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SUMMARY

This impact evaluation of adjustable speed drives (ASDs) that were

recently installed at Hewlett-Packard Company (HP) was conducted for the

Bonneville Power Administration (Bonneville) as part of an evaluation of its

Energy Savings Plan (E$P) Program. The Program makes acquisition payments to

firms that install energy conservation projects in their industrial processes.

The objective of this impact evaluation was to assess how much electrical

energy is being saved at HP as a result of the E$P and to determine how much

the savings cost Bonneville and the region.

The impact of the project was evaluated with a combination of engineering

analysis, financial analysis, interviews, and submittal reviews (HP's Proposal

and Completion Report). The project consisted of installing 24 ASDs on 24

variable air volume system supply- and return-fans at HP's Vancouver,

Washington manufacturing facility. A secondary benefit to adding the ASDs was

the ability to program in a night-setback feature. This feature was always

present in the existing central computer system but was not used because of

t_e lack of ASDs.

Based on this impact evaluation, energy savings from this project are

expected to be 2,582,900 kilowatt-hours/year (kWh/yr), or 0.30 average

megawatts. The project cost $252,068 to install, and HP received payment of

$201,654 (1992 dollars} from Bonneville for the acquisition of energy savings.

The real levelized cost of these energy savings to Bonneville is 7.0 mills/kWh

(in 1992 dollars) over the project's assumed 15-year life, and the real lev-

elized cost to the region is 10.8 mills/kWh in 1992 dollars, not including

transmission and distribution effects. This project would not have been

implemented without the acquisition payment from Bonneville.
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IMPACT EVALUATIONOF ADJUSTABLESPEED
DRIVES INSTALLEDAT HEWLETT-PACKARDCOMPANY

UNDER THE ENERGYSAVINGSPLAN

I.0 INTRODUCTION

This report describesPacificNorthwestLaboratory's(PNL's)(a)evalua-

tion of the impactof an energy conservationproject installedin February

1992 at Hewlett-PackardCompany (HP) in Vancouver,Washington. The projectat

HP is one in a continuingseries of industrialenergy conservationprojectsto

have its impactevaluatedby PNL. All of the projectshave receivedor will

receiveacquisitionpaymentsfrom the BonnevillePower Administration

(Bonneville)under the Energy SavingsPlan (ESP) Program.

The ESP is being offeredto reduce electricalenergy consumptionin the

industrialsectorof Bonneville'sserviceterritory. For the HP project,the

acquisitionpaymentofferedunder the programwas equal to the lesser of

10C/kilowatt-hour(kWh) saved in the first year or 80% of eligible project

costs.

The generalobjectiveof the impactevaluationwas to determinehow much

electricalenergy is saved by the projectand at what cost to Bonnevilleand

to the region. In supportof this general objective,answerswere sought to

the followingquestions:

!. How much electricalenergy is saved annuallyby the energy conserva-
tion project in terms of kilowatt-hours,kilowatt-hoursper unit of
plant output (unit savings),and averagemegawatts (aMW)? Also,
did any fuel switchingresult from implementingthis project?

2. If the projectimprovedthe productivityof the process,did the
firm then increaseoutput of the processto take advantageof the
productivityimprovement? Did the change in output result in a net
increaseor decrease in energy used by the process? Did the change
in output cause changes in output at the firm's other plants in the
region?

(a) PacificNorthwestLaboratoryis operatedfor the U.S. Departmentof
Energy by BattelleMemorial Instituteunder ContractDE-ACO6-76RLO1830.
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3. What was the net impactto the servingutility in terms of elec-
trical energy consumption(in kWh) from implementingthe project?

4. What are the real levelizedcosts of the projectfrom the perspec-
tives of Bonnevilleand the region?

5. How much of the project'simpactcan be attributedto the E$P?

" 1.1 APPROACH_FORIMPACTEVALUATION

Before selectingindividualenergyconservationprojectsfor impacti

evaluation,PNL developeda general impactevaluationmethodology(Spanneret

al. 1988). The major findingof the methodologydevelopmentwas that in the

i industrialsector,energy conservationprojectsmust be evaluatedon a case-

by-casebasis. Accordingly,the generalmethodologyconsistsof a varietyof

impactevaluationtechniquesthat can be appliedto individualprojects

accordingto the specificcircumstances.

To evaluatethe impact of installingadjustablespeed drives (ASDs)at

HP, four techniqueswere selectedfrom the generalmethodology: engineering

analysis,financialanalysis (saeAppendixA), site visit and interview,and

reviewof HP's submittals. Submeteringof buildingenergy use was performed

by HP before and after project installationin accordancewith E$P program

requirements. PNL relied on the resultsof this metering to determinethe

project'simpact.

Representativesfrom PNL visitedHP on February8, 1993, to view the

projectfirsthandand to interviewthe projectmanager.

1.2 PROJECTDESCRIPTION

HP's Vancouver,Washingtonlocationhas two buildings(a third is under

construction)separatelyhousingmanufacturingand engineeringsupportser-

vices for their Desk-Jet® printersand facsimileproductlines. Building#I

housesthe engineeringsupportservicesand functionsas an office building

• with typicalhours of operationfrom 6:30 a.m. to 6'30 p.m., 5 days per week,

52 weeks per year. Building#2 is the manufacturingfacilitywhich operates

. 24 hours per day, 365 days per year. This buildingalso containsthe cafe-

teria,which forms a breezewayconnectingthe two buildings. The two
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buildings are served by 24 supply- and return-fans which provide proper venti-

lation and cooling. Both buildings operate in a similar seasonal mode; during

the four to five months between mid-October through mid-March, the buildings

operate in an "economizer" mode where the system uses outsi_e air for cooling.

The buildings typically require cooling from chillers during the remaining

months. Whenrequired, the buildings are heated by natural gas boiler-heated

hot-water perimeter units which were not affected by this project.

The conservation project at HP installed 24 ASDs on 24 variable air

volume supply- and return-fans. The ASDs replaced existing inlet-vane control

systems on the fans. In addition to the ASDs, a direct digital control (DDC)

system was extended for use in Building #I. The DDCsystem was necessary for

proper ASDcontrol. Prior to this project, only Building #2 was controlled by

a DDCsystem. The project also included installing current sensors to measure

fan power consumption to determine the amount of energy saved.

The energy savings in this project result from using the ASDs to control

fan speed. Without the ASDs, the fans run at full speed and unnecessarily

consume electricity (fan power consumption varies with the cube of the speed).

With the ASDs, the fan speed is matched to the required airflow, as determined

by the duct static pressure set-point, and consumes only the required electri-

city to meet the load. There are two additional benefits to installing the

ASDs and DDCsystem. First, the system is now capable of night and weekend

temperature setback. Second, with this system, the power factor was increased

by over 8%, from approximately 0.86 to 0.93.

HP submitted two documents to Bonneville: a Proposal and a Completion

Report. The Proposal described the energy conservation project and presented

HP's cost and benefit expectations. A Completion Report was submitted to

Bonneville after the project was installed and HP had verified the resulting

energy savings. This document listed the actual costs of the project along

with a calculation of the energy savings that had been achieved. A copy of

the cover sheet from the Proposal is included as Appendix B.

The total cost to HP for this project was $252,068, and Bonneville paid

$201,654 for the energy saved. The acquisition payment was calculated by

multiplying the actual project cost by 80%.
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I. 3 SUM____M__L__OEPROJECTIMP_ACTS

This E$P project is expected to save 2,582,900 kWhannually, or

0.30 aMW. Over the assumed 15-year life of this project, levelized costs to

Bonneville is 7.0 mills/kWh (I mill : 1/1000 of a dollar), and cost to the

region is 10.8 mills/kWh. These costs are in real 1992 dollars and do not

include additional savings that accrue if transmission and distribution losses

are considered. The levelized cost to Bonneville including transmission and

distribution losses is 6.5 mills/kWh, and the cost to the region is

10.1 mills/kWh.

Without the acquisition payment from Bonneville, this project did not

meet HP's funding criteria; however, it did meet the criteria with the acqui-

sition payment. Therefore, we conclude that it would not have been installed

in the absence of the E$P.
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2.0 IM_P_CT_VALUATION

The followingsectionaddressesthe ,_ivemajor objectivesof the impact

evaluationas stated in the introduction.

2.1 _NERG_SAYINGS AND FUELSWIT_
J

I, How much electricalenergy is saved annuallyby the project in terms of
kilowatt-hours,kilowatt-hoursper unit of plant output,and average
megawatts? Also, did any fuel switchingresult from implementingthis
project?

EnerqySavi_gs

To verifyenergy savingsfor this project,20-minutepower consumption

readingswere taken and storedby the currentsensorsand the DDC control

system. These readingswere taken for a one-weekperiod before and a one-week

period after the project installation. For similarsystem operationbefore

and after, the differencein these readingsrepresentsthe savingsover a one

week period. However,when the actual readingswere taken (before-week:

January 21-27, 1992; after-week:March 21-27, 1992) similarconditionsdid not

exist. In the before-weekscenariothe systemwas operatingin the

economizer-mode;in the after-weekthe systemwas operatingin the chiller-

mode. The differenceis in the supply-airtemperaturewhich directlyaffects

the amount of airflowrequiredand, thereforetilepower consumption. The

before-week(economizer-mode)has a warmer supply-airtemperature(60oF)and

thereforetypicallyhas a higher airflowrate. The after-week(chiller-mode)

has a cooler supply-airtemperature(55°F)and thereforetypicallya lower

airflowrate. This differencein flow rate betweenthe two weeks would skew

the results in favor of greaterenergy savings. To correct for this differ-

ence, a ratio of the inside-airtemperatureto the two supply-airtemperatures

(economizersupply-airtemperatureand chiller-modesupply-airtemperature)

was appliedto the larger flow rate. This ratio reducedthe before-weekflow

measurementby 25% and now allows the before-weekand the after-weekflow

measurementsto be compared. The correctedbefore-weekflow measurementwas

then used with a characteristicperformancecurve for ASDs to arrive at a

correctedbefore-weekpower consumptionreading. Taking the differencein the
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correctedbefore-weekand the meteredafter-weekpower consumptionvalues now

representsthe savingsover a one-weekperiod. These savingswere then

extrapolatedover the entireyear to arrive at a yearly savingsof 2,582,g00

kWh (0.30 aMW). While the methodologiesused in the correctionand extrap-

olationcalculationsare correct,a more accurateanalysiswould involvepower

consumptionmetering at differenttimes of the year to reflectthe variable

• nature of heating,ventilation,and air conditioning(HVAC)system operation.

The yearly savingsfigureof 2,582,900kWh representsa 30% increase

over expectedenergy savingsas calculatedin the ProjectProposal. Approxi-

mately half of this increasecan be attributedto the night- and weekend-

setbackfeatureof the DDC system. The remainingportionis attributedto

variance in system performanceas predictedin the Proposalversus that

calculatedin the CompletionReport.

F_uel.......Switcbinq

Becausethis projectconsistedof installingASDs on electricmotors,

fuel switchingwas not an option. Therefore,no fuel switchingoccurred.

2.2 IMPACTSTOTHE_

2. If the project improvedthe productivityof the process,did the
firm then increaseoutputof the process to take advantageof the
productivityimprovement? Did the change in output result in a net
increaseor decrease in energy used by the process? Did the change
in output cause changes in output at the firm's other plants in the
region?

Becausethis projectaffectedonly the HVAC system,no measurablepro-

ductivityimprovementswere noted. HP has no other plants in the region that

performthis type of manufacturing,so no impactswill occur at other plants.

2.3 IMPACTS_._TOTHEUTILIIY

3. What is the net impact to the servingutility in terms of elec-
tricalenergy consumption(in kilowatt-hours)from implementingthe

" project?

Becausethe projecthad no cogenerationor other complicatingfactors,

all of the energy savingsfrom this projectwill be reflectedin reducedload
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at the utility,Clark County PublicUtilityDistrict. The net impact to the

servingutilityfrom this project is a 2,582,900kWh/yr reductionin

electricalload.

2.4 __:LEVELIZED_£OST_S

4. What are the levelizedcosts of the projectfrom the perspectives
of Bonnevilleand the region?

Levelizedannual costs are used to comparethe attractivenessof various

projectsor investmentalternatives. The levelizedcost is the annual cost

that would be incurredover the life of the project, accountingfor the time

value of money. (See AppendixA for completedefinitionsand formula.)

Levelized costs providea single figureof merit for comparingenergy conser-

vation alternatives. In addition,ievelizedcosts can be used to comparecon-

servationprojectswith optionsfor new generatingcapacityand to optimize

the rankingof these options. Levelizedcosts are calculatedfrom the

perspectivesof Bonnevilleand the region (Bonnevilleand HP combined).

In the industrialsector,it is not possibleto accuratelypredictthe

life of a projectbecauseany number of external factorscould cause the pro-

ject to have longeror shorterlife than expectedwhen it is installed. To

allow comparisonsof levelizedcosts among projects installedunder the E$P,

all projectsare assumedby PNL to have a life of 15 years for evaluation

purposes. Even though some projectswill have longer or shorterlives,

15 years is considereda conservativebut likely life for typicalprojects in

the industrialsector.

2.4.I _!lle Pers_ct'v].v._

To determinethe levelizedcosts to Bonnevilleand to the region,we

must know the projectcosts (acquisitionpayment,capital costs,etc.) and the

energy savi.ngs,and must assumea discount rate and project life. With energy

savingsof 2,582,900kWh/yr,the project'slevelizedcost from Bonneville's

perspectiveis 7.0 mills/kWhin 1992 dollars (seeAppendix A). Bonneville's
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levelizedcost decreasesto 6.5 mills/kWhwhen transmissionand distribution

losses are considered. Includingthese lossesallows a comparisonof conser-

vation resourceswith generationthat is measuredat the point of production

ratherthan at the site of the end user (pointof delivery). Levelizedcost

under alternativefinancialassumptionsare presentedin AppendixA.

The levelizedcosts calculatedin this impactevaluationincludethe
o

acquisitionpaymentby Bonnevilleas well as the estimatedadministrativeand

evaluationcosts associatedwith this project.
o

2.4.2 _i Perspective

To calculatethe levelizedcost to the region,the costs to Bonneville

and HP are combined. The acquisitionpaymentby Bonnevilleis includedas a

cost to Bonnevilleand as a reductionin cost to HP. This approach is taken

becausethe acquisitionpaymenthas federalincometax consequencesto the

companyand, therefore,is not a net zero cost to the region.

The calculated,real levelized costs to the region for acquiringannual

energysavingsof 2,582,900kwh is 10.8 mills/kWhsaved. Includingtransmis-

sion and distributionlosses,the levelizedcost decreasesto 10.1mills/kWh

saved.

2.5 IMPACTATT_R_BUTABLETO ESP

5. How much of the project's impactcan be attributedto the E$P?

HP uses life-cyclecost (LCC) analysisto select plant improvements.

The detailsof HP's LCC analysiswere not available. Withoutthe Bonneville

incentive,the resultsof HP's LCC analysisdid not meet its fundingcriteria;

with the incentivethe resultsdid meet its criteria. Consideringthese

facts,we concludethat this projectwould not have been implementedwithout

the acquisitionpaymentand that all of the project'simpact can be attributed

to the E$P.

• To place this projectin contextwith other E$P projects,PNL calculated

simplepaybackwith and without the Bonnevilleincentive. When this project

. was proposedto Bonneville,it was expectedto cost $339,240 and result in
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,,/ electricalcost savingsof $33,810/yr(1,988,900kWh/yrX $O.Ol7/kWh:

$33,810/yr)for a simple paybackof about 10 years based solely on energy

savings. With the Bonnevilleincentivepaymentof $201,654,the paybackwas

reducedto 4.1 years.
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APPENDIXA

FINANCIALEVALUATIONDETAILS

A.I DEFINITIONS
O

Real LevelizedCost - A singlefigure of merit that expressesthe cost

per unit of benefit (in this case, energy savings)accountingfor the time
p

v,_ue of money. This annualized cost (not the "adjustedsystem real levelized

cost")would be constantover the entire projectlife. An infinitenumber of

cash flow scenarios(costsincurredat differenttimes in the projectlife)

could result in the same annualizedcost.

Real LevelizedCost to BonnevillePower Administration(Bonneville)-

The annualizedcosts to Bonneville,direct and indirect,per unit of energy

. saved by the energyconservationproject. Costs includedare the acquisition

paymentand the programadministrativecosts, as well as the costs to evaluate

the impactof this project.

Real LevelizedCost to the Region - The sum of annualizedcosts to

Bonneville,Clark County PublicUtility District,and Hewlett-PackardCompany

(HP) per unit of energy saved by the energy conservationproject. This would

includethe same costs to Bonnevilleas above, plus the initialcapitaland

ongoing incrementalproductioncosts to the firm. Any non-electricalsavings

that result from the projectare not consideredin this analysis.

A.2 LEVEL!ZEDCOST FORMULA

LC : {[PVCl+ PVICI + (PVOM + PVOTE) • (1-itf)- PVD • itf]

/(1-itf)). (CRF/AES)

where LC : levelizedcost (real $)

, PVCI : presentvalue of initialcapitalcosts

PVICI = presentvalue of interimcapitalcosts

, PVOM : presentvalue of operatingand maintenance(O&M) costs

PVOTE : presentvalue of one-timeexpenses
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itf - combinedstate and federal incometax fraction

PVD- presentvalue of depreciation

CRF _ capitalrecoveryfactor (spreadsthe costs over the project
life in real dollar terms)

AES : annualenergy savings(kWh/yr).

A.3 GENERALASSUMPTIONS

The followinggeneral assumptionswere made in the levelized cost
t

calculations:

I. All cash flows are expressedin nominalterms (with inflation)and are
discountedto presentvalue at a nominaldiscountrate of 8,15% (com-
bines a real discount rate of 3.0% and an inflationrate of 5.0%). See
SectionA.7 for levelizedcost calculatedunder alternativediscounting
assumptions. The costs are annualizedover the life of the project
using the capital recoveryfactor at a real discount rate of 3.0%,
resultingin a real ievelizedcost.

2. Annual energy savings (kilowatt-hours/yr)are constantover the 15-year
life of the project. This assumesno loss in efficiencyof the equip-
ment with time.

3. Transmissionand distributionlossesequal 7.5%, increasingthe energy
savingsat the source (pointof generation)by a corresponding7.5%.

4. In the regionalcost calculation,the acquisitionpayment from
Bonnevilleis treated as a cost to Bonnevilleand, at tl}esame time, a
cash inflowto HP rather than a net zero cost. This is done becauseHP
will incur a tax liabilityfrom the acquisitionpayment,thus a net cost
to the region.

A.4 BONNEVILLELEVELIZEDCOST CALCULATIONS

Input: one-timeexpenses
i

Acquisitionpaymentpaid (year 1) - $201,654

Administrativeand evaluationcosts (years0 and I) _ $30,165

Tax rate - 0%

Energy savings (annual) - 2,852,900kWh

Output: levelizedcost - 7.0 mills/kWh '
.4
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A.5 REGIONAL.LEVELIZEDCOST CALCULATIONS(BONNEVILL_u+HP)

A. HP

Input: initialcapital (year O)

Equipment - $252,068

One-time expenses (revenues- year I)

Acquisitionpaymentreceived_ ($201,654)
O

Tax rate - 34%

Projectlife - IB years

Depreciation - 15 years

Annual Energy savings - 2,582,900kWh

Output: levelizedcost - 3.B mills/kwh

B. R_.gionallevelizedcost - Bonnevillelevelizedcost + HP ievelized
cost

- 7.0 mills/kWh+ 3.B mills/kWh

- IO.B mills/kWh

A.6 LEVELIZEDCOST ALLOWING FOR TRANSMISSIONAND DISTRIBUTIONLOSSES

Input: transmissionand distributionlosses - 7.5%

Bonnevillelevelizedcost - 7.0 mills/kWh/1.O7B - 6.5 mills/kWh

Regional levelizedcost - 10.8mills/kWh/I.O7B - 10.1mills/kWh

A.7 LEVELIZEDCOSTSU$1NG ALTERNATIV{DISCOUNTINGASSUMPTIONS

A. Not includingtransmissionand distributioneffects.

Real levelizedcost to Bonnevillein 1990 dollarswith S% inflationand

8.15% nominaldiscountrate - 6.6 mills/kWh.

Real levelizedcost to the region in 1990dollarswith B% inflationand

8.15% nominaldiscountrate- lO.Imills/kWh.

, Real levelizedcost to Bonnevillein 1993 dollarswith 4% inflationand

7.12% nominaldiscount rate- 7.4 mills/kWh.

, Real levelizedcost to the region in 1993 dollarswith 4% inflationand

7.12% nominaldiscount rate - 11.3mills/kWh.
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B. Includingtransmissionand distributioneffects.

Real levelizedcost to Bonnevillein iggo dollarswith 5% inflationand

8.15% nominaldiscountrate = 6.1 mills/kWh,

Real levelizedcost to the region in 1990dollarswith 5% inflationand

B.15% nominaldiscountrate = 9,4 mills/kWh.
Q

Real ievelizedcost to Bonnevillein 1993 dollarswith 4% inflationand

7.12% nominaldiscount rate = 6.g mills/kWh,

Real levelizedcost to the region in 1993 dollarswith 4% inflationand

7.12% nominaldiscount rate = 10.5 mills/kWh.
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