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SUMMARY

This impact evaluation of an energy conservation measure (ECM) that was

recently installed at Lenroc Company/MoormanManufacturing (Lenroc/Moorman)

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 measures in

their industrial processes. The objective of this impact evaluation was to

assess how much electrical energy is being saved at Lenroc/Moorman as a result

of the E$P and to determine how much the savings cost Bonneville and the

region.

The impact of the ECMwas evaluated with a combination of engineering

analysis, financial analysis, interviews, and submittal reviews (Lenroc/

Moorman's Abstract, Proposal, and Completion Report). The ECMitself consists

of installing two heat exchangers to recover waste heat from a process water

line to preheat incoming process air. The air and water are used in a pro-

prietary process to produce biuret, a cattle feed supplement derived from

urea. ..

Energy savings resulting from this ECMare expected to be

339,400 kWh/yr. On a per ton basis, this ECMwill save 56.6 kWh/ton of

biuret. The ECMcost $15,754 to install, and Lenroc/Moorman received payments

of $9,452 from Bonneville and $3,933 from Gra:,t County PUDfor the acquisition

of energy savings for a net cost to Lenroc/Moorman of $2,369. Without the

acquisition payments from Bonneville and Grant County PUD, this ECMwould not

have been implemented. The level ized cost of these energy savings to

Bonneville will be 2.3 mills/kWh over the ECM's expected 15-year life, and the

levelized cost to the region will be 4.0 mills/kWh.
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DISCLAIMER

Thisreportwaspreparedasan accountof work sponsoredbyan agencyof the
UnitedStatesGovernment.NeithertheUnitedStatesGovernmentnoranyagency
thereof,nor BattelleMemorial Institute,norany ortheir employees,makesany
warranty,expressedorimplied,orassumesany lep1 liai_li_/or responsibilityfor
the accuracy,completeness,or usefulnessof any intormation, apparatus,
product, or processdisclosed,or representsthat Its use would not infringe
privatelyowned rights. Referenceherein to any specificcommercialproduct,
process,or servicebytrade name,trademark,manufacturer,or otherwisedoesnot
necessarilyconstituteor imply itse,dorsement, recommendation,or favoring
by the United StatesGovernmentor any agency thereof, or BattelleMemorial
Institute.Theviewsand opinionsofauthorsexpressedhereindo not necessarily
stateor reflectthoseofthe UnitedStatesGovernmentor anyagencythereof.
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1.0 INTRODUCTION

This letter reportdescribesPacificNorthwestLaboratory's(PNL's)(a)

evaluationof the impactof an energy conservationmeasure(ECM) installedat

LenrocCompany/MoormanManufacturing(Lenroc/Moorman)in Ephrata,Washington.

The ECM at Lenroc/Moormanis one of about thirty energyconservationprojects

to have its impact evaluatedby PNL. All of the projectshave receivedor

will receiveacquisitionpaymentsfrom the BonnevillePower Administration

(Bonneville)under the EnergySavingsPlan (E$P) Program.

The E$P is being offeredto acquireelectricalenergy savingsin the

industrialsector of the PacificNorthwest. For the Lenroc/Moormanproject,

the acquisitionpaymentofferedunder the programwas equal to the lesserof

10C/kWhsaved in the firstyear or 80% of 75% of eligibleprojectcosts (a net

of 60% of eligiblecosts),up.to a limit of $250,000. BecausePublicUtility

DistrictNo. 2 of Grant County (GrantCounty PUD) purchasesonly 2% of its

power from Bonneville,its customersare eligiblefor only 75% of the acquisi-

tion paymentofferedunder the E$P to firms servedby utilitiesthat obtain

all of their power from Bonneville. To compensate,Grant County PUD offered

an additionalacquisitionpaymentof 25% oF projectcosts to Lenroc/Moorman.

Thus, the acquisitionpaymentsfor this projecttotalled85% of projectcosts.

The generalobjectiveof the impactevaluationwas to determinehow much

electricalenergy is saved by the ECM and at what cost to Bonnevilleand to

the region. In supportof this generalobjective,answerswere sought to the

followingquestions'

I. How much electricalenergy is saved annuallyby the energy conser-
vationmeasure in terms of kilowatt-hoursand kilowatt-hoursper
unit of plant output? Also, did any fuel switchingresult from
implementingthis ECM?

2. If the ECM improvedthe productivityof tileprocess,did the firm
then increaseoutputof the processto take advantageof the pro-
ductivityimprovement? Did the change in outputresult in a net

(a) Pacific Northwest Laboratory is operated for the U.S. Department of
Energy by Battelle Memorial Institute under Contract DE-ACO6-76RLO1830.
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increase or 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?

3. What was the net impact to the serving utility in terms of electri-
cal energy consumption (in kilowatt-hours) from implementing the
ECM?

4. What are the levelized costs of the ECMfrom the perspectives of
Bonneville and the region?

5. Howmuch of the ECM's impact can be attributed to the E$P?

1.1 APPROACHFOR IMPACTEVALUATION

Before selecting individual energy conservation projects for impact

evaluation, PNL developed a general impact evaluation methodology (Spanner

et al. 1988). The major finding of the methodology development was that in

the industrial sector, energy conservation projects must be considered on a

case-by-case basis. Accordingly, the general methodology consists of a var-i

iety of impact evaluation techniques that can be applied to individual

projects according to the specific circumstances.

To evaluate the impact of installing the heat recovery heat exchangers

at Lenroc/Moorman, four techniques were selected from the general methodology'

engineering analysis, financial analysis, site visit and interview, and review

of Lenroc/Moorman's submittals. On-site submetering by PNL was not necessary

because the metering performed by Lenroc/Moorman in accordance with E$P pro-

gram requirements is adequate to determine the project's impact. Because

Lenroc/Moorman was not _nterviewed during the process evaluation of the ESP

program, no process evaluation results are available for this project. How-

ever, questions pertinent to the impact evaluation that are ordinarily asked

during a process evaluation interview were included in the impact evaluation
interview.

Representatives from PNL visited Lenroc/Moorman on November 21, 1991, to

view the ECMfirsthand and to conduct a technical interview with the plant's

Assistant Manager.

1.2
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1.2 PROJECTDESCRIPTION

Lenroc Companyoperates a plant that is ow_,edby MoormanManufacturing

to produce biuret, a cattle feed supplement. Biuret is produced from urea in

a proprietary process involving water, electricity, and air. Aqua ammonia is

a byproduct of this process that Lenroc/Moorman also sells. The plant oper-

ates continuously for about eight months per year (typically 244 days) and is

idle the other four months.

In the energy conservation project at Lenroc/Moorman, two cross-flow

heat exchangers were installed to recover waste heat from a process water line

before the water is cooled in a cooling tower. The recovered heat is used to

preheat process air that is further heated by electric resistance duct heaters

and supplemented by steam from an electric boiler, The two heat exchangers

are in series, but they do not both operate at all times. One heat exchanger

operates only 70%of the time, while the other is always in operation while

the plant is producing.

To participate in the E$P Program, Lenroc/Moorman submitted three docu-

ments to Bonneville: an Abstract, a Proposal, and a Completion Report. The

Abstract and Proposal described the ECMand laid out Lenroc/Moorman's expec-

tations with regard to costs and benefits. Included was a calculation of the

ECM's expected simple payback. A Completion Report was submitted to Bonne-

ville after the ECMwas installed and Lenroc/Moorman had:verified the result-

ing energy savings. This document listed the actual costs of the ECMalong

with a calculation of tile energy savings that had been achieved.

The total cost for this ECMwas $15,754. Bonneville paid $9,452 for the

energy saved, and in addition, Grant County PUDpaid $3,933. The net cost to

Lenroc/Moorman was $2,369. Lenroc/Moorman's cost of electricity is extremely

low, approximately O.6¢/kWh.

1.3 SUMMARYOF PROJECTIMPACTS

This E$P project, or ECM, is exiiiected to save 339,400 kilowatt-hours

annual l y.

1.3



Over the assumed 15-year life of this ECM, levelized costs to Bonneville

will be 2.3 mills/kWh (I mill : 1/1000 of a dollar), and cost to the region

will be 4.0 mills/kWh. These costs are in real 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 will be 2.2 mills/kWh and the cost to the region will be

3.9 mills/kWh.

Without the acquisition payments from Bonneville and Grant County PUD,

this ECMdid not meet Lenroc/Moorman's funding criteria; however, it did fneet

the criteria with the acquisition payments. Therefore, we conclude that the

ECMwould not have been installed in the absence of the ESP.

1.4
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2.0 IMPACTEVALUATION

J

The following section addresses the five major objectives of the impact

evaluation as stated in the introduction.

2.1 ENERGYSAVINGSAND FUELSWITCHING

i. How much electrical energy is saved annually by the ECMin terms of
kilowatt-hours and kilowatt-hours per unit of plant output? Also, did
any fuel switching result from implementing this ECM?

Enerqv Savinqs

In this project, heat is recovered from process water on its way to a

cooling tower, and the recovered heat is used to preheat process air before it

enters a duct heater. To determine the energy savings, it is only necessary

(and most convenient) to measure the amount of heat that is recovered fro the

process water and to assume that the heat recovered from the water replaces

heat that would have otherwise been provided by the duct heater. Accordingly,

for its Completion Report, Lenroc/Moorman measured water flow and inlet and

outlet temperatures of the liquid side of the heat exchangers. Heat recovery

was then calculated by the equation

heat recovery = (temperature change)*(mass flow)*(specific heat).

Three correction factors were applied to the general equation above.

First, heat exchanger efficiency was assumed to be 97%. Second, allowance was

made for an 8°F temperature drop that is inherent in the piping system. And

third, allowance was made for the fact that one heat exchanger operates con-

tinuously while the other operates for on'ly 70% of the time.

From the measured data and the equation above, this ECMwill save

339,400 kWh/year. The plant produces 4,200 tons of biuret yearly, so each ton

produced consumes 80.8 fewer kilowatt-hours, a savings of approximately 3.4%.

The cover sheet of the Completion Report for this project states that

• annual savings will be 237,600 kWh, which is 30% lower than the savings listed

in this impact evaluation. According to the calculations presented in the

2.1
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text of the CompletionReport,the savingsfrom this projectwill be

339,400 kWh/yr,which is the figureused in this impactevaluation. The

reason that the calculationsand the cover sheet do not match is becauseGrant

County PUD and Lenroc/Moormanjointlyagreedto reduce the savingsestimateby

30% to be conservativein the CompletionReport. We feel that the larger

savingsestimateis justifiedand, therefore,used it in this evaluation

Fuel Switchinq

Electricityis the sole sourceof energy for this plant,so no fuel

switchingresultedfrom installingthis ECM.

2.2 IMPACTSTO T.HEFIRM

2 If the ECM improvedthe productivityof the process,did the firm
then increaseoutputof the processto take advantageof the pro-.
ductivityimprovement? Did the change in output resultin a net
increaseor decrease in energyused by the process? Did the change
in outputcause changesin outputat the firm'sother plants in the
region?

This ECM resulted in slightlylower productioncosts for Lenroc/Moorman,

but no increasesin output are expected. The plant only operateseight months

per year because this is sufficient to meet all of the market demand for

biuret. There is, therefore, no reason to increase output in the foreseeable

Future Lenroc/Moorman is the only biuret plant in the country, so no other

plants are affected by this ECM..

2.3 IMPACTSTO THE UTILITY

3. What is the net impact to the serving utility in terms of elec-
trical energy consumption (in kilowatt-hours) from implementing the
ECM?

Because this ECMallows biuret to be produced with less electricity and

because production levels are expected to remain stable, all of the energy

savings from this ECM(339,400 kWh/year) will be reflected in lower loads at

the serving utility, Grant County PUD.

2.2
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2.4 L__EVELIZEDCOSTS

. 4. What are the levelized costs of the ECM from the perspectivesof
Bonnevilleand the region?

. Levelizedannualcosts are used 'tocomparethe attractivenessof various

projectsor investmentalternatives. The levelized cost is the annualcost

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

value of money. (SeeAppendixA for completedefinitionand formula.) Level-

ized costs providea single figureof merit for comparingenergy conservation

alternatives. In addition,levelized costs can be used to compareconserva-

tion projectswith optionsfor new generatingcapacityand to optimizethe

rankingof these options. The objectiveof using levelizedcosts to evaluate

these energy conservationmeasures is to determinethe financialimpactof

each ECM to Bonneville(S/kWhsaved) and to the region (Bonneville,Grant

County PUD, and Lenroc/Moormancombined), r

In the industrialsector,it is not possibleto accuratelypredictthe

life of an ECM becauseany number of externalfactorscould cause the ECM to

have longer or shorterlife than expectedwhen it was installed. To allow

comparisonsof levelizedcosts among projectsinstalledunder the E$P, all

ECMs are assumedto have a life of 15 years. Even though some ECMs will have

longer or shorterlives,15 years is considereda conservativebut likely life

for typicalECMs in the industrialsector.

2.4.1 BonnevillePerspective

To determinethe levelized costs to Bonnevilleand to the region,we

must know the projectcosts (acquisitionpayment,capitalcosts,etc.) and the

energy savings,and must assume a discountrate and ECM life. With energy

savingsof 339,400kWh/yr,the project'slevelizedcost from Bonneville'sper-

spectivewill be 2.3 mills/kWh(see AppendixA). BonneviTle'slevelizedcost

decreases to 2.2 mills/kWh when transmission and distribution losses are

considered. Transmission and distribution losses increase the energy savings

at the source by 7,5%.

o The levelized costs calculated in this impact evaluation include the

acquisition payment by Bonneville but ignore any administrative or evaluation
.
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costs for the program. Data are not availableto calculatethese costs on a

project-by-projectbasis, but they will be includedin an impactevaluation

report on the overallprogram.

2.4.2 Reqional Perspective

To calculatethe levelizedcost to the region,the costs to Bonneville,

Grant County PUD, and Lenroc/Moormanare combined. The acquisitionpayments

paid by Bonnevilleand Grant County PUD are includedas costs to Bonneville

and to the utility,and as a reductionin cost to Lenroc/Moorman.This

approachis taken becausethe acquisitionpaymentshave federalincometax

consequencesto the companyand, therefore,are not a net zero cost to the

region.

The levelizedcosts to the regionfor acquiringannualenergy savingsof

339,400 kWh is 4.0 mills/kWhsaved. Includingtransmissionand distribution

losses,the levelizedcost decreasesto 3.9 mills/kWhsaved.

2.5 IMPACTATTRIBUTABLE_O E_L_

5. How much of the ECM's impactcan be attributedto the ESP?
p

Lenroc/Moormanuses simplepaybackto selectplant improvementprojects,

with a desiredpaybackof four years or less. When this projectwas proposed

to Bonneville,it was expectedto cost $16,219and result in electrical

savingsof $1,315per year for a simplepaybackof about 12 years. Lenroc/

Moorman expectedto receiveacquisitionpaymentsof $9,731 from Bonnevilleand

$4,055 from Grant County PUD,which would have reducedthe simplepaybackto

less than two years, well within Lenroc/Moorman'simplementationcriterionof

four-yearsimplepayback. Withoutthe additionalacquisitionpaymentfrom

Grant County PUD, simple paybackwould have been about fiveyears.

Consideringthe facts presentedabove,we concludethat this project

would not have been implementedwithoutthe acquisitionpaymentsfrom Bonne-

ville and Grant County PUD and that all of the project'simpactcan be attri-

buted to the E$P. Further,the supplementfrom Grant CountyPUD in concert

with the E$P was a significantfactor in Lenroc/Moorman'sdecisionto imple-

ment the project.

2.4
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APPENDIXA

FINANCIAL EVALUATIONDETAILS

A.I DEFINITIONS

Levelized Cost - A single figure of merit that expresses the cost per

unit of benefit (in this case, energy savings) accounting for the time value

of money. This annualized cost would be constant over the entire project

life. An infinite number of cash flow scenarios (costs incurred at different

times in the project life) could result in the same annualized cost.

Levelized Cost to Bonneville - The _nnualized costs to Bonneville,

direct and indirect, per unit of energy saved by the conservation measure.

Costs included are the acquisition payment and the program administrative

costs (although no administrative costs are included in this analysis of the

ECMat Lenroc/Moorman Corporation).

Levelized Cost to Region - The sum of annualized costs to Bonneville,

Grant County PUD, and Lenroc/Moorman per unit of energy saved by the energy

conservation measure. This would include the same costs to Bonneville and

_ Grant County PUDas above, plus the initial capital and ongoing incremental

production costs to the firm. Any non-electrical savings that result from the

ECMare not considered in this analysis.

A.2 LEVELIZEDCOSTFORMULA

LC : ([PVCI + PVICI + (PVOM+ PVPT+ PVOTE)• (1-itr) - PVD® itf]

/(l-itf)) • (CRF/AES)

where LC : levelized cost (real $)

PVCI = present value of initial capital costs

PVICI = present value of interim capital costs

PVOM= present value of operating and maintenance (O&M) costs

PVPT= present value of property taxes

PVOTE= present value of one-time expenses

A.I
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itf : combinedstate and federalincome tax fraction

PVD = presentvalue of depreciation v

CRF = capitalrecoveryfactor (spreadsthe costsover the project
life in real dollarterms)

AES = annual energy savings(kWh/yr).

A.3 GENERALASSUMPTIONS

The following general assumptions were made in the levelized cost

calculations:

I. Ali cash flows are expressed in nominal terms (with inflation) and are
discounted to present value at a nominal discount rate of 8.15% (com-
bines a real discount rate of 3.0% and an inflation rate of 5.0%). The
costs are annualized over the life of the project using the capital
recovery factor at a real discount rate of 3.0%.

2. Equal annual energy savings--savings (kilowatt-hours) per year--is con-
stant over the life of the project. This assumesno loss in efficiency
of the equipment with time.

3. Transmission and distribution losses equal 7.5%, increasing the energy
savings at the source by a corresponding 7.5%.

4. In the regional cost calculation, the acquisition payments from Bonne-
ville and Grant County PUDare treated as costs to Bonneville and to
Grant County PUD, and at the same time, a cash inflow to Lenroc/Moorman
rather than a net zero cost. This is done because Lenroc/Moorman will
incur a tax liability from the acquisition payments, thus a net cost to
the region.

A.4 BONNEVILLELEVELIZEDCOSTCALCULATIONS
',

Input' one-time expenses

Acquisition payment paid (year O) = $9,452

Administrative costs (year O) = $0

Tax rate = 0%

Energy savings (annual) = 339,400 kWh

Output" levelized cost = 2.3 mills/kWhq

A.2
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A,5 GRANTCOUNTYPUDLEVELIZEDCOSTCALCULATIONS

, Input: one-time expenses

Acquisition payment paid (year O) = $3,933

, Administrativecosts (yearO) - $0

Tax rate : 0%

Energy savings (annual) = 339,400 kWh

Output: levelized cost = 1.0 mills/kWh

A.6 REGIONAL,LEVELIZEDCOST CALCULATIONS(BONNEVILLE+ LENROC/MOORMAN)

A. Lenroc/Moorman

Input: initialcapital

Equipment= $15,754

One-timeexpenses (revenues)

Acquisitionpaymentsreceived= ($13,385) (Bonnevilleand

Grant CountyPUD combined)

Annual recurringexpenses(revenuesand savings)

None

Tax rate = 20%

ProjectLife = 15 years

Depreciation = 5 years

Energysavings (annual)= 339,400kwh

Output: levelizedcost = 0.7 mills/kwh

B. Regionallevelizedcost = Bonnevillelevelizedcost + Grant County
PUD levelized cost + Lenroc/Moormanlevelized cost

= 2.3 mills/kWh+ 1.0 + 0.7 mills/kWh

= 4.0 mills/kWh

A.7 LEVELIZED COSTSALLOWINGFORTRANSMISSIONAND DISTRIBUTIONLOSSES

Input: transmission and distribution losses = 7.5%

Bonneville levelized cost = 2.3 mills/kWh/O.775 = 2.2 mills/kWh

Regional levelized cost : 4.0 mills/kWh/1.075 = 3.9 mills/kWh

A.3
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APPENDIXB

COVER SHEET FROM LENROC/MOORMAN'SCOMPLETIONREPORT.
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COVER SHEETFROM LENROC/MOORMAN_SCOMPLETIONREPORT

Directions: Complete Sections I tnroug_ IV and submit with Project Abstract. Photocopy and complete

• Section V to submit with Project Proposal. Photocopy and complete Section VI to submit with the Completion

Report.

= i

I. SPONSOR INFORMATION ,

Nau_eand Full Address of Sponsoring [ntlty

BonnevillePower Administration
Mr. Larry King
Room 56! U.S. Court House
W. 920 RiversideAvenue
Spokane,WasI_ington99201

r i
J

IDENTIFICATION _ ,....
Title N_e and Tttle of Project

Manager or Other Contact
HEAT RECOVERY ' •

llll

Location of ProposedProjeCt T I M H E P N E R
NORTH RAILROAD AVENUE
E P H R A TA , W A S H I N G T 0 N Area code & TelephoneNo.

98823 509 754-52-66
i i iii i ii ii i i t

SLand&rd Industrial Classlflcatlon Code (SLC) Utillty Service Area J Portlon of kwh purchased

Primary2873 - Secondary2048 Grant County Ii from servlclng!o0Utillty%---_T ,i i

_II. pROJEET'sU,MHARY ............

Brief Description of Proposed Project

Recoverheat from distillationprocessand preheatpurge air in anotherpart of
the plant facility.

l

.IV.,ESTIMATED ENERGY SAVINGS AND COSTS (submlt with P_olect Abstract3

Average Annual J Total Project j Incentive I Incentive Type j Rltto of Incentive Esttr_te

Energy Savings I Costs J Es_tn_te J I to Total Project Costs

i I I _lOOper_ I .,
147,672 _/yr I $16,218.00 I $9,731.00 I _So% of Project I 60 ¢

I l I C_ts I
V,, ESTIMATED.E_LERGYSAVINGS,,,AN0COSTS (submit with Protect P.raeosall

Average Annual I Total Project I Incentive I Incentive Type j RiLio of Incentive Limit

Energy Savings I Costs 1 Limit I J to Total Fro3ect Costs

I I i _lOOperkw, I
kkl_/yr I $ I $ I __BOZ of Projec_ I ¢

I l l Costs l

_IL._J_ERGY SAVINGS AND COSTS (submit with ComDietlon Reeor_

Average Annual j Total Project J Ratio of Actual Savings ,._. , _ _ '
Energy SaVings J Costs J to Estimated Savings ,.,

" 1 I
237 555 kWh/yrJ $ 15,753.85 I 161

' I I

B.I
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