135.6 Btuh/ foot)(1,500 feet)(2,300 hours/ year)
condensate (0.8 boiler efficiency)(100,000 Btu/ therm)
= 4,287 therms/ year

Therms saved

Therms saved,,, = 8,832 +4,287
=13,119 therms/ year

4.22.3 Ex Post Load Impact Estimation

An on-site visit was conducted on November 14, 1996. The facilities manager for the plant was
interviewed and the installation of insulation on the steam and condensate piping was inspected.
The gas meter only serves this boiler, so it is, in effect, an end use meter. Gas consumption data
were collected for one year before and one vear after the date of the retrofit, August 1, 1995, and
these data was analyzed for savings.

The base line is the facility with the steam and condensate lines having no insulation.

From the gas billing data, the gas consumption for the boiler in the year prior to the retrofit was
191,572 therms and for the year after retrofit it was 161,656 therms. The saving is 29,916 therms
per year. Since plant personnel assure us that there has been no change in production between

the two periods, this reduction can all be attributed to the new insulation.

There are no electricity load impacts associated with this measure.
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4.22.4 Comparison of Ex Ante and Ex Post Impact Estimates

Table 4-61 summarizes the ex ante and ex post load impact estimates. The ex ante analysis was
performed on the basis of standard engineering calculations for heat loss from the steam and
condensate pipes. The formulae used in this approach are sensitive to variation of system
parameters such as, heat transfer coefficients, operating hours, ambient temperature, etc. The
calculation understates the savings such that the realization rate for this project is 2.28.

Table 4-61
Demand and Energy Impact Summary

Demand Energy Gas

(kW/Year) (kWh/Year) (Therms/Year)
Ex ante estimated impacts N/A N/A 13,119
-Ex post estimated gross impacts N/A N/A 29,916
Difference N/A N/A 16,797
Realization rate ‘ N/A N/A 2.28

4.22.5 Persistence of the Measure

At the time of inspection, the insulation was all in place and functioning. The ASHRAE HVAC
Handbook, 1987 “Equipment Service Life” lists a service life of 20 years for this material. Thus,
the 15 year useful life assigned to the measure is appropriate, although somewhat conservative.

4.23 ID No. 14188 - VARIABLE VOLUME HYDRAULIC DRIVES

4.23.1 Facility Information

This is a manufacturing facility in San Diego, CA that operates 24 hours per day, 7 days per
week, 50 weeks per year (8,400 hours per year). The two manufacturing production line
conveyors are driven by constant volume hydraulic pumps with standard efficiency motors. The
conveyors move the line for about 5 seconds and idle for 10 seconds, the cycle is then repeated.

The constant pressure hydraulic pumps are configured so that the pump motor operates at full
load continuously. The excess hydraulic oil was bypassed through a pressure relief valve back to
the reservoir. The motors driving the pumps were standard efficiency units.

The hydraulic pumps were changed to variable volume units which allow the pump output to be
matched to demand, reducing the waste due to bypassing of hydraulic oil. The pump motors
were replaced with energy efficient units.
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The variable volume hydraulic units allow the pump output, and consequently, its power demand
to be matched to the system demand for oil. The energy efficient motors will use less energy for
the same work than standard efficiency units.

4.23.2 Ex Ante Load Impact Estimation

The ex ante load impact estimates used the following series of algorithms to estimate the ex ante
load impacts.

PowerConsmm volume = (Q gal / min)(P pSi)
1,714
_ (35 gal / min)(2,000 psi)
- 1,714
=40.8 bhp

(Q gal / min)(P psi)
P - =
OWETyariable volume 1,714

-1—CHp

CH,, =7 hp (from mfr's spec sheet)

Demand savings were shown as a diversified average.

Demand , = | (QgaL/ min}P psi) , CHP}{ 0.746 kw / hp }

L 1,714 (eff)(part load eff. 5, )

(0.5 gal / min)(2,000 psi) +7hp | &:746 kw / hp
1,714 (0.941)(0.79)

=7.6 kW

_ ] . ]
Demand, = (Q gal / min)(P psi) +CH [ 0.746 kw / hp

1,714 pJ (eff)(part load eff.)

A
i
|
1
1

_[(35 gal / min)(1,000 psi) o 71 | 0746 kw /p
1.714 P17 (0941)1.0)

=21.7kW
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Assume the operations of the pump is 33% of the time at full load and 67% of the time at idle.
The ex ante demand impacts are:

KWy zsiabie votume = (1/3)Demand ;) + (2 / 3)(Demand 4, )
=(1/3)2LT)+(2/3)7.6)
=12.3kW

(40.8 hp)(0.746 kW / hp)
kaonstant volume = 0.903 eff.

=33.7kW

kW reduced exante — (kWConstant volume — k\N'Variable volume )(# pumps)
=(33.7-123)2)
=428 kw

The ex ante energy savings for the measure was calculated as:

kWh Constant volume — (kWConstam volume )(Operating HOUI‘S)
= (33.7 kW)(8,400 hours/ year)
= (283,080 kWh

kWh Variabiet volume — (kWVan'able volume )(Operaﬁng HOUI‘S)
= (12.3 kW)(8,400 hours/ year)
=103,320 kWh

kWh saved . aye = (KWh congiant votume = KW yasiabiet votume J(# pumps)
=(283,080-103,320)(2)
= (179,760 kWh / year / pump)(2)
. =359,920 kWh

4.23.3 Ex Post Load Impact Estimation

A site visit to the plant was not permitted by facility management due to major activity in
facilities and production, so the ex ante analysis using data included in the Rebate Application
Package was reviewed. This information was used to calculate demand reduction and energy
savings which were.

The baseline for comparison is the plant before retrofitting with constant volume hydraulic
pumps and standard efficiency pump motors, operating 8,400 hours per year. Each constant
volume hydraulic pump supplies 35 gpm of oil at 2,000 psi. The standard efficiency motor has
an efficiency of 90.3%.
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The baseline energy use and demand were calculated as:

(Q gpm)(P psi)
1,714

_ (35 gpm)(2,000 psi) ,

- 1,714 g

=40.84 bhp

Output horsepower =

Output Horsepower

Pump horsepower =
P P Pump Efficiency

_40.84

T 0.82
=350 hp

-(Pump horsepower)(0.746 kW / hp)
Pump Efficiency

}(# motors)

_ (50 hp)(0.746 kW / hp)_‘l(z motors)

0.903

il

8262 kW -
kWhp,eeiine = (KWpyseiine X Operating hours)
=(82.62 kW)(8,400 hours)

= 694,008 kWh

]

- The retrofit energy efficient motor has an efficiency of 94.1%. From manufacturer’s f
performance data, the general equation for calculating the pump horsepower required by a ?
variable volume hydraulic unit is:

(Q gpm)(P psi)
1,714 P’
where,
Cyp = compensation factor(@1000 psi C,,, =4 hp, @2000 psi C,, =7 hp)

Pump horsepower =

When the conveyor is stopped, the hydraulic unit operates at 2,000 psi with a volume of 0.5
gpm. When it is in motion, the output is 1,000 psi with a volume of 35 gpm. The conveyor is
idle 2/3 of the time and in motion 1/3 of the time.
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The load per motor when the conveyor is at idle for the retrofit is:

2,000x0.5
Pump horsepower =| ————— |+

1714
=7.58 hp

(Pump horsepower)(0.746 kW / hp)
Eff
{(7.58)(0.746 kW / hp)
1

k\N'Iclle

}(# motors)

0.941 :I(Z motors)

=12.02 kW

The load per motor when the conveyor is in motion for the retrofit is:

1,000% 35
Pump horsepower =| ———-—
1715
=24.41hp
P .
KW, = ‘V( ump horsepower)(0.746 kW / hp) (# motors)
L Eff
"’ A
_ ((-4.4 1)(0.746) } (2 motors)
L 0.941
=38.70 kW
KWrerose = (1/3)(38.7 kW) +(2/3)(12.02)
=209 kW

kWhgerosie = (KWrerosi J(Operating hours)
=(20.9 kW)(8,400 hours)
=175.672 kWh

The ex post load impacts for the measure were:

kW r educedex post = kW, Baseline ~ kWRem)ﬁl
=82.62-38.7
=43.92 kW
kWh savedex post =k WhBaseline - kWhRﬂmﬁl

= 694,008 - 175,672
=518,336 kWh

4-83

—XENERGY




SECTION 4 PROCESS MEASURES

Table 4-62 shows the ex post load impacts by time-of-use period. This table typically
incorporates average KW values, thus the coincident impacts may not match the ex post kW
reduced shown above.

Table 4-62
kW Reduction and kWh Savings by Time-Of-Use Period
kW Reduced
Coincident kw kWh
Average kW with System Adjustment Adjustment
Costing Period Reduced Peak Factor kWh Savings Factor
Summer On-peak 63.00 70.6 1.00 46,746 0.09
Summer Semi-peak 61.70 0.98 58,862 0.11
Summer Off-peak 61.23 0.97 120,990 0.23
Winter On-peak 70.60 70.6 1.00 31,135 0.06
Winter Semi-peak 51.50 0.82 98,417 0.19
Winter Off-peak 59.55 0.95 162,929 0.31
Totals 518,284 0.99

4.23.4 Comparison of Ex Ante and Ex Post Impact Estimates

Table 4-63 summarizes the ex ante and ex post load impact estimates.

Comparison of the ex ante and ex post load impact estimates shows a realization rate for demand
reduction of 1.03 and for energy savings of 1.44. The differences came from differences of
interpretation of manufacturer’s data provided.

Table 4-63
Demand and Energy Impact Summary

Demand Energy Gas

(kW/Year) (kWh/Year) (Therms/Year)
Ex ante estimated impacts 42.8 359,920 N/A
Ex post estimated gross impacts 43.9 518,284 N/A
Difference 1.1 158,354 N/A
Realization rate 1.03 1.44 N/A

4.23.5 Persistence of the Measure

ASHRAE Journal December 1988, Service Lives lists service life for energy efficient motors as
15 years. No published service life for variable volume hydraulic pumps in process applications
could be found, however, the 15 year life assigned to the measure is reasonable.
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4.24 1D No. 14270 - AMPLIFIER SEQUENCER

4.24.1 Facility Information

This facility, located in San Diego, CA produces and tests electronic equipment. The plant
performs high power vibration testing on electronic components. The testing facilities operate 24
hours per day, 90 days per year (2,160 hours per year). During this time, the testing vibrator is in
operation approximately 10 minutes of each hour and idle 50 minutes.

Ex ante measurements showed that the vibrator had an idle mode power consumption of 39.7
kW, which represents wasted energy.

By installing an amplifier sequencer the vibrator coil is turned off when it is not in actual
operation, thus, the energy wasted during idle periods can be saved. The savings are generated
by the lower energy consumption of the solid state converter in no load condition which occurs
60% of the time. There are no demand savings from this measure.

4.24.2 Ex Ante Load Impact Estimation

A test was conducted to monitor the power requirements of the amplifier under load and no-load
conditions. Under baseline operations, the amplifier would not be turned off. The results of the
test show the typical demand under no-load conditions would be 39.7 kW. This is the kW
reduced when the amplifier sequencer is operating. There would, however, be no demand
reduction benefits as a result of the measure.

The ex ante energy saved is:

kWh saved., ,... =(39.7 kW reduced)(20 hours/ day)(90 days/ year)
- (108 kWh in additional energy consumed by the measure)
=71,460-108
.=71,352 kWh/ year

4.24.3 Ex Post Load Impact Estimation

The site was visited on December 4, 1996. Interviews were conducted with plant personnel. The
new installations were inspected. The testing system was not in use at the time of the site visit,
and it was not expected to be used in the immediate future.

The program file included information regarding the performance characteristics of the vibrator
and the sequencer, as well as the results of the ex ante measurements. This information, along
with the measurements taken ex post, were used to calculate the ex post demand and energy
impacts.
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The baseline condition is the vibration test facility operating without the amplifier sequencer, in
which case, the vibrator coil draws power continuously as long as the facility is active.

The existing vibration tester drew 39.7 kW in the idle mode. The baseline energy use was
calculated as:

kW (existing vibration tester) = 39.7 kWV

Hours the tester is in idle mode = (24 hours / day)(90 day / year)(50 min / hour)(1 / 60 hour / min)
= 1,800 hours / year

kWh =(39.7 kWW)(1,800 hours)

=71,460 kWh

Baseline

The retrofit vibration tester drew 0.06 kW in the idle mode. The ex post retrofit energy use was
calculated as:

kW(remrofit vibration tester) = 0.06 kW

Hours the tester is in idle mode = (24 hours / day) (90 day / year)(50 min / hour)(1 / 60 hour / min)
= 1,800 hours / year

kW hageiine = (0.06 kW) (1,800 hours)
=108 kWh

The ex post load impacts due to the retrofit were:

kWhBaseline =kWh Baseline ™~ kWh Retrofit
=71,460-108
=71,352kWh

Table 4-64 shows the ex post load impacts by time-of-use period. This table typically
incorporates average kW values, thus the coincident impacts may not match the ex post kW
reduced shown above.
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Table 4-64
kW and kWh Impacts by Time-of-Use Period
kW Reduced
Coincident kw KWh
Average kW | with System | Adjustment Adjustment
Costing Period Reduced Peak Period Factor KWh Savings Factor
Summer On-peak 8.15 8.15 1.00 6,047 0.08
Summer Semi-peak 8.15 1.00 7,775 0.11
Summer Off-peak 8.15 1.00 16,104 0.23
Winter On-peak 8.15 8.15 1.00 3,594 0.05
Winter Semi-peak 8.15 1.00 15,575 0.22
Winter Off-peak 8.15 1.00 22,298 0.31
Totals 71,393 1.00

4.24.4 Comparison of Ex Ante and Ex Post Impact Estimate

Table 4-65 summarizes the ex ante and ex post load impact estimates. The amplifier sequencer is
function as expected.

Table 4-65
Demand and Energy Impact Summary

Demand Energy Gas

(kW/Year) (kWh/Year) (Therms/Year)
Ex ante estimated impacts 0 71,352 N/A
EXx post estimated gross impacts | 0 71,352 N/A
Difference N/A 0 N/A
Realization rate N/A 1.00 N/A

4.24.5 Persistence of the Measure

No published estimate for the life of the amplifier sequencer could be located, but, given the type
of equipment, the 15 year life assigned is reasonable and appropriate.

4.25 ID No. 14352 - VARIABLE SPEED DRIVE ON AN AIR COMPRESSOR

4.25.1 Facility Information

This is a bottling plant in San Diego, CA. The plant operates 24 hours per day, 7 days per week,
52 weeks per year (8,760 hours per year). Compressed air for the plant is provided by two

150 horsepower compressors with different operating characteristics. The plant’s operating
schedule is shown in Table 4-66.
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Table 4-66
Plant Operating Schedule

% Capacity
Time Lines of One
Shift Period Operating Compressor
First Shift 6 am.-2 p.m. 3 Lines 60%
Second Shift | 2 p.m.-10 p.m. 2 Lines 40%
Third Shift 10 p.m.-6 a.m. 1 Line 20%

Ex ante measurements indicate that the compressors are each operates 50% of the time and that
only one compressor operates at any given time.

One of the existing compressors uses an inlet throttling valve and the other uses a turn valve for
capacity control. Both of these methods of control result in poor part load efficiency for the
machines.

Replacement of the turn valve and the inlet throttling valve in the two compressors with a
variable speed drive controlling the system will increase the part load efficiency of both
compressors. Since the compressors operate at part load most of the hours of the year, an
increase in the part load efficiency of the units will reduce the peak demand and the annual
energy consumption.

4.25.2 Ex Ante Load Impact Estimation

Operations of the turn valve compressor were obtained by monitoring a 100 hp turn valve
compressor. The inlet valve compressor data were obtained by locking the turn valve 100%
open. No data exists for air flows below 41.6%. The units will modulate the air flows below this
point, but the kW will remain constant. These data are shown in Table 4-67.

Table 4-67
Compressor Input kW
Total Power In kW
%Flow Inlet Valve Turn Valve VSD
41.6% 73.53 64.78 4243
55.7% 77.67 65.36 53.51
66.3% 79.73 68.39 63.64
60.0% 78.51 66.59 57.62

Table 4-68 shows the energy savings of a 100 horsepower compressor unit.

4-88

—XENERGY



SECTION 4 PROCESS MEASURES

Table 4-68
KkWh Savings For a 100 Horsepower Compressor
kW Reduced Operating Hours kWh Savings/Year
Inlet Turn Inlet Turn Iniet Turn
8 Hour Air Flow | Air Flow Valve Valve Valve Valve Valve Valve
Shifts # Lines | Required | Supplied Unit Unit Unit Unit Unit Unit Total

6 am-2 pm 3 60% 60.0% 20.89 8.97 1,456 1,464 30,410 13,132 43,542
2 pm-10 pm 2 40% 41.6% 31.10 22.35 1,456 1.464 45282 32,720 78.002
10 pm-6 am 1 20% 41.6% 31.10 22.35 1,456 1,464 | 45282 32,720 78.002
120974 78,573 199,546

The savings shown in Table 4-68 are from a 100 hp compressor. The savings for a 125 hp unit
was obtained through a proportioning of the savings as:

_ (kWh savings from 100 hp unit)
exante = 100 hp

_ 199,546 kWh

100 hp

= 249,433 kWh

kWh

(125 hp)

(125 hp)

The ex ante demand reduction is estimated as:

kaor 100 hp unit = kyVlnlel valve @60% Flow ~ kWVSD @60% Flow

=78.51-57.62
= 20.89 kW

KW e = (KW for 100 hp unit) (15522)
=26.11 kW

4.25.3 Ex Post Load Impact Estimation

A site visit was not performed at the site due to scheduling and production conflicts. An analysis
was performed using the compressor performance characteristics and load profile provided in the
project file to calculate the demand and energy consumption on an hourly basis ex ante and ex
post.

The baseline for comparison is the plant operating on the load profile generated from ex ante
measurements with either the inlet valve and turn valve compressor operating such that each
machine operates 50% of the time.

Compressor performance data were taken from a presentation to SDG&E entitled, Screw
Compressors and AF Drives: Applications and Opportunities, by Eaton Corporation, February
1994. Values shown in this presentation represent test data taken from a 100 hp compressor and
was extrapolated to the larger compressors which exist at the plant.
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The data shown in Table 4-69 indicates that for the inlet valve and turn valve controls. reduction
of the compressor load below 41.6% of full load does not reduce the power demand. This is not

true of the VSD control. Power demand will decrease with compressor load as low as 20% of
full load. '

Table 4-69
Total Power Demand (kW)
% Load Control Method
(Flow) Inlet Valve | Turn Valve VSD
60% 117.75 99.89 86.43
40% 110.30 97.17 61.38
20% 110.30 97.17 32.09
Interpolated from presentation in project file, adjusted for 150 hp
compressor.

Ex ante measurements show that the inlet valve and the turn valve controlled compressors each
operate, on average, 4,380 hours per year divided equally between 60%, 40% and 20% of full
load. It is reasonable to believe that at some time, each compressor will operate at full load
which means that the peak demand will be:

Peak kW, = 135.87 kW
The annual energy consumption will be:

kW hiasoime = (1,460 hours)(117.75 kW ~ 110.30 kW + 110.30 kW)
+ (1,460 hours)(99.89 kW + 97.17 kW +97.17 kW)
= 923,567 kWh

In the retrofit coriﬁguration, the VSD control operates 8,760 hours per year on average divided
evenly between 60%, 40%. and 20% of full load. It is reasonable to believe that at some time,

each compressor will operate at full load which means that the peak demand will be:

Peak kWryy, = 135.87 kW

The annual retrofit energy consumption will be:

KW h oo = (2,920 hours)(86.43 kW +61.38 kW + 32.09 kW)
= 525,308 kWh
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The ex post load impacts from this measure are:

kW reduced = Peak kWy,.ii,. - Peak kWy,,,,.,

=135.87-135.87
=0kW

ex post

kWh saved = kWh

ex post Bascline

-kW thmﬁl
= 923,567 - 525,308
= 398,259 kWh

Table 4-70 shows the ex post load impacts by time-of-use period. This table typically
incorporates average kW values, thus the coincident impacts may not match the ex post kW
reduced shown above.

Table 4-70
kW and kWh Impacts by Time-of-Use Period
kW Reduced .
Coincident kW kWh
Average KW | with System | Adjustment Adjustment
Costing Period Reduced Peak Period Factor kWh Savings Factor

Summer On-peak 33.80 424 1.00 25,080 0.06
Summer Semi-peak 31.27 093] . 29,832 0.07
Summer Off-peak 56.70 1.68 112,039 0.28
Winter On-peak 42.36 424 1.00 18,681 0.05
Winter Semi-peak 33.86 ) 1.00 64,706 0.16
Winter Off-peak 54.07 1.60 - 147,936 0.37
Totals 398,274 0.99

4.25.4 Comparison of Ex Ante and Ex Post Impact Estimate

Table 4-71 summarizes the ex ante and ex post load impact estimates. While the compressors
operate, on average, on the profile set forth earlier, it is reasonable to believe that at some time
during the day, the compressor in operation will reach 100% load. This is true ex ante and

ex post. For this reason, there will be no demand reduction. Since the ex ante analysis predicts a

reduction, the realization rate for demand is 0. A comparison of the annual energy savings
estimates from the ex ante and ex post analyses show a realization rate of 1.60. Understatement
of the savings in the ex ante analysis is due partly to an error by which the size of the

compressors was taken as 125 hp when they are actually 150 hp. Further understatement comes

from the assumption that the energy demand of the VSD would not decrease with load below
40% of full load. In fact, the demand of the VSD will decrease more or less linearly with load
down to 20% of full load.
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Table 4-71
Demand and Energy Impact Summary
Demand Energy Gas
(kW/Year) | (kWh/Year) | (Therms/Year)
Ex ante estimated impacts 26.11 249,433 N/A
Ex post estimated gross impacts 0 398,259 N/A
Difference 26.11 -148.,826 N/A
Realization rate 0 1.60 N/A

4.25.5 Persistence of the Measure

The ASHRAE Journal, December 1988 lists a Service Life for Process Adjustable Speed Drives
of 16 years. This indicates that the 15 years assigned is appropriate.

4.26 ID No. 17144 - BOILER REPLACEMENT

4.26.1 Facility Information

This is a manufacturing facility in San Diego, CA. The plant processes use steam and hot water
24 hours per day, 365 days per year (8,760 hours per year). The plant was equipped with a gas-
fired steam boiler and a steam hot water.

A steam boiler with stack heat recovery will have a higher system efficiency than a new boiler
and hot water generator separately. Savings will be achieved because the higher efficiency of the
boiler with heat recovery and the elimination of losses in the steam hot water generator will mean
less gas is required to do the work.

4.26.2 Ex Ante Load Impact Estimation

An engineering analysis was used to estimate the ex ante load impacts of the measure.
Table 4-72 shows the assumptions used in estimating the ex ante load impacts for the measure.
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Table 4-72
Ex Ante Load Impact Assumptions
Equipment Parameter Value
Baseline boiler w.o Size 100 horsepower
economizer
High fire: Efficiency 80%
Input 4,184,000 Btuh
Output 3,347,500 Btuh
Low fire: Efficiency 81%
Input 2,066,000 Btuh
Output 1,673,750 Btuh
Load served 50%
Load factor 70%
Operating 24 hours/day
hours 365 days/year
8,760 hours/year
Standby 10% runtime in standby mode.
factor
Retrofit boiler w/ Size 100 horsepower
economizer
High fire Efficiency 84%
Input 3,985,100 Btuh
Output 3,347,500 Btuh
Low fire Efficiency 85%
Input 1,969,000 Btuh
Output 1,673,750 Btuh
Operating . 24 hours/day
hours 365 days/year
8,760 hours/year
Standby 10% runtime in standby mode.
factor

The demand for steam/hot water was estimated.

Demand for steam / hot water = (Boiler output ,,,,, ;.. )(24 hours / day)(Load factor)

= (1,427,400 Btuh)(24 hours / day)(0.70)

=23,973,600 Btu / day
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Thus, the boiler need to provide 23,973,600 Btu per day to meet the demand for steam and hot
water. To meet this demand the baseline boiler would run:

Demand for steam / hot water
Hours / day = J

Boiler low OUIPUL g, uiine

_ (23.973,600 Btu / day)
1,673,750 Btuh

= 14.32 hours / day
The 14.32 hours/day equates to a load factor of 0.597.
Ex ante energy use through the baseline boiler was estimated at:

Therms (full load) s, = (20.66 therms / hour)(24 hours / day)(365 days / year)(0.597)
= 108,046 therms / year

Therms (standby) g, iime = (20.66 therms / hour)(24 hours / day)(365 days / year)(0.403)(0.10)
=7,294 therms / year

Therms (total)g,g,p;,. = Therms (full load) g,,u,. + Therms (standby) g,
= 108,046 + 7,294
= 115,340 therms / year

The ex ante energy use through the retrofit boiler was calculated as:

Therms (full load) g,y = (19.69 therms / hour)(24 hours / day)(365 days / year)(0.597)
=102,973 therms / year

Therms (standby) gy, = (19.96 therms / hour)(24 hours / day)(365 days / year)(0.403)(0.10)
=6,951 therms / year '

Therms (total) g,y = Therms (full l0ad) ,.yes + Therms (standby) ppon
=102,973 + 6,951
= 109,924 therms / year
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The ex ante energy savings for the measure was calculated as:

Therms saved,, . = Therms (total) g, . + Therms (total) g,.,.n:

=115340-109.924
= 5,415 therms / year

No electricity load impacts were estimated for this measure.

4.26.3 Ex Post Load Impact Estimation

The baseline condition for comparison is a 100 hp Clayton boiler and a steam hot water generator
providing the same amounts of steam and hot water as the then-installed Miura boiler and with
heat exchanger to generate hot water. The Miura boiler and heat exchanger had to be replaced,
thus the Clayton unit is used as the baseline.

Ex ante measurements indicate that the baseline system was producing steam and hot water at an
average output of 999,180 Btu/hour. According to manufacturer’s performance data, the Clayton
boiler without economizer has a rated input of 4,184,000 Btwhour at high fire with an operating
efficiency of 80% and 2.066,000 Btuw/hr and 81% at low fire. The corresponding rated outputs
are 3,347,200 Btwhour at high fire and 1,673,460 Btu/hour at low fire. For calculation purposes,
we will use an average capacity of 2,510,330 Btwhour.

To match the capacity of existing boilers, the Clayton boiler will operate at a duty cycle of:

999.180 Btu/ hour

Duty cycle,, .. . =
1y C) Basefine 2,510,330 Btu/ hour

=39.8%
The daily output will be:

(0.398)(24 hours/ day) (2,510,330 Btu/ hour)

Daily output =
100,000 Btu/ therm

= 239.8 therms / day

During the time when the boiler is not operating (60.2%), it will be in standby mode which
means it will fire at low fire 10% of the time. The output will be:

(1-0.398)(24 hours/ day)(0.10)(1,673,460 Btu/ hour)

Standby output =
anaby outpu 100,000 Btu/ therm

= 24.2 therms/ day
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Total daily output is:

Total dailv output = Daily output + Standby output
=2398+24.2
= 264.0 therms/ day

Taking an average efficiency for the Clayton boiler without heat recovery of 80.5%, the gas input
will be:

264.0 therms/ day
0.805 efficiency rating

Daily gas consumption g,ejine =

= 328.0 therms/ day

Annual gas consumption g, i, = (328.0 therms/ day)(365 days/ year)
=119,720 therms/ year

The ex post stack gas analysis shows that the efficiency of the Clayton boiler with an economizer
is 84.9% at high fire and 85.2% at low fire, an average of 85.1%. The firing rates are the same in
both cases, so the annual energy consumption for the retrofit case will be:

264.0 therms/ day
0.851 efficiency rating

Daily gas consumption g on =

= 310.2 therms/ day

Annual gas CONSUMPtion gy, = (310.2 therms/ day)(365 days/ year)
=113,231 therms/ year

The ex post energy savings is:

Energy savings,, p., = Annual gas consumptionyg,,,,;,, - Annual gas consumptiong,,,.,
=119,720-113,231

= 6,489 therms/ year

There are no electric load impacts associated with this measure.
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Table 4-73 shows the ex post load impacts by time-of-use period. This table typically
incorporates average kW values, thus the coincident impacts may not match the ex posr kKW
reduced shown above.

4.26.4 Comparison of Ex Ante and Ex Post Impact Estimate

Table 4-73 summarizes the ex ante and ex post load impact estimates. The major reason for the
difference between the ex ante and ex post load impact estimate was due to method of calculation
of duty cycle in the ex ante analysis where it was assumed the boiler never operates at high fire.
This overstates the duty cycle and understates the savings. Another factor is that the ex ante
analysis uses the manufacturer’s efficiency ratings of 84% at high fire and 85% at low fire for the
retrofit boiler, while the ex post analysis uses measured efficiency values of 84.9% high fire and
85.2% at low fire. This would also result in understatement of the savings.

Table 4-73
Demand and Energy Impact Summary

Demand Energy Gas

(kW/Year) (kWh/Year) (Therms/Year)
Ex ante estimated impacts N/A N/A 5,415
Ex post estimated gross impacts N/A N/A 6,489
Difference N/A N/A 1,074
Realization rate N/A N/A 1.20

4.26.5 Persistence of the Measure

The typical expected service life for a heat exchanger is 10 years for this measure, while the
typical service life for a boiler is 15 years. On this basis, the 15 year life assigned to the entire
system is somewhat on the optimistic side.

4.27 ID No. 17476 - CROSSOVER PIPING

4.27.1 Facility Information

This is a ship repair facility in San Diego, CA which operates 7 days a week, 24 hours per day,
365 days a year (8,760 hours per year). The yard has a system which provides pressurized (120-
150 psi) salt water for fire protection and other uses. The system consists of two piping loops,
each served by a 200 horsepower pump which delivers 1,000 gallons per minute at 150 psi.
When the demand for salt water is low, the excess pump capacity is bypassed back to San Diego
Bay through pressure relief valves.
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By installing crossover piping between the two loops, both loops can be served by one pump
during periods of low demand, reducing pump horsepower. When the demand increases. both
pumps can be operated. Savings are achieved by better matching pumping capacity to demand
and eliminating the bypassing of pressurized salt water back to the Bay. This can be measured in
terms of lower pump horsepower.

4.27.2 Ex Ante Load Impact Estimation

Through the installation of crossover piping. one 200 hp pump was to removed from service. An
existing 200 hp pump would have been used to meet its load, as well as the load of the pump that
was removed. To meet the additional loads. the load on the existing pump increased from

140 bhp to 180 bhp. The load of the pump that was to be removed was 140 bhp.

The ex ante demand reduction was:

_ (bhp removed - bhp added)(0.746 kW / bhp)

ex ante

kW reduced

0.933 efficiency rating

=79.96 kW

The system operates 8.760 hours per year. The ex ante energy saved is:

kWh saved,, ;... = (kW reduced., ,,. )(operating hours)
= (79.96 kW)(8,760 hours/ year)
= 700,424 kWh :

4.27.3 Ex Post Load Impact Estimation

The system had been modified substantially between the time of the retrofit and the site visit.
Thus, it was not possible to take ex post measurements on the equipment that would accurately
represent the pre-retrofit condition. An analysis was done using the pump performance
characteristics furnished by the customer. These were used to calculate demand savings which
were, in turn, used to calculate energy savings based on schedule information.

The baseline condition is the plant as it existed before the retrofit with two 200 horsepower
pumps operating 8,760 hours per year, each serving one piping loop. Excess capacity is

bypassed back to the Bay.

From pump performance curves the assumptions in Table 4-74 were identified.
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Table 4-74
Ex Post Load Impact Assumption

Parameter Value
At 1,000 gpm Pressure=152 psi
Brake hp=1235 bhp
From motor performance data: between 100 to Motor efficiency=93%
200 hp

The power demand will be:

o _ (125 bhp)(0.746 kW / bhp) (2 pumps)
Baseline 0.93 efficiency rating - pump
=(100.25 kW / pump)(2 pumps)

=200.5 kW

Energy consumption for the baseline is:

kWhBaseline = (200'5 kW / pump) (8, 760 hOllrS / year)
=1,756,709 kWh / year

After the retrofit, the customer indicated that the yard was able operate on one pump 75% of the
time and required two pumps 25% of the time. From the pump performance curves, when one
pump is providing 2,000 gpm, the pressure will fall off to 122 psi, and the bhp requirement will
be 180 bhp. :

The kW demand for the retrofit is:

kWRelroﬁI = (0 75) (kWone pump) + (0 2 5) (kthwo pumps)

(180 bhp)(0.746 kW / bhp)

- - +(0.25)(200.25)
0.93 efficiency rating.

=(0.75)

=158.4 kW
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The annual energy consumption is the sum of the energy use for the one pump and two pump
configurations:

kWh 5 pump = (8.760 hours/ year)(0.75)(144.39 kW)
=948,623 kWh/ year

KWh r; pumps = (8,760 hours/ year)(0.25)(200.6 kW)
=439,178 kWh/ year

kWh total Retrofit — kWh One pump +kWh Two pumps
=948,623+439,178
=1,387,801 kWh/ year

The ex post energy savings is:

kWh saved =kWh

ex post Baseline — kWh total Retrofit
=1.756,709 - 1,387,801
= 368,908 kWh / year

The ex post demand reduction is:

kW reduced = kW,

ex post Baseine

=200.5-158.4
=421 kW

- kW,

Retrofit

4.27.4 Comparison of Ex Ante and Ex Post Impact Estimates

Table 4-75 summarizes the ex ante and ex post load impact estimates. The ex ante analysis was
based on the assumption that the crossover piping would allow the yard to operate with one
pump all year. Yard personnel indicate that it is necessary to operate a second pump to meet

demand about 25% of the time resulting in lower ex post load impact estimates than the exante
estimates.

Table 4-75
Demand and Energy Impact Summary

Demand Energy Gas

(kW/Year) (kWh/Year) (Therms/Year)
Ex ante estimated impacts 79.96 700,424 N/A
Ex post estimated gross impacts 42.10 368,908 N/A
Difference 37.86 331,516 N/A
Realization rate 047 0.53 N/A
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4.27.5 Persistence of the Measure

The 20 year life assigned is appropriate based on industry literature.

4.28 ID No. 17504 - COMPRESSED AIR SYSTEM LOSS ABATEMENT

4.28.1 Facility Information

This is a facility that manufactures and tests gas turbine power units for non-aircraft uses. The
plant is located in San Diego, CA and operates 8,760 hours per year. The plant uses large
amounts of compressed air throughout the facility for various purposes. The compressed air plant
consists of seven (7) air compressors with a total of 2,850 horsepower that are cycled on and off
as needed to meet demand.

An ex ante study of the compressed air system commissioned by SDG&E indicated that there
were two principal sources of air loss from the system. ‘System air leakage was measured at 685
cfm and loss due to inefficient moisture trap operation accounted for 56 cfm. It was determined
that the system leakage could be reduced to 250 cfm and the loss through the moisture traps
could be eliminated entirely.

An aggressive program of leak abatement was undertaken in which over 1,000 air leaks of
various sizes were identified and repaired. Additionally, the system moisture traps were changed
1o a type which operated with less loss of air. The savings are achieved by reducing the air
demand on the system which reduces compressor loading and run time.

4.28.2 Ex Ante Load Impact Estimation

An engineering analysis was performed to estimate the ex ante load impact estimates for this
facility. The ex ante demand and energy impacts were 174 kW and 1,602,355 kWh, respectively.

4.28.3 Ex Post Load Impact Estimation

A site visit was made and a sample of the system modifications were verified visually. Spot
measurements of power, power factor, voltage, current, and total harmonic distortion were taken
for one of the compressors. A current logger was installed on this compressor and allowed to
gather data over Christmas Day when the plant was closed and no equipment was operating to
determine whether the system was leaking. It was arranged with the plant personnel to disable
all the air compressors except the one being monitored on Christmas Day.

The key research assumption is that any compressor operation in the system during the holiday
schedule would be due to leakage or moisture trap losses and the make-up pressure must be
furnished by the single compressor.
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With all equipment shut down over Christmas Day, it was determined through monitored data
that the average compressor demand was 116.4 kW. These data, however, cannot be directly
converted into the load impacts of the compressed air system improvements. Rather, they were
an indicator that the compressed air system had leaks.

A review of the project file showed that the pre-retrofit analysis actually recommended measures
which would reduce compressed air leakage from 685 cfm to 250 cfm. This key assumption was
used to estimate the demand reduced due to the measures:

_ (dCEM)(Cp)pXdT)
ex post Ec
where,

dCFM = air loss reduction, SCFM
Cp = Specific heat of air at constant pressure, 0.24 Bt/ #-F
p = air density at site, 0.0736 #/cf
dT = temperature differential across compressor (559° F -70° F)
Ec = compressor mechanical efficiency (60%)

kW reduced

Thus, the ex post kW reduced was:

_(435)(0.24)(0.0736)(489)

kW reduced , ,,,, =
e (0.6*2545)

=110.14 kW

The ex post energy saved was:
kWh saved , ,,,, = (kW reduced,, ., )(operating hours)
=(110.14 kW)(8,700)
958,203 kWh

4.28.4 Comparison of Ex Ante and Ex Post Impact Estimates

Table 4-76 summarizes the ex ante and ex post load impact estimates. The low realization rates
for demand and energy are the result of taking the wrong level of reduction in air loss in the ex
ante estimate. An ex ante analysis of the compressed air system showed an average air loss of
741 cfm. It also showed that this could be reduced to 250 cfm. The ex ante load impact analysis
assumed that the air loss would be reduced to zero cfm, resulting in overstatement of the load
impacts of the measure.

4-102




SECTION 4 PROCESS MEASURES

Table 4-76
Demand and Energy Impact Summary

Demand Energy Gas

(kW/Year) (KWh/Year) (Therms/Year)
Ex ante estimated impacts 174.0 1.602,355 N/A
Ex post estimated gross impacts 110.1 958,203 N/A
Difference 63.9 644,152 N/A
Realization rate 0..63 0.60 N/A

4.28.5 Persistence of the Measure

The benefits from replacement of the moisture traps will last for the 5 year life assigned. The
savings from the leak abatement program will last as long as the program is continued, but if the
program is discontinued, i.e., leaks are not regularly repaired, the savings will diminish. This
component of the savings will likely have reduced persistence.

4.29 ID No. 18012 - VARIABLE SPEED DRIVES ON INJECTION MOLDERS

4.29.1 Facility Information

This is a manufacturing facility in National City , CA which produces plastic parts. The plant
operates 24 hours per day. 6 days per week. 52 weeks per year for a total of 7,488 hours per year.
The plant is equipped with nine injection molding machines which produce the parts.

The injection molding machines are electro-hydraulic devices. In normal operation, the
hydraulic pump operates at full load continuously with excess oil being bypassed back to the
reservoir. This represents a waste of energy that could be reduced.

By retrofitting the pump drive with a variable speed drive (VSD) that adjusts pump output so
little or no oil is bypassed. the waste of energy can eliminated.

Six of the nine molders were fitted with VSD’s. The principal savings are from reduced energy
consumption by the pump motors. Analysis of utility bills shows that the peak demand was also
reduced by an average of 36.8 kW over the first year of operation after the retrofit. Ex post
measurements have shown that the molders that were retrofitted with VSD units have lower
cycle times by 5 seconds per cycle. This means that each machine can produce 16% more parts,
about 750 parts per day with a value of $875.

4.29.2 Ex Ante Load Impact Estimation

The ex ante load impacts of this measure were estimated through an engineering analysis of the
motor loads associated with the six injection molding machines affected by the measure. Motor
load tests were conducted to gather data for the ex ante load impact estimates.
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The ex ante load impact estimates were 63 kW and 471,744 kWh.
4.29.3 Ex Post Load Impact Estimation

Ex ante data on the performance and energy consumption of the molders was included in Rebate
Application Package. This information was used to establish a baseline. Post-retrofit data were
gathered from study data provided by SDG&E for similar machines. The peak demand was
taken from utility bills for the year before and the year after the retrofit.

The baseline for this measure is the plant operating with no variable speed drives on its molding
machines. Table 4-77 shows the energy use for the baseline injection molders.

Table 4-77
Baseline Injection Molder Energy Use

kWh/hr kWh/hr Saving Saving

# Machine Type Tons HP Before After kWh/hr kWh/yr
1 Kawaguchi 265 50 25 i2 13 97,344
2 | Kawaguchi 365 50 28 12 16 119,808
3 Kawaguchi 220 40 21.5 9.5 12 89,856
4 Toshiba 310 50 24.5 12 12.5 93,600
5 | Van Dom 230 40 22 14 8 59,904
6 Vistar 500 40/50 49 25 24 179,712
Totals 170 84.5 85.5 640,224

Table 4-78 shows the ex post load impacts by time-of-use period. This table typically

incorporates average kW values, thus the coincident impacts may not match the ex post kW
reduced shown above.

Table 4-78
kW and kWh Impacts by Time-of-Use Period
kW Reduced
Coincident with kWh
Average kW System Peak kW Adjustment Adjustment

Costing Period Reduced Period Factor kWh Savings Factor
Summer On-peak 85.5 85.5 1.00 63.441 0.10
Summer Semi-peak 85.5 1.00 81,567 0.13
Summer Off-peak 62.4 0.73 123,302 0.19
Winter On-peak 85.5 85.5 1.00 37.706 0.06
Winter Semi-peak 85.5 1.00 163,391 0.26
Winter Off-peak 62.4 0.73 170,726 0.27
Totals 640,133 101

4.29.4 Comparison of Ex Ante and Ex Post Impact Estimates

Table 4-79 summarizes the ex ante and ex post load impact estimates. The ex ante estimates of
demand and energy savings were taken from vendor’s literature and seem to be somewhat
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conservative. Ex post energy savings were derived from a study done by Efficient Industrial
Control Systems on the effect of VSD’s on energy use of injection molders. In the ex ante
analysis, the vendor used a technique in which the energy consumption is measured over a period
of time (30 minutes or more) and this energy (kWh) was divided by the time period to get a value
for kWh per hour. This technique is not appropriate for calculating changes in peak demand.
The realization rate for demand reduction is 0.58 and for energy savings is 1.36. No adjustment
was made in the ex ante analysis for the increased production of the machines after retrofit, so
none was made in the ex post analysis to allow direct comparison of the two estimates.

Table 4-79
Demand and Energy Impact Summary
. Demand Energy Gas
(kW/Year) (kWh/Year) (Therms/Year)
Ex ante estimated impacts 63.0 471,744 N/A
Ex post estimated gross impacts 36.8 640,244 N/A
Difference 26.2 168,500 N/A
Realization rate 0.58 1.36 N/A

4.29.5 Persistence of the Measure

In the December 1988 edition of the ASHRAE Journal, Table 1 in the article, Service Lives, lists
a service life of 16 years for Process Adjustable Speed Drives. This is somewhat longer than the
10 years used by the utility. Thus, the 10 year life estimated for the project is an appropriate and
conservative figure.
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The methodology for estimating the ex post load impacts of industrial motors installed under
SDG&E’s 1995 Industrial Energy Efficiency Incentives Program is discussed in Section 3.3.
This section presents the results of the evaluation.

5.1 GRoOss LoAD IMPACTS - MOTORS

A survey, both on-site and telephone, was conducted to verify operating hours and to gain an
understanding of the motor load characteristics. Table 5-1 shows that the study sample

disposition was in compliance with the requirements of Table C-5 of the M&E Protocols that at

least 70 percent of the total kW and kWh for the end use element must be subjected to the ex post
evaluation of load impacts.

Table 5-1
Study Sample
Percent
Participants| Surveyed | Surveyed
No. Motors 81 48 59%
No. Horsepower 2,138.00 1606.5 75%
kW Reduced 38.66 28.53 74%
kWh Saved 221,110 167,148 76%

A summary of the gross load impacts of motor measures installed under the IEEI Program are
shown in Table 5-2. Appendix A presents a detailed worksheet of motors included in the study.

Table 5-2
Summary of Gross IEEI Motor Load Impacts
Survey Participants

Realization
Ex Ante Ex Post Rate
kWh Saved 167,148 169,323 1.01
kW Reduced 28.53 31.33 1.10

Appendix A contains detailed worksheets used to estimate the motor load impacts.
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5.2 NEeT-To-GROSS - MOTORS

The net-to-gross ratio was estimated for surveved motors based on customer reported responses
during the survey. The responses were categorized into two broad categories: (1) always buy
energy efficient motors: and (2) SDG&E’s program/rebate made a difference. A net-to-gross
ratio of zero was assigned to the first category and a net-to-gross of 1.0 was assigned to the latter,

as shown in Table 5-3.

Table 5-3

Net-To-Gross Categories
Industrial Energy Efficient Motors

Net-To-Gross
Category Ratio

Always buy energy 0.00
efficient motors

SDG&E’s program/rebate 1.00
made a difference

No response N/A

Total

By applying the net-to-gross ratios assigned per Table 5-3 to the gross energy and demand
impacts, the net impacts were estimated. The Program net-to-gross ratio for industrial motors
was estimated by dividing net impacts by gross impacts, as shown in Table 5-4.

Table 5-4

Net-To-Gross Ratio for Industrial Motors

Values for respondents of
net-to-gross interview kW kWh
Ex post gross 2571} 132,025
Ex post net 7.07 38,041
Net-to-gross 0.28 0.29

5.3 PROGRAM LoOAD IMPACTS FROM MOTOR MEASURES

The Program ex post load impacts attributable to industrial motor measures was calculated by
applying the realization rate estimated in Section 5.1 and the net-to-gross ratios estimated in
Section 5.2 to the ex ante gross load impacts for the program participants. These results are

shown in Table 5-5.
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Table 5-5
Industrial Motors Program Load Impacts
. kWh KW
Ex ante estimate 221,110 38.66
Realization rate 1.01 1.10
Gross ex post impacts 223,987 42.45
Net-to-gross ratio 0.29 0.28
Net program impacts 64,537 11.68
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Appendix C

Table 6
Results Used to Support PY95 Second Earnings Claim
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1996 Industrial Energy Efficlency Incentives Program
First Year Load Impact Evaluation

Study ID No. 962

A.

Table 7

Data Quality and Processing Documentation
for Indoor Lighting

Overview Information

1. Study Title and Study ID: 1995 Industrial Energy Efficiency Incentives (IEEI) Program: First Year

Load Impact Evaluation, February 1997, MPAP-95-P98-962-R708, Study ID No. 962.

2. Program, Program Year, and Program Description: San Diego Gas & Electric offers the PY95

Commercial/Industrial/Agricultural (C/I/A) Energy Efficiency Incentives (EEI) Program to help

customers reduce energy costs and increase energy efficiency at their facilities. The C/I/A EEI Program,

supported through audit programs, energy services representatives, and account executives, provide cost-

‘ effective DSM energy savings when existing customers have retrofit opportunities. SDG&E has three

main market delivery mechanisms for providing incentives for retrofit or replace-on-burnout applications:

(1) Commercial/Industrial (C/T) Incentives Program, (2) Power to Save Program, and (3) Commercial

Rebates Program. Through this marketing strategy, SDG&E is provided the flexibility needed to encour-

age the adoption of energy efficient measures that would not otherwise be installed by customers due to

economic market barriers.

3. End Uses and/or Measures Covered: The end use covered by this report is indoor lighting.

4, Methods and Models Used: The main statistical model used is ordinary least squares regression

analysis, applied at the customer level for participants. See the modeling section of the report fora

complete discussion on the models used.

5. Participant and Comparison Group Definition: For the load impact analysis of the lighting end use, a

o

participant was defined as a customer or a group of customers with a common contract for DSM measures

who completed installation by December 31, 1995. There was no comparison group used in this study.

Analysis Sample Size:

Participants

Study Group

50

No. of Measures Installed

30,843

Average No. of Billing Months

27.9

Table 7
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1995 Industrial Energy Efficiency Incentives Program

First Year Load Impact Evaluation Study ID No. 962
B. Database Management
1. Data Flow Chart: The following diagram illustrates the relationship of the data elements used in the
analysis:
Data Flow Diagram
Participant Customer
_Gn;up__b Master File
¥
NOAA
Weather
AE Survey
Analysis
2, Data Sources: Data for the impact analysis were obtained from the following major sources:
a. Customer name, address, affected square footage, lighting hours of operation, and installation date

from the program tracking database;

b. Consumption history from the Customer Master File;
c. Information on other changes for all assigned customers in the participant group were obtained from
a survey conducted on the account executives;
d. Hourly weather data from NOAA files for the SDG&E climate zones: Maritime, Coastal and Transi-
tional climate zones.
3. Data Attrition: An attempt was made to use all participants in the regression analysis.
Status Participants
Starting Study Group 56
Billing Data Available 55
Sufficient Pre/Post Data 50
Customers Involved Only In The Retrofit Program 35
Customers With No Overlapping Contracts 34
4, Data Quality Checks: The data sets used in the regression analysis were merged in SAS by the appro-

priate key variables. Counts of data before and after data merges were verified to ensure accurate merg-

ing. Surveys, billing data and other relevant information were merged by Premise ID number. Weather

data were merged by billing cycle and climate zone.

5. Data Collection: All data collected was used.

Table 7
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Study ID No. 962

C. Sampling

1 Sampling Procedures and Protocols: An attempt to use all program participants with the end use of
interest was made.
2. Survey Information: A total of 1777 surveys for both commercial and industrial customers were sent out

to all SDG&E Marketing account executives with a cover letter explaining the survey. Approximately

9 percent (5 out of 56 participants) of the industrial lighting participants were reported to have some type

of change to the company (hiring, layoffs, elimination of shifts, addition of shifts, or other) or changes to

equipment (HVAC, lighting, process, refrigeration, or other). This information was incorporated in the

analysis for lighting.
3. Statistical Descriptions:
Lighting Energy Load Impacts
Savings
greater No Have
than 1% Parameter sqft data sqft Data Grand Total
Industrial
Participants

NO Total Estimated Impact (kWh per month) 5,418 -16,240 -10,822
Variance of Estimate 173,113,388 156,491,937 329,605,325
Total Database Ex Ante Estimate (kWh per month) 1,683 701 2,384
Average Annual Hours 8,372 8,760 8,458)
Total Lighted Square Footage 0 35,000 35,000
Sample Size 7 2 49“

YES Total Estimated Impact (kWh per month) 30,252 -119,481 -89,229“
Variance of Estimate 183,894,292| 1,130,665,402| 1,314,559,694
Total Database Ex Ante Estimate (kWh per month) 3,660 110,574 114,233
Average Annual Hours 7,278 4,149 4,425
Total Lighted Square Footage 0 1,102,161 1,102,161
Sample Size 3 31 34
Load Impact (kWh per square foot, per 1,000 hours) -.3135
Realization Rate Based On Sample Ex Ante Estimates -827% 108% 78%

Commercial Net-to-Gross! 89.0%

1
No. 959).

Obtained from the 1995 Commercial Energy Efficiency Incentives Program, First Year Load Impact Evaluation, February 1997 (Study ID

Table 7
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D, Data Screening and Analysis

1. Treatment for Outliers and Missing Data: Outliers were determined using the RMSE criterion and the

1% Savings criterion (see page 3-5).

Customers with missing square footage were discarded in the calculation of the final load impacts but
were subjected to the regression analysis. Customers with missing billing information were deleted from

the analysis if the missing data caused the participant to fail the billing data requirement.

2. A trend variable was included to account for any changes that occurred outside the DSM activity but could
potentially affect the load impact estimate. See the discussion on the Non-Weather/Non-DSM Portion of
the Regression Equation on page 3-1.

3. See above item B.3. on Data Attrition.

4. Regression Statistics: See item C.3.

5. Specification:
|

a. Individual regressions were estimated for each customer in the participant group. This accounts for |
customer heterogeneity. ’

b. Weather and trends were accounted for in each customer regression analysis. See the General Model |
Section on pages 3-1 and 3-2. |

c. No explicit accounting for self-selection bias was used in the model although SDG&E completed an I
alternative net-to-gross study that accounts for self-selection.

d. SDG&E does not believe that any regressors of any consequence have been omitted from the analysis.

e. This is discussed on page 3-4 for the lighting end use.
6. Errors in Measuring Variables: This was not addressed.
7. Autocorrelation: This was not accounted for in the model specification. It is SDG&E’s opinion that |

when autocorrelation is not corrected, the analysis does not produce a biased estimate but may cause the

estimator to be inefficient.

8. Heteroskedacity: With ordinary least squares regression analysis when applied at the customer level, the |
variance of the regression disturbance terms can vary at the customer level, and the estimator will still be ;
efficient. |

i

9. Collinearity: PROC REG in SAS will generate errors indicating severe collinearity problems caused by »

collinearity in the model. No errors were noted in the SAS output. |

Table 7 Page D-4
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10. Influential Data Points: Influential data points were determined based on the RMSE criterion and the

1% Savings criterion described on page 3-5.

11, Missing Data: Participants that did not meet the billing data requirements were eliminated from the
analysis. Although some sample points did not have square footage, they remained part of the regression

analysis. Their savings estimates, however, were not used in the calculation of the DUOM.

12. Precision: Standard errors are reported in the results tables provided above.

E. Data Interpretation and Application:

1. Calculation of Net Impacts: Method C was used to determine net impacts.

2. The M&E Protocols do not require a comparison group to determine the net-to-gross ratio for the load
impacts of industrial end uses. SDG&E has derived a net-to-gross ratio in its 1995 Commercial Energy
Efficiency Incentives Program First Year Load Impact Evaluation, February 1997, Study ID No. 959.
This was tl_le net-to-gross ratio that was applied to derive the net-to-gross ratio for the industrial lighting
load impacts. SDG&E chose to use the net-to-gross ratio developed for the commercial lighting end use
because of the small number of industrial participants and the similarity of the application of the lighting
measures between the commercial participants and the industrial participants.
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M&E PROTOCOLS TABLE 7
DATA QUALITY AND PROCESSING DOCUMENTATION
For 1995 Industrial Energy Efficiency Incentives Program
First Year Load Impact Evaluation
February 1997
Study ID No. 962

A. OVERVIEW INFORMATION

1. Study Title and Study ID: 1995 Industrial Energy Efficiency Incentives Program: First
Year Load Impact Evaluation, Process and Motor Measures, February 1997,
Study ID No. 962.

2. Program, Program Year(s), and Program Description (design): 1995 Industrial Energy
Efficiency Incentives Program for the 1995 program year. The Program is designed to help
industrial customers control energy costs by providing incentives for the installation of
energy efficient equipment at their facilities.

3. End Uses and/or Measures Covered: Industrial process and motor measures..
4. Methods and models used: Site-specific simplified engineering with verified inputs.

5. Participant and comparison group definition: For the load impact analysis, the
participants in the 1995 Industrial Energy Efficiency Incentives Program are defined as
having at least one of the aforementioned measures installed. A comparison group was not
required for this evaluation.

6. Analysis sample size:

Electric Participant Sample for Gas Participant Sample for
1995 Industrial Energy Efficiency Incentives 1995 Industrial Energy Efficiency Incentives
Program Program
No. of No. of No. of No. of

Measure Type | Participants Measures Measure Type | Participants Measures
Process 21 24 Process 3 4
Motor 34 48 Motor 0 0
Total 55 72 Total 4 4
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B. DATABASE MANAGEMENT

1.

Flow Charts:

1995
Sites

MIDAS
Tracking
System

Verification
On-Site Visit

Detailed
Measurement
Required?

No

Analysis with
Verification
Data
SDG&E Workpapers
Final
| Site Resuits

Yes

—>

SDG&E
Review

Develop Site
Plan

SDG&E
Review

Conduct
Measurement
and Verification

Complete Site
Analysis

- -

Measurement Options
On-Site inspection
Spot Metering
Short-term Pre/Post Monitoring
Long-term Pre/Post Monitoring
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Data sources: the data came from the following sources:

¢ Customer name, address, appliance saturation, installed measures, and participation date
from the program tracking database.

e Electric and gas consumption history, where applicable, from the Customer Master File.
o Site-specific data gathered on-site through measurements and monitoring..
e Ex ante engineering assumptions and analyses from program project files.

e Ex post on-site survey data.

Data Attrition:

a. Participant Sample - Load Impact Analysis
No attrition.

b. Nonparticipant Sample - Load Impact Analysis
Not applicable.

Data Quality Checks

Not applicable for this evaluation.

All data collected for this analysis were utilized.

. SAMPLING

Sampling procedures and protocols: A census of process measure participants was
conducted. Sampling of the motor measure participants was taken to assure 70% of the total
program energy and demand levels were attained per the M&E Protocols.

Survey information: On-site inspections were conducted that included a review of
operations logs, interviews of on-site staff, and measurements of the measures in operation.

Statistical Descriptions: Not applicable.
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D.

1.

10.
11.

12.

DATA SCREENING AND ANALYSIS
Outliers: Not applicable.

Missing data points: Not applicable.
Weather adjustments: Not applicable.
“Background” variables: Not applicable.
Screening procedures: Not applicable.
Regression statistics: Not applicable.
Specification:

a. Not applicable.

b. Not applicable.

c. Not applicable.

d. Not applicable.

e. Not applicable.

Error in measuring variables: On-site observation of measure installation and on-site
measurements were taken to mitigate possible errors from project files.

Autocorrelation: Not applicable.
Heteroskedasticity: Not applicable.
Collinearity: Not applicable.
Influential data points: Not applicable.
Missing Data: Not applicable.

Precision: Not applicable. Standard errors and other statistically based measures of
precision are not applicable to the site-specific engineering analyses employed in this
analysis.
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E. DATA INTERPRETATION AND APPLICATION

1. Calculation of net impacts: Not applicable.

2. Processes, choices made and rationale for E.1: Not applicable.
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