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1 Executive Summary

1.1 Overview

Water supply ad conveyance&onsumes approximately 16,000 GWh each yequivalent to6 percent
2F¥ [ It AT 2 elaCtcalénargytequiyedzknts TheCalifornia Public Utilities Commission (CPUC
initiated the Operational Energy Efficiency Program (OHE&R)jvestigate options for achieving a 10%
reduction in electrical power consumed by induction motors employed in water facilfesgy and
Environmental Economicdnc. (E3) on behalf of the CPUC, completed a preliminary Evaluation,
Measurement and Verification (EM&V) report for five pilot pump sites for OEEP o23u2@ll. This is
the final EM&V report for all 17 OEEP pumpssitegith 22 total pumps retrofit (ordered in CPUC Decision
10-04-30).

The OEEP replaces pumps run by fixed speed drives with Variable FreQueesy/FD, also known as
Variable Speed Drives or VSD. In addition, the OEEP installs Programmable Laogier€qiLCs),
efficiency optimization softwareand monitoring equipment athe facility to improve operatimal
efficiency Unlike the typical constant speed-off control of a fixed speed drive, the VFD controlled by
the PLC continuously adjusts the toospeed to optimize wire to water energy efficiency for the given

system operating conditions and within the system constraints of pressure or level

The preliminary evaluation of thive pumps over 6 months of operatidiound that the OEEMPas
potential for economic energgfficiency improvement but may not be beneficial for all pumping

facilities that have specific demands placed upon the pump.

Our finalEM&V analysisonsiders the expanded program, with 22 pumps at 17 sites. Our ability to use

the full dataset, however, is constrained by the data limitations listed below:



¢ Only six pumps have the installation, operation, and monitoring characteristics fully representative
of the OEEP.

é Five pumps did not use a bypass contactor, which allows the ¥BP tleenergized and isolated
from the pump and motor systenThese pumps also interacted with other pumps not in OEEP,
YFralAy3d GKS h99t Qa STFSOGa 2y GKSANI gANB G2 g1 (¢

é Three pumps operated under pressure control, restricting oreliminA y 3 G KS h99t | f 32N
to optimize efficiency.

é Two pumps were pressure controlled by pressure reducing valves, precluding an estimate of the
efficiency impact of the OEEP alone.

é Six pumps were excluded from data analysis altogether, eitleer to voltage imbalances, no

variation in operating speed, or no baseline data for benchmarking their operation under a fixed
speed drive

As implemented, the OEEP does not achieve aaffsttive level of efficiency improvements.

é Of the six pumps with théull OEEP, the average efficiency improvement was 1.0 perdevi
pumps demonstrated efficiency improvements of 3.1 and 15.5 percent respecthaly pumps
saw efficiency reductions ranging froi.7 to-5.5 percent At a majority of sites, the OEERI diot
produce efficiency savings sufficient to offset the additional losses®p&rcent associated with
the VFD

¢ Pump and motor efficiency changed only modestly at thirteen sifesee sites are found to have
produced significant energy savings. Hoemwnly two sites are cosffective, with energy cost
savings mainly frorthe use of theVFDto manage discharge pressure

The OEEP optimization algorithm is relatively expensive to implement due in part to the high resolution,
reaktime monitoring requred. Our main conclusion is that implementing such an efficiency algorithm is
potentially costeffective only at those sites with larger, high load factor pumps operating with a high
degree of flexibilityOther sites may benefit from less expensive moriitg and installing a VFD with a

simpler and less expensive control algorithm. The results supporting such a conclusion include:

é Eleven of the thirteen sites showed peak demand reduction angbeak energy savings. When
considering VFD installation cosifne, six sites are found to have achieved @iftctive peak
demand reduction and load shifting.



¢ Operational data including total dynamic head, flow, kW and operating speed obtained through
OEEP has helped identilypumps running at low efficiencgood candidates for replacementA
lower cost monitoring and evaluation program with2& percent success rate in identifying good
candidates for replacement pumps is found to have a Total Resourceeflimgiveness Test ratio of
1.9.

é VFDs are found to impwve power factor, reduce line losses, and reduce reactive power.dhav
find the value of reduced reactive (kVAr) loads to avef@geof the energy and demand savings at
those sites withwire-to-water efficiencyimprovements.

Our analysis indicates proloes in installing and operating the VFD and PLC as intended, or that many of
the applications were better suited to a propedized fixeespeed pump, rather than a VFD
Furthermore, the realized efficiency savings vary tremendously from site to site.fidoigs lead to

our recommendations that may improve implementation of a redesigned program in the future
Corroborating several prior studies of VFD and water utility incentive programs, these recommendations

are:

é Prior to committing funding for a VFDstallation at a facility, perform a screendeyel analysis of
the operational characteristics of the proposed pump, aiming to identify pumps that would likely
benefit from a VFDThe best candidategare systems with larger pumps, a degree of operational
flexibility, water storagecapability and high load factor&Ve find that the pumps with higher
variability in pumping load with the OEEP off also had the largest improvements in effiGitesy.
where VFDs can manage flow or pressure in place of control valves are also good candidates

é Once funding is committed, provide implementation assistance and fallpwisits to assure it all
the elements of the system are optimally designed and installed and that the system is operating as
intended over time

é Strengthen incentives to participating utilities to screen sites, realize targeted savings, and maintain
active participation byvater utility staff This recommendation aims to remedy the diminished focus
2F dziAftAdGE YFylI3ISYSyd FyR &AGFFF GKFG YFEE FNR&ES

Finally, several of the OEEP pumps demonstrated the ability to rapidly moderate energy consumption
while maintaining target pressure, flow and water deliver targétte found that over a 1 minute
interval, six pumps changed their output from 3 to 7 percent of their average kW demand. These ramp

rates are equal to or faster than the ramp rate for stean combined cycle gas turbines and



comparable to the average ramp rate of hydro generating plaims.suggest the use of this capability

to provide load based ancillary or renewable integration services be explored further.

1.2 Historyof the Program

The CPQU first adpted a Water Action Plan in 2005 (CPUC 2603)he plan set forth CPUC policy
objectives, established goals for applying regulatory best practices from the energy industry to the
water utilities, and made water conservation a top prioritp. 2007, the CPUC approved opear

research, development and demonstration (RD&Bater conservation programs to be jointly
implemented by electric and water utilities (D. -02-050) These programs were designed to
demonstrate that electric utilities coulcbst-effectively reducdl KS O2y adzYLJiAz2y 2F aGaSYo
in the provision of water servicby conserving water, using less eneigiensive water or making

delivery systems more efficieAt.

At the urging of the CPUC commissioners, the CPUC staff dedeénd published approaches for

improving the operational efficiency of pummpotor systems in 2008 (Naidu and Howard 2008).
Approved by the CPUC in 2008 and again in 2010, the OEfifRted a series of RD&D projects to

determine the level ofoperational efficiency and energy savingghat can be achieved by these

approachesThe OEERD&D projects included in this EM & V report encompass 22 punipssiesin

six water utilities with funding to $3.4 million

¢KS h99ot aSS1a O®wakel INFAI OMKY OadoRNE ¢ irPddpsiea i Sy
(Figure1). We measure efficiency by power outppgr unit of power used (i.e., kW output/kWput).2
In contrastmost (but not all) of theembedded Energy in W Pilot Programg&mphasize reducinthe

GSYOSRRSRé¢ (2K dzal 3S LISNJ YAftA2y 3IlLtft2ya 2F g+ (SN

! The plan was updated in October 2010, see

http://www.cpuc.ca.gov/PUC/hottopics/3Water/051109 wateractionplan.htm

* See CPUC Decisions 08-11-057 and 09-07-052

® While pump output is often defined in terms of torque (joules/radian), we keep output in terms of power
with units of watts (joules/second) for purposes of direct comparison to electrical power in.



http://www.cpuc.ca.gov/PUC/hottopics/3Water/051109_wateractionplan.htm
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The OEEP installs a VFD and aviAtiCan efficiency optimization algithm to continuously vary the

speed of the motor and pump. Additional equipment necessary to measure the pump efficiency is also
installed. This includes a water level sensor, a power quality meter, a digital pressure transducer and a
digital flow meter (nhost sites had analog equipment insufficient to the task of monitoring and recording
STFAOASYO_BUO® ¢KS Y2yAG2NRAYy3I SldaAaLIlYSYyld Aa 02yySOdS

requires additional wiring, communications equipment and programming.

The OEEMas designed to operate ifour stages The first stage entailthe installation of the OEEP
equipment described abov@.he monitoring equipment records, at resolutions as high assaowend,

real (kW) and apparenk{A) input of the pumpnotor combination It also records the pump's water
flow and pressure differential (total head), which translates into kW outpMé use the archiveldw

input data and the kW output datso calculatethe reattime kW losseshat reflect the wire-to-water
efficiency. The kVA input and kW input data is used to determine power factor improvements. The
measured reduction in kW losses and improvement in pump operation efficiareythen used to
estimate theenergy kWh) savings When valued at their estimated avoidedsts, the hourly energy

(kwWh) and demand (kW) reductions provithe basis for computing theenefits of the OEEP.



In the second stage, the pumpotor systems are operated with thgFDunder thet [ /eQeigy

efficiency optimization algorithmThe algoribm continuously seeks to minimize the kW loss and

improve the wireto-water efficiencyby operating the pump at its optimum efficiency point for the

given operating conditions, with the overall constraintroéeting the system requirements of water
demandandor pressure. The OEEP equipment also includes the ability to record and store historical
RFEGIE F2NJ YSFadaNBYSyid FyR GSNAFTAOFGA2YY SAGKSNI 2
existing SCADA system.

The third stage replaces, if necesgahe existing pump and/or motor with optimally sized pump and/or
motor to match field conditionsThe OEEP monitoring equipment provides long term historical trend
data for evaluating whether thepump-motor system isproperly matched fordynamic system
operations Unlike annual or periodic pump efficiency tests, the OEEP historical data can help select

pumps that better meet changing system requirements.

In the fourth and final stage, the new pump and motor are then operated witiViRBand optimization

algorithm

It proved more difficult than anticipated to purchase and schedule the installation of replacement
pumps for the OEEP sites. Only one pump, Alisal, was replaced during the period of analysis. In this
report, we therefore present the results cqraring the operation of the pump and motor system with

the OEEP off (Stage 1) and OEEP On (Stage 2).

As it became clear that several of the pumps were not benefiting from the full OEEP, a water
engineering firm, Black & Veatch, was brought in to the proje February 2011 to evaluate whether

the OEEP equipment was installed and functioning as intended. Black & Veatch worked with the
participating water utilities between February and Junfe2011 to align the facilities with the OEEP
program guidelines tothe extent practical, and to perform the necessary recalibration and

programming.



1.3 Measurement Goals

We usesixmetrics to evaluate the overall performance of the OEEP:

1. Wire-to-water efficiency measured as the ratio of the useful work output (in kWej the real
kW power input (kWoutput/kW input).

2. Power Factor: measured as the ratio of the real kW power inputpparentkVA power input
(KW input/kVA input).

3. Embedded energy: measured as the ratio of the kWh energy input per million gallons (MG) of

water delivered (kWh input/MG output)

4. Energy (kWh¥avings measured by the ratio of change in annual energy consumption over pre
OEEP annual energy consumptikrk{Vh/kwWh).

5. Demand(kW)reduction measured as the ratio of the change in pgadwer demand over pre
OEEP peak power demaridkW/kW).

6. Cost-effectiveress: measured by the ratio of the value of the energy and demand savings over
the OEEP installation doqdollar benefits/dollar costs, also the Total Resource <Cost

effectiveness Test or TRC ratio)

The first three are different measures of efficiency based on the measurement data discussed below.
The last three extrapolate the efficiency measments to esimate the energy, deman@nd dollar

savings that would occur over the useful life of the installed equipment.

Quantifying the OEEP's effecbmpared to the preDEEP baselineequires data collected under two
scenarios: one witlthe VFD disconnected aride OEEP off (pr©EEP baseline@nd one with theVFD
and optimization algorithm on(OEEP)Thus, ovetthe period of analysis, thgoal was to operate the
pumpwith the OEEP on seven days a week\aitd the OEEP ofévery eighth day, so as not lave the

OEEPon dayalwayson the same day of the week



In the OEERff mode, the pump and motor ran at full speeat the electric utility sysm frequency
(normally 60 Hz), bypassing the VFDs entifEiye pumps were operated at full speed in anaihmode
in response to system level and or pressseg points Data thus collectederved toestablish a baseline
wire-to-water efficiency and energy use for the existing pump and motor system, withoW Bizand

optimization algorithm.

In the remaining days, the pup ran with the optimization algorithm on to control théFD.Data
collected during these days establish the wioewater efficiency and energy use for the existing pump

and motor system under active use of ti&Dand optimization algorithm

Since the W output profiles may differ across algorithoff and on days, we use a regression analysis to
estimate efficiencychangedue to the active use of th&#FDand algorithm, after adjusting for the daily

variations in output kW

1.4 Sites Evaluated

The OEEP ultiately included 22 pump and motor systems at 17 sites operated by six w@tgpanies

(Tablel). Tenda A 1S4 I NB f20FG8R Ay tDs90Qa ASNBAOS (SNNAGG2I

vertical urbine wdl pumps and centrifugal booster pumps.



Tablel: OEEP Pump Sites

10U Pump Type Size From To
Alco Water Services Company

INPG&E Alisal (1) Well 300 HP Well Distribution
PAPG&E County Well 300 HP Well Distribution
RIPG&E Hemingway Booster 30 HP Reservoir  Distribution
California American Water Company
ZAIPG&E Cypress Well 300 HP Well Transmission/Tank
BJPG&E Rancho Canada Well 450 HP Well Transmission/Tank
(JPG&E Segunda Booster 200 HP Tank Tank
I SCE  Mesa(1&2) Booster  50/50 HP Reservoir  Transmission
CHENSCE Scott(1,2&3) Booster  50/50/100 HP Tank Reservoir
Californa Water Services Company
IPAPG&E Chico Well 75 HP Well Distribution
IR PG&E Bakersfield Booster 125 HP Distribution Distribution
IZASCE  \Visalia Well 100 HP Well Distribution
East Pasadena Water Company
UYSCE  Duarte #9 Well 250 HP Well Reservoir
GISCE  Duarte #4 Booster 40 HP Reservoir  Reservoir
IN4SCE  Duarte #5 Booster 50 HP Reservoir  Reservoir
Golden State Water Company
B PG&E Pacifica Booster 75 HP Distribution Distribution
EISCE  Jeffries Well 200 HP Well Distribution
PIOJSCE  Mojave Booster 25 HP Distribution Distribution
Hill Street Booster  Shut Down. Replaced with Pacifica
San Jose Water Company
VARPG&E Grant Well 200 HP Well Reservoir
YZAPG&E Bascom Booster 100 HP Reservoir  Reservoir
Seventeenth Street Booster Replaced with Bascom

Del Oro Water Company
SCE _ Pines District
(1) Not included in CPUC Decision.

Booster  Withdrawn

1.41 SITES FOR WHICH RHSUARE NOT SHOWN

Several pumps are not included in théport. Hemingway is excluded due #&ovoltage unbalance on the

PG&E system that prevnS R LINP LISNJ 2 LISN} GA 2y 2F (GKS STFFAOASYO
/] @LINHza ¢Sttt FYyR 9Fad tlalRSyYylIQa 5dz NIS o622aidSN L
dLISSRa G2 RNIg adlaAradAaortte YSI yhicyahd \dshlia idnbtdz (4 @
record any periods in OEEP off mode. With these pumps excluded, we were able to analyze data for 1

pumps at 13 sites.



1.4.2 DESCRIPTION OF PUBIPES

The sites included in the OEEP varied considerably in their design, installatiooparational
requirements. This was due in part to the flexibility given to the utilities in the type of equipment that
could be installed to meet the overall intent of the OEEP objectiVés. installation of the OEEP
equipment and operation of the pumpdsa varied considerably with the expertise and availability of
utility personnel, the expertise of the original control/VFD equipment suppliers and PLC/SCADA
programmers, site accessibility, existing equipment, and operational requirements. As prelicidtary

was collected and evaluated, it was recognized that additional data was required to be collected. It
proved to be a challenge to some of the utility participants to modify OEEP facilities that had already
been put into operation under the original coepts. This posed challenges in collecting comparable
data across all the sites. Appendix A contains a detailed table describing each of the OEEP sites. The key
deviations from the full OEEP installation and operation observed at most of the pumjistedein

Table2 anddescribed below.

Abypass contactoprovided for the complete bypass of the VFD in the OEEP off modenstakations
did not include a bypass contactdwithout a bypass contactor, th¥FDremains energizedwith

associatecefficiency losses of-2%, but is at operated at a constant speed

By coincidence only, the same five pumps that do not have a bypass contactor were also observed to have
potential interactions with other pumpsAt these fie sites it is not possible to determine whether or to
what extent efficiency gains at one pump are offset by reduced efficiency at other potentially affected

pumps.

At three sitesthe efficiency algorithm did not control operationThe operation of theVFD was, due to
operational requirements, de facto controlled by pressure, level or flow rather than effici&scsuch,

the efficiency algorithm could not vary pump speed and achieve OEEP goals.

Several installations useatessure reducing valves to contrdlow. With the OEEP off, the valves are
constantly opening or constricting to vary pressure; this is an inefficient way to control flow, in terms of

energy demand. With the OEEP on, the VFD assumes the role of maintaining pressure, while the valve



remairs fully open. This greatly increases the efficiency of the system, as pressure is controlled by

reducing energy input rather than increasing the output pressure.

Pump input and output requirements were nearly constant at some installations, greatly ngdine
opportunity of the OEEP to achieve energy saviRgs example, pumps to maintain pressure between

zones in the system, and booster pumps, have limited flexibility to change speed based on efficiency.

Due to the difficulties described abowsge were not able to record a full year of usable data for each
pump site The OEEP was turned off for a month or more at a time at some sites, and not turned off for
several months at others. Without both OEEP on and OEEP off operations recorded in the same mont
it was not possible to perform an accurate comparison. At other sites, Black and Veatch found that
recalibration of instrumentation or reprogramming of the PLC was nee8ligel visits occurred in March,

April and June of 201Even so, data or operatiahissues persisted so thatly July and August data

was then available fomany pumpsAt a few sites, communications or SCADA issues prevented remote
recording of data over long periods. Finally, mechanical failures or operating requirements at some

pumps prevented the utilities from operating in OEEP mode for long periods.

Ultimately, aly six pumps have the installation, operation, and monitoring characteristics fully
representative of the OEEFive pumps did not use a bypass contacldrese pumpslso interacted

gAGK 20KSNJ LizyLla y2G Ay h9ots YlaliAy3a G§KS hoot Qa
¢ KNBS LlzYLJA 2LISNI SR dzy RSNJ LINBaaddz2NE O2y (i NRfX NBA
optimize efficiency.Two pumps were mssure controlled by pressure reducing valves, precluding an

estimate of the efftiency impact of the OEEP alone.

Six pumps were excluded from data analysis altogether gither to voltage imbalances, no variation in

operating speed, or no baseline ddta benchmarking their operation under a fixed speed drive

For this report, we group the pumps into three categories for evaluation, showable2. The first five
sites only partially implemented the OEEP, tiext six sites fully implemented the OEEP, and at the last
two sites the OEEP VFDs effectively replaced PRVs for managing prestheadirst group, the results

are confounded due to the lack of a bypass contactor, potential interactatisother punps and, in



the case of Duarte #9, inability to operate in efficiency seeking mbdéA f S (G KS aS0O2y R 3INR
accurately reflect the OEEP, their general applicability may be limited by the small sample #Hize.
lastgroup, we believe the majoritgf the efficiency improvement is due to the VFD taking over pressure

control responsibility in place of the PRV

Table2: OEEP Site Characterization Summary

Pressure Programmed

Bypass  Potential

Ry Contactor Interaction \.N.Im
Valve Efficiency

Water Company

Golden State Pacifica System System

Cal Am Cypress Well
Cal Am SEREY
Cal Am Rancho Canada Well

East Pasadena Duarte 9 Well

Alco Alisal Well System
Cal Am Scott (1, 2 & 3) Yes No Yes -System
San Jose Water Bascom Yes No Yes Well System
Alco County Yes No Yes Well System
Cal Am Angeles Mesa (1 & 2) Yes No Yes

San Jose Water Grant Yes No Yes Well System
Golden State Jefferies Yes No No Well System
Golden State Mojave No Yes No System System

Full OEEP
Implementation

PRV

1.5 Results

1.5.1 PRELIMINARY REPORT

To provide a preview of the evaluation pezdged here, recall the five pumps analyzed in the preliminary
report that demonstratel a wide range of possible outcome®neof the five pumpsshowedpositive

real (kW) wireto-water efficiency improvementsvhile four of the pumps showed power factor
improvements, achieving apparent (kVA) efficiency improvements. One pump, (Hemmingway) was
excluded due to a voltage unbalance problem that prevented proper operation of the efficiency

algorithm.

The preliminary report found that when the pump and motor systevas significantly over or under
sized, required to run at a relatively constant rate, or operated close to its maximum efficiency point

without the VFD, the OEEP efficiency algorithm was not able to achieve efficiency improve@rants.



Street Stationthe site with the best results, was found to have a pumptor system properly sized for

actual operating conditions

1.5.2 MEASURED RESULTS BARY

The results from the current evaluation are similarly diverse tséhin the preliminary reporOf the six

sites that fully implemented the OEEP, four show efficiency reductions and only two sposwément.

This suggests that the efficiency algorithm is unable to sufficiently improve efficiency at most of these
sites to offset the additional losses ob2percent introduced by the addition of the VFD. At Jefferies and
Mojave, two of the sites witlthe greatest impact, much of the efficiency improvement is due to the use

of the VFD, rather than pressure reducing valves to control for pressure.

Table3 summarizeshe change observed at daof the 13 sitesThree pumps are located at the Scott
site and two pumps at théngeles Mesaite for 16 pumps in totalNote that the County pump was
replaced with a less efficient, refurbished pump idgr the study period; we therefore performed

separate analyses for the period before and after the pump was replaced

The first five sites show efficiency reductions or modest improvemdiiite Pacific pump was required

to vary output over a much wider nge than the other pumps to meet pressure targéihiscaused the
efficiency algorithm to vary the pump speed more rapidly as it sought to maximize efficiency, even as
the pump operated well outside its maximum efficiency rangée believe this account®if the large
negative change in efficiency relative to other pumps other sites this problem was mitigated by

dampening efficiency seeking algorithm

Of the six sites that fully implemented the OEEP, four show efficiency reductions and only two show
improvement. This suggests that the efficiency algorithm is unable to sufficiently improve efficiency at
most of these sites to offset the additional losses &f @ercent introduced by the addition of the VFD.
At Jefferies and Mojave, two of the sites witie greatest impact, much of the efficiency improvement

is due to the use of the VFD, rather than pressure reducing valves to control for pressure.



Table3: Relative Percent Improvement of Assessment Metrics

Pa a -17.7% -15.0% -20.5% 23.2% -21.5%
D -2.9% 0.0% 2.2% 1.1% -3.0%
egunda 0.3% -1.0% 0.5% 3.9% 0.3%
Ra o Canada 2.8% -0.2% 10.8% 18.7% 2.7%)
Dua H9 -4.9% 10.5% -0.7% 3.6% -5.2%
Alisa -3.8% -4.8% 13.8% -4.0%
- o 0 -3.8% 10.8% -25.0% -0.8% -3.9%
> Ba -2.9% 5.6% -0.9% 17.7% -3.0%
O ¢ 0 Period -2.7% 3.9% -0.8% 0.7% -2.8%
'. 0 Period -5.5% 3.3% -2.8% 1.9% -5.8%
Angele esa 3.1% 9.0% -7.5% -6.3% 3.0%
a 15.5% 4.5% -2.0% 24.0% 13.4%
z efferie 22.2% -13.5% 40.0% 22.0% 18.1%
O ojave 6.1%

The results for chamgin power factor are somewhat more positive. Six of the 13 sites improved their
power factor by 5 percent or more with a VFD. Four of sites showed an improved power factor and
reduced apparent (kVA) loads even though they had reduced real (kWjoaivater efficiency with the

OEEP on.

The changes in embedded energy (kWh/MG) are similar to those fortevinater efficiency. This
suggests that the OEEP is achieving energy savings predominately througfo-water efficiency

improvements, not by reducinipe overall work output required.

Even with negative or modest positive changes in sorgvater efficiency at most locations, théF>
do reduce peak demand afat on-peak energy consumption at 11 sités fact, peak demand reduction

of 14 percent or rore is achieved at four sites with negative or small positive changes in efficiency.

A summary of the measured changes in efficiency, power factor and embedded energy is shown in

Figure2. Changes in peak load and annual ene@ysamption are shown ifigure3.



Figure2: Relative Percent Change in Measured Results
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Figure3: Relative Percent Change in Peak Load and Annual Energy Consumption
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1.5.3 COST HECTIVENESS RESULTS

Because most of the pumps did not show efficiency or energy savings, we did not deeffexcisteness
analysis of the OEEP as implemented in the RD&D program. Instead, we consider two alternative
approaches that can better capture hotwe OEEP actually occurred in the field. The first approach
considers the demand reduction load shifting, and in some cases energy savings achieved with the
installation of the VFD, not including the costs of the OEEP monitoring equipment. The secarathppr
examines the value that the measurement and evaluation in identifying inefficiently operating pumps

and selecting, designing and implementing their replacements.



1.5.3.1 Energy Savings, Demand Reduction and Load Shifting

A significant portion of the OEEP gguient and installation cost is related to the additional monitoring
and control equipment and associated installation, software and programming costs. Assuming similar
levels of demand reduction and load shifting can be achieved with the installation'®Dabut without

the additional monitoring equipment, the equipment and installation cost could be reduced
significantly. If we considgust the cost of installing th&FD (without the OEEP monitoring equipment)

a costeffective combination of energy simgs, demand reduction and load shifting is achieveéivat
sites(Table4).

Table4: Costeffectiveness without OEEP Monitoring Equipment

NPV

Pump Site VFD Cost :
Savings

Pacifica 75 HP $25,000 -$16,537
Cypress 300 HP $43,208 -$13,082
Segunda 200 HP $27,402 $17,643
Rancho Cafiada  [IINI= $53,829 $197,261 3.6
Duarte #9 250 HP n/a -$16,633 nl/a
Alisal 300 HP $28,472 $70,386 2.4
Scott 50/50/100 Hﬁ $72,553 -$27,307 -0.3
Bascom 100 HP $35,000 $22,758 0.6
County (Period 1) K0 oIn $23,721 -$16,333  -0.6
(O WA (REI e A 300 HP $23,7271 -$17,63( -0.7
IRV W 50/50 HP || $118,218  $37,059
Grant 200 HP $40,00Q $180,64
Jefferies 200 HP $50,000 $178,79
Mojave 25 HP $25,000 $28,58

Full OEEP
Implementation

PRV

1.5.3.2 Measurement and faluation

Monitoring and historical data prkaded by the OEERelped operators identifysix pumps that are
running at low efficiency and candidates for replacemdiére we assumehat the OEEP monitoring

enablesthe design and installation of replacementrpps that achieve 70% efficiency, whichthe



average efficiencyfahe six most efficient pumps in this study. We assume a lower cost monitoring and
evaluation program could be installed at 30 percent or less of the cost of the OEEP installa¢ibb

and pump and motor replacement are foundlbe cost effective for the three large pumps, but not for
the smaller pumpslincluding the replacement costs for all six pumps and monitoring for six additional
sites not found to be good candidates for replacemeht overall program istill costeffective with a

TRC ratio 01.9(Table5).

Table5: Costeffectiveness of Monitoring and Evaluation Program

Annual o Monitorn

kWh Equipmer?t VFD,
Savings
Mojave 249 ' , d $46,858 0.7
Jefferies 44% ,708 d d $127,763 2.1
Bascom , ] / $135,145 0.3
County i $146,82
Alisal

Starting Improve

Pump TRC
and Motor Ratio

Efficiency to

‘ $130,36
Hemmingway , ] 422 $35,986 0.4
Monitoring costs for 6 additional pumps not
needing replacement

Total Program Costs and Benefits $2,043,891.$1,726,782 $277,008 $622,939 1.9

$138,504

1.5.3.3 Power Factor Improvement

With improvements in power factor, all but 2 sites reduced their readtvael KVAD. For those pumps

with improved efficiency, savings from reduced reactive loads and line losses the OEEP on ranged from 5

to 12 percent of the $/kWh energy savinggable6). Equipment to correct power factor is relaly

inexpensive. However, for a variety of reasons, however, such equipment is not routinely installed
unless reactive power problems are severe or cause customer complaints. This suggests that improved

L2 6 SN FFOG2NI FNRY =+ C5 QainadstbiiNdtivgniess amalpsls. § SN 02y a A RSN



Table6: Benefits of Improved Power Factor

Reduced Power Factor
kVAr kVAr kWh Savings as

Power Power
Pump Site Factor Factor

off on Savings $NPV Losses Percent Energy

NPV Savings

Pacifica $2,481
Cypress 1.0 $60 $1,311
Segunda 1.3 $75 $1,779
Rancho Cafada 30.3| $1,764 $16,373 9%
Duarte #9 44.2| $2,568 $17,713
Alisal q  88.3| $5131] $36,637
Scott 46.6| $2,710 $7,868
Bascom 14.0 $817 $8,331
County (Period 1) 16.8 $978 $9,339
County (Period 2) 20.2| $1,175 $6,263
Angeles Mesa 10.9 $636 $484
Grant 34.8( $2,025 $19,21
NS (5.1) ($295 $13,52 7%
Mojave 3.8 $219 $1,52 6%

1.5.4 ANCILLARY SERVICEB RENEWABLE INTEGRN

In varying pump speed to maximize efficiency, the OEEP demonstrates the ability of these pumps to
make rapil changes in kW load while meeting their primary operating criteria. The CAISO procures
ancillary service$o balance system needs, dispatching both generation and load based resources as
frequently as every four seconds. The CAISO has identified increzgpgidements for regulation and

load following integrate increasing penetrations of renewable resources. Regulation dispatches
resources every four seconds to maintain system frequency. Load following is needed to balance

variations in loads and interntént generation within each hour over a 5 to 20 minute time frame.

We found that over a 1 minute interval, six pumps changed their output from 3 to 7 percent of their
average kW deman(Table7).* Aggregating a number of pumps provide regulation or load following
(as opposed to maximizing efficiency) could presumably achieve even higher ramp rates without adverse

impacts water utility operations. These ramp rates are equal to or faster than the ramp rate for steam or

* Pacifica is excluded as the variation in output is governed predominately to meet pressure requirements



combinedcycle gas turbines and comparable to the average ramp rate of hydro generating Plsitis.
the installation of controls that the CASIO can activate, water pumping presents a potentially cost

effective load based resource for providing ancillary senacesrenewable integration.

Table7: Ramp Rate Experienced During OEEP Operation.

Avg. 1 90th
Min. % Percentle 1
Ramp Min. Ramp

Average

Pump Site KW

Pacifica 29

Cypress 161
Segunda 123 0.2 [0.2% 0.2 | 0.1%
Rancho Cafada 0.4 10.2% 0.7 | 0.2%
Duarte #9 173
Alisal

Scott

Bascom

County (Period 1)

County (Period 2)
Angeles Mesa

Full OEEP
Implementation

Grant

NEHEEES

PRV

Mojave

® PNNL 2008, Table 4-1, p. 16



2 Background

Water pumping constitutes a significant portion of electricity use in Califord@ording to the
Embedded Energy in Water Studiesantly completed for the CPUGEI/Navigant 20H) 201(),

water supply and conveyance consume approximately 16,000 GWh each year, equal to 6 percent of

[ I £ AT 2 NY gléctical enkrgyyfatpiirEmentsThe energy use peaks in July and August at 1,600

GWH per month and the vast majority of the energy consumed is used for groundwater pumping and
O2y@SeltyOS @Al (GKS adldSQa YIFI22N) gk G§SNJ I 1jdzSRdzO00 a

Recognizing the potential for energy efficiency in the water supply system, the California Air Resources
Board (! w. 00X fSIR LlzofAO | 3Sy0e F2NJ AYLX SYSyGAaAy3a /| f
proposed significant energy reduction from the water secldrey set a goal of 20% reduction of water

supply system energy use by 2020, identifying more efficimmping as a key strategy towards

achieving this targefCARB 20G8200&).° Reducing energy use in water was also identified as a goal in

GKS /t!/ Qa 2 HGPYCIR010RUItHenyTe, if $utcgssful, the findings for the OEEP can be

applied toother induction motor end uses, including HVAC, fans and industrial processes.

2.1 OEEP Background

In 2007, the CPUC approved eyear pilot water conservation programs to f@ntly implemented by
electric and water utilities (D. 0¥2-050) The pilot progams were designed to demonstrate that
electric utilities could achieve cosffective energy savings through water conservatithus reducing

the consumption of s®© I f £ SR & S Y 06 SRR S.Rhe piktPiBEcE dnitiallyyprogoked ByNde
utilities included several measures focused on water conservation, but did not include programs focused

on increasing the operational efficiency of the water utility systems themselesesponse to a

® CARB Climate Change Scoping Plan Appendices, Volume 1, Appendix C



petition to modify filed by the California Water Association @Whe CPUC initiated, by its own
motion, the OEEP to fill that gap (D.-08057) The CPUC approved $1.4 million for the installation of
monitoring equipment, operational software, variable frequency drives (VSD) and the replacement of
pumps and motorat 13 sites in eight regulated water utilitids 2010, in response to a joint PG&E, SCE
and CWA petition to modify, the CPUC approved modifications to the OEEP, including increasing total
funding to $3.4 million, approving alternative project sites fdotal of 20 pumps at six water utilities,

and funding for evaluation, measurement and verification (EM&V).

In February of 2011Black & Veatch was brought in to the project, to evaluate whether the OEEP
equipment was installed and functioning as intenddglack & Veatch has visited all the OEEP
installations and isow working with the participating water utilities to align the facilities with the OEEP
program guidelines and objectives. Among other objectives, the evaluatiodetéiimine if the control
algorithms are seeking the optimum efficiency poipossible for the equipment and operating
requirementsand wheher the collected datgprovidesan accurate representationf pumping plants
performance In the processBlack & Veatch is also developingdglines and standards that can be

used for water utilities that are considering OEEP implementations

This preliminary report presents the first EM&V results for the OEfpRementedat five sites After
excluding the Hemingway site due to feeder vgi#aimbalance, the resultare based on the data

collected from the remaininépur sitesduring May 201@ November2010

As llustrated inFigure4, the OEEP plays a unique role in energy efficiency programseeveby the
CPUCEnNergy efficiencyprograms are implemented by the investor owned electric utilities, local
governments and thirgbarties They seek, by and large, poovide the same endse(e.g., lighting)with

less electricity Energy efficiency focuseon reducing energy (kWhand demand (kW) of utility

customers and are funded through a public benefits surcharge in electric fdiest. of Embedded
Energy in Water Pilot Progranfecus onconserving energy by reducing water consumption (or losses)

or improving system efficiengwithout changingthe water supplyservice to the end use customérAs

"Three utility programs were in the category of AMaking
CPUC Decision 09-07-052



with energy efficiency, these programs are also funded solely by electric ratepayers through the public
benefits chargeA diverse set of programs, they facuecessarily on a high level measurement of the

energy required to provide a million gallons or an afret of water, orembedded energy (kWh/MG or

kWh/AF) Theseembedded energy in water measurements include all applicable stages water supply
includingwater supply and conveyance, treatment, distribution, wastewater collection and wastewater
treatment. The embedded energy in water varies tremendously among water utilities, driven primarily

by the source, distance and quality of their water supply as agebther factors.

TheOEEPon the other hand, seeks improve the energy efficiency of water pumpifacusing initially

on a specific function ofater utility operations Unlike the Embedded Energy in Water Pilot Programs,
the OEEP targets thimprovement of wireto-water pumpmotor system efficiency (kV@utput/kW
input). The OEEP measures both the flow and the presdifierential (total head)to quantify the useful

output of the pump and motor in terms of k. The useful kW produced by the pummtor is
subtracted from the KW input to determine the kW logdternatively, dividing the kV@utput by kW
input provides the wirgto-water pumpmotor system efficiency Measuring the kWinput and kW
output over time provides similar measures of energysl@nd efficiencyUnlike the two programs

mentioned above, the OEEP is funded by both electric and water utility ratepayers

8¢KS NBO2NRSR a2+t KSFRE RAR y20 AyOfdRS GKS Reyl YAC
underestimata. Velocity head effects are also ignored; however we expect these should be relatively small.



Figure4: lllustrative Energy Efficiency Program Roles
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3 Measurement Goals

3.1 Metrics

We usesixmetricsto evaluate the overall performance of the OEERese metrics are: 1) whte-water
efficiency improvement,2) power factor improvement3) embedded energyreduction 4) energy
savings, Sylemandsavingsand 6) cost effectiveness of the prografiach of hese is discussed in brief

below.

3.1.1 WIRETOWATER EFFICIENCYRGONEMENT

3.1.1.1 Real kW) Wireto-Water Efficiency

Real wireto-water efficiency compares the useful work of the pumptor output, measured in kW, to

the kW input requiredTherefore, the definitiorof real efficiencykWouput / KWinput, USES the real power

in its denominator This measure of efficiency is useful because input energy to the pumps is paid for on
a kW basisHowever, in some cases, a significant part of savings achieved by the ofitimegorithm

are due to an improved power factor, which reduces the apparent (kVA) power requirements, but does

not reduce the real, or KW power requirements (see next section).

3.1.1.2 Regression Analysis of Wieo-Water Efficiency

The wireto-water efficiencyfor the algorithmbeingon and off is measured over different time periods
Due to operation differences in the on and off period® performed regression analysis ¢ontrol for

such differences, which were found to affect the estimates of sorgvater efficiency.



3.1.2 POWER FACTOR IMPRMENT

The apparent power, or kVA, is a measure of the power the utility must produce and deliver to
overcome inductive loadsWhile utility customers are billed for the kW consumed, tpeneration,
transmission and distriltion equipment used to deliver energy to the customer is sizedtarilt based

on the kVA loadsThe relationship between kW and kVA is expressed as a power factor, which is
kW/KVA Inductive loads such as transformers and induction motors decrease thesrpéactor,
requiring the utility to produce more kVA for a given real, or kW Iddu® proper operation of the
pump-motor system with the VSBeducesreactive power losseshus improvingthe power factor,
defined askWinpui/ KVAnu, With the apparent pwer in the denominatarBecause the useful output of

the pumpmotor system is calculated from the total dynamic head and flow rate of the pump, there is
no meaningful way to express a power factor for the useful output of the pump and nibherefore

the power factoris calculated using input valugthe values that the distribution system sees.

3.1.3 EMBEDDED ENER&DUCTION

Embedded energy in water is measutagthe energy required to supply a million gallons of wateato

end user (KkWh/MG)Improvements n the wire-to-water efficiency demonstrate that less energy is
required to do the same amount of warReduced embedded energy in water may also be achieved by
reducing the total work output required to deliver water within the acceptable levels of flod an
pressure Embedded energy in water is most commonly used to express the total energy required per
million gallons for the water system as a whole or in each of five stagygsply, transportation,
treatment, distribution and wastewater disposatere, fowever, our measurements of embedded

energy refer only to the specific pumps in question

Wire-to-water efficiency and embedded energy are related but distinct met@esmsider the analogy of

improving the MPG efficiency of an automolsle a way to visalize the types of efficiencies that can be
gainedhyd &GN} G838 A4 tai@K RESMLAND OESF FIAKORA S/ORY 168 A YLINE &
drive train An alternative approach would be to improve the operation by the driver, minimizing
unnecessary aeteration and brakingln both cases one might conceivably save the same amount of
gasoline in a#our trip from San Francisco to Los Angeleghe first instance, the work performed by

the car would be the same but efficiency improvements reduce ttslyge consumedin the second



instance, the work performed by the car is reduced, even though the duration and distance of the trip is
the same If the appointment in Los Angeles is in 7 hours, there may be further opportunity for
additional energy savirggoy reducing the driving speed and lengthening the duration of the trip, with no
material adverse impact to the drivelf these strategies are implemented simultaneously, it will be

difficult to isolate and quantify the effects of one alternative vershesother.

This is the situation we face with the OEERs conceivable that the OEEP is not only improving-teire
water efficiency, but also reducing the overall work output requirement for the pump and motor
Operating the VSD at a lower speed bueioa longer period might also reduce the embedded energy

required to deliver a gallon of water while maintaining acceptable pressure levels and flow rates

If the OEEP equipment is achieving savings primarily through improvedowadrater efficiency, the
efficiency improvement and the embedded energy reduction will be similar on an absolute percentage
basis If, on the other hand, the OEEP equipment is also reducing the level of work required, the

reductions inembedded energy would exceed thoseasuredor wire-to-water efficiency

3.1.4 ENERGSAVINGS

The wireto-water efficiency measures the instantaneous work input and useful work output of the
pump-motor system We are also interested in how the different wite-water efficiencies with the
optimization dgorithm on and off translate into energy (kWh) savings over tildewever, simply
comparing the algorithm on and off wite-water efficiencies is not sufficient for this purpose; the

pumpoperation over two different periodmay notreflect the same amaont of workperformed

To accurately estimate the energy savinge,a@nstructhourly kW profiles of useful workfor both the
algorithm on and off case§he resulting hourhkW profiles are plugged into the real wite-water
efficiency regression modeb determinethe efficiencyimprovementachieved with theoptimization

algorithm

The wireto-water efficiency and the overall energy efficiency of a pumgtor system are related, but
distinct metrics The amount of work or kW output required to delivergiven volume of water is

determined by hydraulic factors such as well depth or head, system predbunerate and other



factors When the actual operating conditions are consistent with those used in the design oflauiiell
pump-motor system, the regired output is provided at ther2 a & ST T A Odp&afiig pankld ¢ 6 S &
(Figure5). However, in the real world, actual operating conditions can be dynamic and different from

those used in the design of the purmpotor system Themefore, the minimum amount of work, or

embedded energykWh/MG) is not necessarily achieved by operating the pumpmtor system its

maximum wireto-water efficiency Alternatively, apump operating at a higher wir-water efficiency

but lower outputmay require additional hours of operation to deliver a given volume of water so as to

require more energy in tota.

Figure5: lllustrative Pump Efficiency Curve
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3.1.5 DEMAND SAVINGS

We are also interested in the peak demand (kW) savimgsluced with the OEEP equipmemwe
measure the kW savings as the difference between (apdakkW load in each hour with thO@EEP off
and (b) thepeakkW load in each hour with th®EEP onWith the hourly measurements both average

and onpeak demandavings are calculated.

° See Global Energy Partners 2010a and 2010b for further discussion



3.1.6 COST EFFECTIVENESS

The final metric used to evaluate the OEEP is-effsttivenesdased orthe Total Resources Cq3tRC)

Test This test compares the cost of program implementation to the benefits achieved through use of
the optimization algorithm Implementation cost is the sum of OEEP equipment, installation, and other
costs incremental to normal pump operatiofhe benefits are¢he hourly avoided costs times the
energy savings achieved in each hour over the anticipated ugefof the equipment. The avoided cost

benefit categories and cogfffectiveness tests are discussed further in sec8dnl

3.2 DataCollection

3.2.1 PUMP SITES

Figure6 shows the typicahrrangement of an OEEP installation at a vertical well puingtandard pump

and motor system include an electric meter measuring the energy and power consumption of the motor as
well as a pressure transducer and flow meter to measure the discharge peesmsdiflow rate The pump

is controlled either manually or with a programmable logic controller (PLC) to maintain desired operating
conditions The pump may be controlled based on discharge flow, discharge pressure or the level of a
reservoir or storageank In a standard, noiVSD installation, the only control possible is turning the pump

on or off.



Figure6: Vertical Turbine Well Pump
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The OEEmstalls a VSD, a Pldth an efficiency optimization algorithma water level sesor and
monitoring equipment The monitoring equipment records, at resolutions as high assawend,real
(kW) and apparentkl{/A) input of the pumpnotor combination It also records the pump's water flow
and pressure differential (total head), which tsdates into kW outputWe use the archive#W input
data and the kW output datdo calculatethe reattime kW losseghat reflect the wire-to-water
efficiency The kVA input and kW input data is used to determine power factor improvemeéhts
measured redction in kW losses and improvement in pump operation efficieay then used to
estimate thehourly kW andkWh savingsWhen valued at their estimated avoided costs, the hourly

energy (kwh) and demand (kW) reductions prowite basis for computing thbenefits of the OEEP.

3.2.1.1 Vertical Turbine Well Pump Stations
A typical vertical well pump installation is shown abové&igure6: Vertical Turbine Well Pumpine of

the OEERIitesare well pumpsAll nine sites employ a dischargeeck valve to prevent reverse flow when



the pump shuts downThe pressure and flow measurements are taken after a discharge check valve at
SOSNE &aAiGS SEOSLI 9Fad tlhalRSylQa 5dz NGS 28ttt | d
discharge check valvéne well pump installatioralso includeda hydro pneumatic tanknterconnected

downstream of the discharge check valve. The hydro pneumatic tanksiararily used for surge control

but do provide amall anount of storage that can be used ttampen thevariations in pressure aniow.

Another variation is one that includes a downstream pressure reducing valve (PRV) between the pump
stations discharge and the system header. The original purpose of the PRV valves was to maintain a
predetermined system pisure for constant speed pump applicatiohstwo OEEP installations (Golden
{G1rGS 21 GSNDa WSTFFSNASaE YR az2l @S ariaSav: twzxza ¢
with VFD controls.

3.2.1.2 Booster Facility

The typical booster facility includeme to three pumps that operate in parallel and transfer water from
either a pressure zone or reservoir to a terminal reservoir or another pressure Eigiere7: Centrifugal
Booster Facilityprovides an overview of a typicalrangement. Thirteen of the OEEP installations are

booster pumps.



Figure7: Centrifugal Booster Facility
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3.2.2 DATA COLLECTIOIETHODS

Data wascollectedfrom the PLGat each of the pump locations. The pumps were requested to tufn of
the OEEP optimization algorithm and run the motorbypass mode, every eighth day, so as not to
always be the same day of the wedék OEEP offr bypass modéhe pump and motor are operated at
fixed speed, usuallgt the electric utility system fregency (normally 60 HzEnergy is provided to the
motor through a separate parallel electrical circuit, using an adtos¢ine motorstarter. The VSD is
not poweredup and the PLC and its control algorithm are not acfivais, the pump and motor operate

at full power, as if no VSD or optimization algorithm were present

Collecting data in bypass mode with t@EEP offallows us to establish a baseline wiewater
efficiency and energy use for the existing pump and motor system, without the optimizatorithm
With this baseline we then quantify the wite-water efficiency and energy efficiency improvements
attributable to the monitoring equipment and optimization algorithm installed under the ORBGE
that this evaluatioronly measures the impacif the OEEP optimization algorithon the existing, and if

warranted, replacement pump and motor



Unfortunately, the desired OEEP off operation schedule was not achieved at mostSgitas sites
could not be turned off remotely and visiting the site uégyly in person for this RD&D project was not
feasible for operatorsEven with remote operations, switching modes sometimes proved costly or
operationally challengindn addition, operators at times found it necesséwyoperate in OEEP off mode

to meet pressure and water delivery requirementbhis limited the comparison of OEEP on and off

operations to just one month of data at several sites.

All pumps were requested to provide omeinute values for input and output kilowatts (KW), input
kilovolt-ampees (kVA) and Boolean values for optimization algorithm onkffyre8 and Table8). Data

on voltage, amperage, flow, dynamic suction head (DSH), dynamic discharge head (DDH), and total
dynamic head (TB) were also collected to validate, if necessary the-tiea input and output power

measurements provided by the SCADA system.

Figure8: Alisal Well SiteDisplay
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Table8: OEEP Data Template

Time %f:]/ Freq. :ZZE: 'EST 'T(‘:Ict onem S | Eff.
5/7/2010 10:37 off 60 85| 1628 138.4 73.7 64.7 53.2
5/7/2010 10:38 off 60 85| 1628 138.4 743 64.1 53.7
5/7/2010 10:39 off 60 85| 1628 138.4 735 64.9 53.1
5/7/2010 10:45 on 59 89| 1563 139.1 102.7 36.4 73.9
5/7/2010 10:46 on 57 80| 1477 131.4 95.2 36.2 72.4
5/7/2010 10:47 on 57 80| 1478 1315 93.5 38.0 711

3.2.3 ILLUSTRATIVE DATA

An illustration of the pump operation and data collection with the optimization algorithm on and off is
shown bebw in Figure9 and Figure10. The SCADA system provides a measurement of the useful work
or KW output of the pumpmotor system This is calculated from the flow rate, inligaisper-minute

(GPM) and the total dynamic head (TDH) in feet, which in turn is the sum of the dynamic suction (DSH)
head and the dynamic discharge head (DMWA)h the OEEP offthe pumpmotor system is operating at

its maximum HPAt the maximum HFjoth the total head andflow rate are relatively constant, with a
useful output averagind03 kW. With the optimization algorithm on, the puramotor system operatse

at a lower than maximum HRAs the optimization constantly seeks the maximum efficiency,tota!

head and flow rate vary rapidlyn this example, the useful output with the algorithm on is lower,
averagingr4 kW. Thisillustrative result is not consistent across all pumps evaluated; in some, ¢hses

useful work output with the algorithm on &qgual tothat with the OEEP off



Figure9: Output kW as a Function of Total Dynamic Head and Flow
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An example opower input required with the algorithm on and dffr a different time periods shown
in FigurelO. In this caseaverage useful outpuaverages approximately0 kWboth with and without
the algorithm The power input required with th©EEP ofaiveragedl140 kW, for a real wirgo-water
efficiency of50% With the algorithmon, the input kW requirementlecreasedo an average of 98GW

resulting in ehigherreal wireto-water efficiency oi78%



FigurelO: Input and Output kW
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3.3 Efficiency Calculations
3.3.1 MEASURED WIREDWATER EFFICIENCY

3.3.1.1 Approach

To calclate the real wireto-water efficiency, we divide thEWq,py by the kWi, for each observation
of the pump data, and then average together these values by pump site and algorithm on Bhisff
same process is repeated to find the apparent woevater efficiency, only withkkVA.,: replacing

kWinout @s the base of the percentage

3.3.2 REGRESSION ANALYHIVIRH OGWATER EFFICIENCY

Pump and motor efficiency depends on head and flow, which together determine the useful kW output
produced However the hed and flow regimes during the algorithm on and off measurement periods

differ and the useful work producedaries across period®Ve therefore also use an ordinary least



squares (OLS) regression gstimate efficiencyafter accounting for theoutput kW variations across

periods
Using the Statistical Analysis Systems (SAS) software package, we model
Efficiency =

h 4+ BKWou) +HKWou?) F1jSH + t+ g(PX KWoy) +° (PX KWoy) +5

where h is the intercept,H are binary indicators for each hour of the d&yis a binary indicator for
optimization algorithm on, and is the random error with zero mean andifanvariance The regression
coefficients", 3, 1, . , g, and "™ are shown inTable9. The hourly coefficients;, which are less influential

and whose values are less volatile, are not shown in the table in ordem®erve space

We find the efficiency to be normally distributed and that OLS regression provides a satisfying fit
(average R& 0.8). The use of lognormal regression or an auto regressivedd&®)term does not prove
necessaryThe use of a monthly bary indicator would improve upon the fit of the regression to the
data by capturing seasonal patterridowever, a lack of data for many pump sites during several months
makes comparison across all pumps at the monthly level impossible, and so we renyokeatily

dependence from the regression.

In spite of the seemingly low’Ralues for Cypress, Scott (Pump 2), Bascom, and County (Period 2) in
Table9, the biags between actual and predicted values ftthrese pums are just as god as for the
other pump sites -4.6%and 5.8% error at the T and 99" percentilesin the most extreme cade

Additionally, it is important to note that 95% of all coefficient estimates are significant at the 1% level.

The Scott pump sitewhich contains three pumps, is not aggregated prior to performing the regression
Unlike Angeles Mesa, whose two pumps always run in unison, the Scott pumps have very different
operational patterns and to aggregate them prior to the regression and ndzai@n (described in

Section3.3.4.1) would poorly characterize the pump site.



Table9: kW EfficiencyRegression Results

Pacifica -8.17TE01  9.89E02  -1.55E03 8.04E01 -4.65E02 5.76E04 0.7863
Cypress -1.64E02  1.05E02 -3.62E05 3.54E01 -5.43E03 1.96E05 0.3962
Segunda 1.55E03 8.03E03 -2.81E06  -1.15E01 1.02E02 -8.99E05 0.8135
REU N EGEN -1.50E+00 1.70E02  -3.18E05 1.17E+00  -5.19E03 1.57E07 0.8375
Duarte #9 3.57E02 4.43E03  7.01E06 7.58E03 -2.14E05 1.84E06 0.9577
Alisal -1.47E02  5.27E03  -1.97E06 2.23E01 1.87E03 -2.35E05 0.8330
Scott (Pump 1) -2.14E02  4.04E02 -4.29E04 3.02E01 -3.17E02 6.24E04 0.9785
Scott (Pump 2) 3.35E01 1.17E02  -8.86E05 1.94E+00 -1.77E01 3.93E03 0.6150
Scott (Pump 3) 5.46E02 1.20E02  -1.05E05 4.39E01 -1.50E02 1.44E04 0.9575
Bascom 1.81E02 1.04E02  1.31E04 3.10E01 6.76E03 -4.14E04 0.5858
County (Period 1) gammeloI=ey 5.11E03 -2.36E06 6.84E01 -1.20E02 5.27E05 0.73¢4
(OOIIIVAGGEee AN -4.71E01  2.19E02  -9.69E05 9.32E01 -1.86E02 8.42E05 0.5299
Angeles Mesa -2.51E02 1.29E02  8.09E05 -5.22E02 7.24E03 -1.72E04 0.9774
Grant 1.97E01 3.50E03  8.25E06 -3.50E01 2.33E02 -2.25E04 0.7066
Jefferies -5.92E03 967E03  -2.92E05 5.77E02 4.58E03 -5.02E05 0.9453
Mojave -1.00E04  1.06E01 -2.83E03  -1.64E02 1.69E01 -2.29E02 0.9782

3.3.3 EMBEDDED ENERGY INTWR SAVINGS

To calculate the embedded energy in water savingscavesert the minutekWn,: data to kWh andhe
gallons per minute of flow to total millions of gallowe sum each of these over the entire range of
data separately for algorithm on afdEEP offand then divide the kWh by the millions of gallons to
arrive at kWh/MG.

3.3.4 ENERGSAVINGS

3.3.4.1 Approach

Giventhe method of pump operations chosen for analy$SlMcEP offne day out of a 8-day period), it

was necessary to predict the operations of the pump for days in which the opposite mode of operation
occurred (i.e. to predict how the pump would have operategith the optimization algorithm on for

days in which the optimization algorithm was actually.dff) do this, the assumption was made that the

G2d0Ff RIFIe@Q&a 2dzildzi 12K ¢gtka I dGFNBASG 2F FtdaAR SyS|

whether the optimization algorithm was on or offfhus, the target output kWh for a day in a given



month is the average daily output kWh across all days in the month, regardless of optimization
algorithm operation This fluid energy requirement is a function of thew and total dynamic head of

the system over the course of the day.

After establishing the average daily fluid energy by month for each pump, representative output kWh
shapes for both optimization algorithm on and off are normalized to match this taajaevVOEEP off
profiles are scaled along the time axis to reach the normalized total. ¥Mgorithm on profiles are
scaled along the kW axis to reach the normalized total Kitle details of this normalization process are

described in






Appendix Band Figurell shows the basic method employebh all cases, the
adjustments made to produce consistent kWh output were less than 5% of the

measured output.

Figurell: Normalization of Pump Operations Example
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Having determined the hourly average output kW profile for each pump in each
month, we need the real efficiencies at different levels of pump output to find
the kW input in each hour requiretlVe usedthe regression model described in
the previous section to calculate kW input values from the kW output shapes.
Aggregating the input and output kW measurements over the operating profiles
provides an hourly estimate of energy savings for the pump oparatiith the

algorithm on vs. off.
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4 Pump Data

4.1 Sites Evaluated

The OEEP ultimately included 22 pump and motor systems at 17 sites operated by
six water companiesTéble10). ¢ Sy aAiSa | NB f20ktnBR AY
YR aS@Sy .aAxiasSa

Table10: OEEP Pump Sites

10U Pump Type
Alco Water Services Company
[lPG&E Alisal (1) well

YJPG&E County Well
RIPG&E Hemingway Booster
California American Water Company
APG&E Cypress Well
BJPG&E Rancho Canada Well
JPG&E Segunda Booster
IE&JSCE  Mesa(1&2) Booster
CHENSCE  Scott(1,2&3) Booster
Californa Water Services Company
IPAPG&E Chico Well
IRIPG&E Bakersfield Booster
IZASCE  Visalia Well
East Pasadena Water Company
IYSCE  Duarte #9 Well
ISCE  Duarte #4 Booster
INgSCE  Duarte #5 Booster
Golden State Water Company
B PG&E Pacifica Booster
UISCE  Jeffries Well
PISCE  Mojave Booster
Hill Street Booster
San Jose Water Company
PARPG&E Grant Well
YZAPG&E Bascom Booster
Seventeenth Street Booster
Del Oro Water Company
$&El 2Pines District Booster

Ay {/9Qa

Size From To
300 HP Well Distribution
300 HP Well Distribution
30 HP Reservoir  Distribution
300 HP Well Transmission/Tank
450 HP Well Transmission/Tank
200 HP Tank Tank
50/50 HP Reservoir  Transmission
50/50/100 HP Tank Reservoir
75 HP Well Distribution
125 HP Distribution Distribution
100 HP Well Distribution
250 HP Well Reservoir
40 HP Reservoir  Reservoir
50 HP Reservoir  Reservoir
75 HP Distribution Distribution
200 HP Well Distribution
25 HP Distribution Distribution

Shut Down. Replaced with Pacifica

200 HP Well Reservoir
100 HP Reservoir  Reservoir
Replaced with Bascom

Withdrawn

(1) Not included in CPUC Decision.

t Dg 9



4.2 Site Descriptions

The sites included in the OEEP varied considerably in their design, installation
and operational requirements. This was in part due to the flexibiligt was

given to the utilities in the type of equipment that could be installed to meet the
overall intent of the OEEP objectives. Also, as preliminary data was collected
and evaluated, it was recognized that additional data was required to be
collected. It proved to be a challenge to some of the utility participants to
modify OEEP facilities that had already been put into operation under the
original concepts. This is desirable for performing analysis across a range of
sites, but also poses challengesailecting comparable data across all the sites.
The installation of the OEEP equipment and operation of the pumps also varied
considerably with the expertise and availability of utility personnel, the
expertise of the original control/VFD equipment supmi and PLC/SCADA
programmers, site accessibility, existing equipment, and operational
requirements. Appendix A contains a detailed table describing each of the OEEP
sites The key deviations from the full OEEP installation and operation observed

at most d the pumps are listeth Tablelland describedelow.

4.2.1 BYPASS CONTACTORS

A bypass contactor provided for the complete bypass of the VFD in the OEEP off
mode. Fiveinstallations did not include a bypass contactéfithout a bypass
contactor, theVFDremains energizedwith associatecfficiency losses of-2%,

but is at operated at a constant speeft three pumps, the VFD was operated

at full speed (60 HzHowever, to maintain desired flow rates, the Cypress and

Rancho Cafiad@umps at California American Water were operated at 53 Hz
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and 57 Hz respectivelyWe expect the absolute efficiency improvement with
the OEEP on at these sites would be approximateb#a2higher if a bypass
contactor had been installed. Thimall change in efficiency did not materially

alter the results of the costffectiveness analysis at any of the five sites.

4.2.2 POTENTIAL INTERAGVMITH OTHER PUMPS

By coincidence only, the same five pumps that do not have a bypass contactor
were also obsered to have potential interactions with other pumps. At California
American Water, the Segunda booster pump draws from the Segunda tank, which
in turn is fed by both th&®ancho Cafadand Cypress well pumps. The level of the
Segunda tank affects the opeian of all three pumps. At Golden State Water,
both the Pacifica and Mojave booster pumps have OEEP equipment installed on
only one of two pumps operating in parallel. At these five sites it is not possible to
determine whether or to what extent efficiengains at one pump are offset by

reduced efficiency at other potentially affected pumps.

4.2.3 EFFICIENCY ALGORITHM

At three sites the operation of the/FDwas, due to operational requirements,

de facto controlled by pressure, level or flow rather than efficieriche East
Pasadena Duarte 9 well pump experienced a failure and was off line for an
extended period of time. Since returning to service, the pump has had to
operate at near maximum capacity to meet flow requirements. The Golden
State Water Jefferies andojave pumps were required to operate continuously

to maintain systempressure Under certain operating conditions, there were

times where other pumps could not meet pressure or volume requirements
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while operating in OEEP madés a result the operators ewode or turned off

the algorithm.

4.2.4 PRESSURE REDUCING/ZS

The Golden State Water Jefferies and Mojave booster pumps mentioned above
both discharged to lines with a valve installed to control for pressure. Each
pump serves a pressure zone that does navdnany type of storage. With the
OEEP off, the valves are constantly opening or constricting to vary pressure.
When the pump operating at full speed is providing too much pressure, the
excess pressure must be reduced by increasing the constriction inalve,
dissipating the excess energy. With the OEEP on, the VFD assumes the role of
maintaining pressure, while the valve remains fully open. This greatly increases
the efficiency of the system, as pressure is controlled by reducing energy input
rather than increasing theutput pressure Still, the PLC and VFD may operate
the system atefficiencies far from the best efficiency point available for the
pump. Jefferies and Mojave are two of the four pumps with significant efficiency
improvements. However, weresume the bulk of improvement is due to the
VFD replacing the pressure reducing valves rather than the OEEP efficiency
algorithm This is because the recorded efficiency appeared to be much lower

than the best efficiency point for the installed pump.

4.2.5 PUMP INPUT AND OUTPUT

The range of permissible pump operation is partially a function of where the site
pumps water to and from. The Jefferies and Mojave pumps both pump from a
pressure zone to a pressure zone and are relied upon to maintain pressure. This

severely limits the flexibility of the pump and motor system to change speed
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based on efficiency. Booster pumps that pump to or from a tank or reservoir
and well pumps that discharge to a tank or reservoir presumably have greater
flexibility due to the preence of storage. This is not always true; in some cases

the maximum output of the pump is required to maintain desired storage levels.

Tablell: OEEP Site Characterization Summary

Pressure Bypass | Potential Programmed

Water Company Pump Site

Ry Contactor Interaction \.N>|th
Valve Efficiency

Golden State Pacifica System System

Cal Am Cypress Well
Cal Am Segunda
Cal Am Rancho Canada Well

East Pasadena Duarte 9 Well

Alco Alisal Well System
Cal Am Scott (1, 2 & 3) Yes No Yes -System
San Jose Water Bascom Yes No Yes Well System
Alco County Yes No Yes Well System
Cal Am Angeles Mesa (1 & 2) Yes No Yes

Full OEEP
Implementation

San Jose Water Grant Yes No Yes Well System
Golden State Jefferies Yes No No Well System
Golden State Mojave No Yes No System System

PRV

4.3 Period of Analysis

Due to a variety of difficties, we were not able t@btain a full year of usable
data for each pump site. The OEEP was turned off for a month or more at a time
at some sites, and not turned off for several months at others. Without both
OEEP on and OEEP off operations recordechensame month, it was not
possible to perform an accurate comparison. At other sites, Black and Veatch
found that recalibration of instrumentation or reprogramming of the PLC was
needed. Correction of implementation issues at several sitegs completed
between March and June of 2011However due to some problems

implementing OEEP off operation and recording dataly July and August data
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was then available for analysis fomany faciliies At a few sites,
communications or SCADA issues prevented remeterding of data over long
periods. Finally, mechanical failures or operating requirements at some pumps

prevented the utilities from operating in OEEP mode for long periods.

With several months of data available for the five pumps in the preliminary
analsis, we were able to create 24 hour OEEP on and OEEP off profile for each
month. With the limited dataset, this is not possible for most of the 13 pump
sites in the final analysis. We therefore elected to create a single 24 hour profile
for OEEP on and @GP off to represent pump operations over the entire year
With the limited data, we cannot identifhe peak load oseasonabperational
changedor the pump and motor system$Ve did find, however that recorded

pump operating profiles varied only modisfrom month to month for sites

with longer records. Even with the limited data, we believe the analysis does
support meaningful comparisons of pump operations with and without the

OEEP equipment.
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5 Measured Efficiency
Improvements

This section describethe results of our analysis of the changes in efficiency
metrics resulting from the OEEP applied to 22 pumps at 17 sites. Our ability to
use the full dataset is limited, however, because many of the pump installations
and operation do not represent the fFUOEEPOf the 22 pumps, only 7 (Alisal,
Scott, Basconfngeles MesaCounty, Jefferies, and Grant) have the installation,
operation, and monitoring characteristics that represent the full QE&R
pumps were excluded from data analysis altogether, owmgpither voltage
imbalances, no variation in operating speed, or no data representing operation
as a fixed speed drivE&ive pumps did not use a bypass contactor, which allows
the VFD to deenergize; these same five pumps also interacted with other
pumpsnhot in OEEP, masking the effects. Three pumps operated under pressure
control, minimizing the influence of the VFD. There was also data loss at some
sites from frequent errors in data storage and transf@herefore, in the
following, we first evaluate t performance of the OEEP at the seven sites with
fully compliant data. We then evaluate the full data set, both to gain further
insight into the performance relative to these efficiency metrics, and to help
develop recommendations for future implementatioof the OEEP that avoids

some of the pitfalls evident in these installations.
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Measured Efficiency Improvement: _

5.1 Wire-to-Water Efficiency Results

The measuredvire-to-water efficiency improvements achieved at each of the
13 sites are shown iflabk 12. Three pumps are located at the Scott site and
two pumps at theAngeles Mesaite for 16 pumps in total. The results are listed

inin the three groups describad Sectionl.5.2

The first five sites show efficienp reductions or modest improvement$he
Pacific pump was required to vary output over a much wider range than the
other pumps to meet pressure targetShis caused the efficiency algorithm to
vary the pump speed more rapidly as it sought to maximizeieffcy, even as
the pump operated well outside its maximum efficiency rangke believe this
accounts for the large negative change in efficiency relative to other puitps
other sites this problem was mitigated by dampening efficiency seeking

algorithm

Of the six sites that fully implemented the OEEP, four show efficiency reductions
and only two show improvementhis suggests that the efficiency algorithm is
not able to improve efficiency at most of these sites by enough to offset the
additional lossesf 2-5 percent introduced by the addition of the VFD. At
Jefferies and Mojave, two of the sites with the greatest impact, much of the
efficiency improvement is due to the use of the VFD, rather than pressure

reducing valves to control for pressure.
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Tabk 122 Measured RealVire-to-Water Efficiency Improvement by Pump Site

Absolute
kW Loss

Algorithm  Algorithm
Pump Site Off On

Percentage
Efficiency

Efficiency

Efficiency

Change

Change

Pacifica 70.7% 55.2% -15.6% -22.0%
Cypress 71.0% 69.9% -1.1% -1.5%
Segunda 77.1% 77.1% 0.1% 0.1%
Rancho Cafiada 71.9% 73.2% 1.4% 1.9%
Duarte #9 63.4% 62.6% -0.8% -1.3%
- Alisal 70.0% 67.8% -2.2% -3.1%
a 2 Scott 70.6% 57.6% -13.0% -18.4%
II:IIJJ g Bascom 59.4% 58.3% -1.1% -1.9%
O £ County (Period 1) 53.6% 52.9% -0.7% -1.3%
2 < County (Period 2) 65.2% 63.6% -1.6% -2.4%
£ Angeles Mesa 59.7% 59.5% -0.2% -0.3%
Grant 55.0% 59.5% 4.5% 8.1%
E Jefferies 43.4% 50.4% 6.9% 16.0%
0 Mojave 23.6% 33.0%

With the regression described isection 3.3.2 we recalculate thereal
efficiencies now requiring that the algorithm on and offalues result in the
same pump outputThe results of this operation are displayedTiable13. For
most pumps, e wireto-water efficienges calculated with the regression
analysis are quite similar to ¢hstraight comparison of the algorithm on vs. off
efficiencies shown iffabk 12. The OEEP oféfficiencies for all pumps are quite
similar when using the regression analyJise OEEP on efficiencies witie
regression approach are higher for Scott, Grant and Mojavieen correcting

for different operating characteristics in the algorithm on vs. off ddis,
reduced efficiency is lower for Scott and the improved efficiency is higher for

Grant and Mojave
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Measured Efficiency Improvement: _

Tablel3: Regression Analysis Real Efficiency Improvement by Pump Site

Algorithm  Algorithm  Absolute Percentage
Pump Site Off On kW Loss Efficiency
Efficiency Efficiency Change Change

Pacifica . -12.7% -17.7%
Cypress . -2.1% -2.9%
Segunda 0.3% 0.3%
Rancho Cafiada . 2.0% 2.8%
Duarte #9 . -3.3% -4.9%
Alisal g -2.8% -3.8%
Scott . -2.6% -3.8%
Bascom . -1.8% -2.9%
County (Period 1) : -1.5% -2.7%
County (Period 2) . -3.7% -5.5%
Angeles Mesa 5 1.9% 3.1%
Grant ’ 8.5% 15.5%
Jefferies . 9.7% 22.2%

[
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5.2 Power Factoimprovement

The results for power factor improvement are somewhat more posifiable
14). Sixof the 13 sitesshowed measured improvements fineir power factorof
nearly5 percent or moreFiveof the sites showedh measured improvement in
power factor and reduced apparemower (kVA) loads even though they had
lower real power (kW) wireto-water efficiency with the OEEP om all, 11 of

the 13 sites reduced their reactive (kVAr) loads.

Pagel| 11|



OEEP Preliminary EM&V Report

Table1l4: MeasuredPower Factoimprovement by Pump Site

Full OEEP

=
o
Ik
&
=
()
=
o
L
£

PRV

As with wireto-water efficiency, we recalculate the power factor improvement
requiring that the algorithm on and off values result in the same pump output
Using power factor in place of efficiency as the left hand variable of the
regression equation shown iSection3.1.1.2 we calculate the power fetor
improvements bBown in Table 15. Unlike the changes in efficiencyhet

regression analysis resultsr power factorare nearly identical to the straight

Pump Site

Pacifica

Cypress
Segunda

Rancho Canada
Duarte #9

Alisal

Scott

Bascom

County (Period 1)
County (Period 2)
Angeles Mesa
Grant

Jefferies

Mojave

Algorithm  Algorithm  Absolute Percentage
Off On Change Change

88.3% 75.5% -12.8% -14.5%
88.2% 88.3% 0.1% 0.1%
83.4% 82.4% -1.0% -1.1%
89.0% 88.1% -1.0% -1.1%
81.7% 90.2% 8.6% 10.5%
76.6%

87.1% 97.4% 10.3% 11.9%
83.4% 87.3% 3.9% 4.7%
86.1% 89.6% 3.5% 4.1%
79.8% 82.8% 2.9% 3.7%
91.4%|  98.1%]| 6.7% 7.3%
84.4% 84.8% 0.3% 0.4%
85.5% 74.9% -10.7% -12.5%
88.5% 93.5% 5.0% 5.6%

power factor comparison ifablel4.

Page| 12|



Measured Efficiency Improvement: _

Tablel5: Regression AnalysBower Factolmprovement by Pump Site

PUMD Site Algorithm  Algorithm  Absolute Percentage
P Off On Change Change

Pacifica 89.1% 75.8% -13.3% -15.0%
Cypress 88.3% 88.3% 0.0% 0.0%
Segunda 83.4% 82.6% -0.8% -1.0%
Rancho Canada 89.0% 88.9% -0.2% -0.2%
Duarte #9 81.7% 90.2% 8.6% 10.5%

Alisal 76.9% 89.8%

=

2 ©| Scott 87.9% 97.4% 9.5% 10.8%
W8 Bascom 83.3% 88.0% 4.7% 5.6%
O 2 County (Period 1) 86.4% 89.8% 3.4% 3.9%
2 < County (Period 2) 80.3% 82.9% 2.7% 3.3%
£ Angeles Mesa 89.8% 97.9% 8.1% 9.0%
Grant 94.6% 98.8% 4.2% 4.5%
E Jefferies 87.9% 76.0% -11.8% -13.5%
0. Mojave 87.8% 93.2% 5.3% 6.1%

5.3 Embedded Energy In Water

It is possible that the OEEP is not just changing the-twixgater efficiency of

the pump and motor system, but also reducing the total work etitpequired

to deliver water within acceptable levels of pressure and fl@ensider the

analogy of improving the MPG efficiency of an automolfilee strategy is to

AYLINR @S 10-6KRS&iiag 1 STFAOASYOe o6& AYLINRGAYS

train. An dternative approach would be to improve the operation by the driver,

0 F

minimizing unnecessary acceleration and brakilng both cases one might
conceivably save the same amount of gasoline in-lBo@ trip from San
Francisco to Los Angelds the first instince, the work performed by the car
would be the same but efficiency improvements reduce the gasoline consumed

In the second instance, the work performed by the car is reduced, even though
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the duration and distance of the trip is the sanléthe appointnent in Los
Angeles is in 7 hours, there may be opportunity for additional energy savings by
reducing the average speed drivemith no material adverse impact to the
driver. If thesethree strategies are implemented simultaneously, however, it
may be difficlt to isolate and quantify the effects of one alternative versus the

other.

This is the situation we face with the OEERs conceivablghat the OEEP is not
only improving wireto-water efficiency, but also reducing the overall work
output requirementfor the pump and motorlf this is the case, the reductions
in embedded energy could exceed those achieved through improvedtasire

water efficiency alone

Tablel6 displays the kWh input per million gallons (kiMi&) pumped for each
station with the algorithm on and with the OEEP &ffrsevensites the relative

percentage changes are similar to those for wiewvater efficiency shown in
Tabk 12. This suggests that theéFD andDEERefficiency algorithm is changing

the wire-to-water efficiency, but nothe work performed by the pump.

At Rancho Cafadalefferiesand Mojave the change in embedded energy is
greater than the change in efficiency. Rancho Cafiadat is possible that
interaction with other pumps is reducing the embedded energy of the
immediate site at the expense of increasing energy consumption at other
pumps. At Jefferieand Mojave eliminating the need for the pressure reducing
valve reduces the work required of the pp and therefore reduces the

embedded energyln addition, the work output requirement for Mojave was
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Measured Efficiency Improvement: _

lower during the OEEP off periods, possibly due to interactive effects with other

pumps in the system.

At Scott, Angeles Mesa anGrant, there is a meased improvement in
efficiency, but also a measured increase in embedded engitipythe OEEP on
Recall that these are three sites for which the regression analysis found a
significant difference in the work output for the OEEP on as compared to the
OEEP dfperiods. The regression analysis corrects for different work output
between the two periods and finds higher wite-water efficiencies than the

direct measurements alone would indicate for these pumps

Tablel6: MeasuredEmbedad EnergyChangeby Pump Site

Difference
Algorithm  Algorithm  Absolute Percentage from
Off On Change Change Efficiency
Change

Pump Site

Pacifica
Cypress
Segunda
Rancho Cafada
Duarte #9

Alisal

2 o
& 3
8:
=

County (Period 1)
County (Period 2)
Angeles Mesa
Grant

& Jefferies

0 Mojave

Full OEEP
Implementation
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6 Energy Savingand Load
Shifting

6.1 Operating Profiles

The regression model is applied to the normalized output kW profiles as
described inAppendix B this yields the hourly input kW values for both the
algorithm on and off An example chart of energy use at the Grant sieer
several months is shown ifigure 12. The red and blue lines represent
respectively the optimization algorithm off and on input kW hourly profiles of
each month The blue shadig indicates energy that is spent by the pump with
the optimization algorithm off in excess of operation with the optimization
algorithm on The red shading indicates energy that is spent by the pump with
the optimization algorithm on in excess of operatianith the optimization
algorithm off Thus, the difference between the blue shaded area and the red
shaded area gives the net energy savings of having the optimization algorithm

on.
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