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ABSTRACT

The U.S. Air Force Space Command (SPACECOM)has tasked the Pacific

Northwest Laboratory (PNL),(`)as the lead laboratorysupporting the U.S.

Department of Energy (DOE) Federal Energy Management Program (FEMP), to

identify,evaluate, and assist in acquiringall cost-effectiveenergy projects

at VandenbergAir Force Base (VAFB). This is part of a model program that PNL

is designingto support energy-usedecisions in the feder_.lsector.

This report provides the resultsof the fossil fuel and electric energy

resource opportunity (ERO) assessmentsperformedby PNL at the SPACECOM VAFB

facility located approximately50 miles northwestof Santa Barbara,

California. It is a companionreport to Volume I, ExecutiveSummary, and

Volume 2, Baseline Detail.

The results of the analyses of EROs are presented in ten common energy

end-usecategories (e.g.,boilers and furnaces, servicehot water, and build-

ing lighting). In addition,a case study of process loads at Space Launch

Complex-4 (SLC-4) is included. A narrativedescriptionof each ERO is pro-

vided, including informationon the installedcost, energy and dollar savings;

impactson operation and maintenance(O&M); and, when applicable,a discussion

of energy supply and demand, energy security, and environmentalissues. A

descriptionof the evaluationmethodologiesand technicaland cost assumptions

is also provided for each ERO. Summary tables present the cost-effectiveness

of energy end-use equipmentbefore and after'the implementationof each ERO

and present the results of the life-cyclecost (LCC) analysis indicatingthe

net present value (NPV) and value index (VI) of each ERO. Finally, an appen-

dix includes a summaryof an economic analysis case study of the South

Vandenberg Power Plant (SVPP)operatingscenarios.

(a) PacificNorthwest Laboratory is operated for the U.S. Department of
Energy by Battelle Memorial Instituteunder ContractDE-ACO6-76RLO 1830.
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SUMMARY

The U.S. Air Force Space Command (SPACECOM)has tasked the Pacific

Northwest Laboratory (PNL), as the lead laboratorysupportingthe U.S.

Department of Energy (DOE) Federal EnergyManagement Program (FEMP),to

identify,evaluate, and assist in acquiringall cost-effectiveenergy projects

at Vandenberg Air Force Base (VAFB). This is part of a model program that PNL

is designing to support energy-usedecisions in the federal sector. This

report describesthe methodologyused to identify and evaluate the energy

resource opportunities(EROs) at VAFB, provides a life-cyclecost (LCC)

analysis for each ERO, and prioritizesthe EROs based first upon whether or

not they have a positive net presentvalue (NPV) and second upon their value

index (VI). The VI (the ratio of NPV to the present value of installedcost)

is used to prioritize EROs and is only appliedto projects deemed cost-

effective by nature of their positive NPV. EROs with negativeNPVs,

therefore, will not have an associatedVI measurement. Analysis results are

presented in ten common energy end-use categories (e.g., boilers and furnaces,

service hot water, and building lighting)as well as the South Vandenberg

Power Plant (SVPP). In addition,a case study of process loads at Space

Launch Complex-4 (SLC-4) is included.

As illustratedin Table S.1, the present value (PV) of the installed

cost of all EROs constitutingthe minimum LCC efficiencyresource (i.e., cost-

effective) at VAFB is approximately$18.3 million in 1992 dollars (19925).

The PV of the savings associatedwith this investmentis approximately

$45.7 million, for an overall NPV of $27.4 million.



TABLE S.I. Total Savings, Cost, and NPV (19925)

Total Total Total Total Total Total
Present Present Present Present Present Present
Value of Value of Value of Value of Value of Value of Total Net

Installed Energy Demand O&M ReplacPment All Present

Cost Savings Savili_s Savtn_s Savtn_s , Savtn_s Value

18,346,343 24.458.892 7,081.085 8,950.165 5.221.154 45.711,296 27,364,921

Table S.2 provides a breakdown and summaryof the cost-effective

electricity resource at VAFB. Cost-sharing and rebate incentives from the

utility would normally be factored into the analysis. Because the potential

demand-side management (DSM) relationship with the electric utility, Pacific

Gas and Electric (PG&E), is so uncertain, SPACECOMand VAFBproject managers

agreed that this document would present an economic analysis from the

government-funding-only perspective. That way if no cost-sharing with the

utility could be arranged, the document would still be useful to the U.S. Air

Force (USAF) in its planning for implementation of various EROs. Once details

of a cost-sharing agreement with the utility has been reached, the economic

analysis can be redone at any time.

The operations and maintenance (O&M) savings are a reflection of the

incremental cost difference between the cost of maintaining the existing

equipment and that of maintaining new or retrofitted equipment. Because

maintenance costs of new or retrofitted equipment are often the same as the

costs to maintain the existing equipment, this incremental maintenance cost is
often zero.

To accompany Table S.2 is Table S.3, which presents a breakdown and

summary of both the energy and demandsavings for the first-year and full

implementation of the cost-effective electricity resource at VAFB.
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TABLE S._. Summary of the Cost-EffectiveElectric Resource at VAFB (19925)

Present Present Present Present Present Present
Value of Value of Value of Value of Value of Value of Net

ERO Installed Energy Demand O&M Replac. Total Present

Categor_ Cost Sayings Savings Savings i Savings Savings Value

Lighting 6,712,768 7.132.365 2,046,905 5,071,339 0 14.250,609 7,537.840

Motors 270,223 1,493,715 16.145 0 152,538 1,662,398 1,392,176

Trans&Dist 6,727,565 1,475,090 195,336 2,987,085 5,794,344 7,464,770 737.205

SVPP(a) 0 5.872,259 4,886,082 -59,314 0 10,699,027 10,699,027

Totals 13,710,556 15,973,479 7,144,468 7,999,110 5,946,882 34,076,804 20,366,248

(a) See Appendix. SV_P _M savings consists of $560,288 credit from sale of emission permits,
less $619,602 Increase30&M. SVPPreported values are for 1994. Generation will decline
over time. While the analysis for the Volume 3: Resource Assessment used a 4.6% discount
rate, the SVPPanalysis (PNL-8556) used a 4.0% discount rate.

TABLE S.3. Summary of the Electric Energy and Demand Savings

Full Full
First-Year Implement. First-Year Implement.

Energy Savings Energy Savings Demand Savings Demand Savings
ERO Category (MBtu) (MBtu) (kW-mo)...... (kW,mo)

Lighting 31,586 31,586 27,279 27,279

Motors 6,776 7,051 (a) 215 215(b)

Trans & Dist 0 I0,775(a) 0 4,325

SVPP(c) (c) (c) (c) (c)

Totals 38,362 49,412 27,494 31,819

(a) Energy savings increasesbetweenfirst-year and full imp'Iementation
because of additional implementationof replace-on-failure(ROF)
opportunities.

(b) The full implementationdemand savings for motors does not increaseover
first-year demand savings becauseof uncertaintyabout the ROF motor
contributionto the monthly peak demand.

(c) See Appendix. First-yearenergy and demand savingswil_ be 234,440 MBtu
and 51,300 kW-mo, respectively. During the remaining 17-year life of
the gas turbines at the SVFP, electricitygenerationan_ the related
natural gas use will declineover time, resulting in reduced energy and
demand savings for subsequentyears.
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Table S.4 provides a breakdownand summaryof cost-effectivefossil fuel

resourceopportunitiesat VAFB. The economic analysis presentedbelow con-

siderednatural gas and propane only. PotentialEROs affectingfuel oil use

were considered in the initialscreeningevaluation(see Table 1.1) but it was

determinedin discussionswith VAFB personnelthat because VAFB was already

phasing-outuse of fuel oil wherever possible,these EROs would not be consid-

ered further. This phase-outis primarily a result of increasingrestrictions

on air emissionsmandated by the Santa BarbaraAir PollutionControl District

(SBAPCD).

TABLE S.4. Summaryof Cost-EffectiveFossil Fuel Resource at VAFB (19925)

Present Present Present Present Present
Value Value Value Value Value
of of of of of Net

ERO Instal 1ed Energy O&M Replacement Total Present
Cate_lor_y Cost Savinbs savinbs Savings Savings Value

Space Heating 1.745.786 2.858,824 0 318,463 3,177,287 1.431.502

Transportation 892,398 2,598,956 2,987.085 (I,160,588) 4,425,453 3.533,055

Water Heat ing 141,833 719. Z19 0 (102.152 ) 617,066 475,234

Totals 2,780,017 6,176,999 2,987,085 (944,277) 8,21,806 5,439,791

To accompanyTable S.4 is Table S.5, which presents a breakdown and

summaryof both the energy and demand savings for the first-year and full

implementationof the cost-effectivefossil fuel resource at VAFB.

Because of time, funding, and informationavailabilityconstraints,the

scope of this assessmentonly consideredprocessenergy conservationat SLC-4.

Table S.6 provides a breakdownand summaryof the cost-effectiveprocess EROs

developedfor the case study at SLC-4. This SLC was chosen for the following

reasons:

I) SLC-4 has the greatest energy use of any active SLC and, therefore,
has potentialfor a large energy savingsimpact.

2) Due to the secure nature of missions at the SLCs, significant
assistancewas required from SLC operatingpersonnelto obtain the
necessarydata for economic analysis. This type of assistancewas
only provided at SLC-4.
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TABLE S.5. Summary of the Fossil Fuel Energy and Demand Savings

First- Full First- Full
Year Implement. Year Implement.

Energy Energy Demand Demand
ERO Savings Savings Savings Savings

Categor_ (MBtu) (MBtu) XkW-mo) {kW-mo)

Space Heating 27,860 27,860 0 0

Transportation 20,406 20,410 (a) 0 0

Water Heating 5,470 8,339 (a) 0 0

Totals 53,736 56,609 0 0

(a) Energy savings increasesbetweenfirst-yearand full implementation
because of additional implementationof replace-on-failure(ROF)
opportunities.

TABLE S.6. Summary of Cost-EffectiveProcess Resource at SLC-4 (19925)

Present Present Present Present Present Present
Value Value Value Value Value Value
of of of of of of Net

ERO Installed Energy Demand O&M Replace_nt Total Present
Cateqory Cost Savinas Savinqs SavinQs _ Savinqs Value

Process Total 1,855,800 2,308,464 (63,383) 951,055 218.549 3,414,685 1,558,883

3) The SLC-4 mission is relativelystable compared to the transient
nature of the missions at other SLCs. For example, the SLC-5
mission to launch Scout missileswill be changingwhen the current
supply of Scout missiles is depleted (about three years).

The SLC-4 analysis is generallyconservativebecause this SLC is the

most modern at VAFB and, consequently,energy savings are more difficultto

achieve. Although differencesexist betweenprocess and procedural require-

ments in handling the differentvehicle types, energy conservationthe other

SLCs may be possible by applying some of the EROs consideredat SLC-4.

To accompanyTable S.6 is Table S.7, which presents a breakdownand

summary of both the energy and demand savingsfor the first-yearand full

implementationof the cost-effectiveprocess resource at VAFB.
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TABLE..S.7.Summaryof the Process Energy and Demand Savings

Full Full
First-Year ImpIement. First-Year ImpIement.
Energy Energy Demand Demand

ERO Savings Savings Savings Savings
Category (MBtu) _ (MBtu) (kW-mo) (kW-mo)

Process 4,966 4,966 -842(a) -842

(a) The negative demand savings result from the increaseddemand for
electricitydue to a fuel switch from nitrogen.

Table S.8 presents a breakdownand summary of the cost-effective

resource determinedwithin this ERO assessmentby fuel type.

I_AB_L_;__...Summary of Cost-EffectiveResource by Fu._lType

Present Present Present Present Present Present
Value Value Value Value Value Value

of of of of of of Net
Exist. Installed Energy Demand O&M Replacement Total Present
Fuel _ Co_t i _ S_ylnas Savinq_. Savinqs Savlnqs.... Value

Propane 38,345 153,795 O 0 7,342 161,119 122.774

Nat. 6as 1,849,274 3,424,248 0 0 208,987 3,633,235 1.783.961

Elect. 13,710,556 10,101,170 2,258,386 5,071,339 5,946,882 23,377,777 9,667.221

FlSw(a,b) 2,748.198 I0,779.679 4.822,699 3.878,826 (942,039) 18,539,165 15.790,965

Totals 18,346.373 24,458,892 7,081,085 8,950,165 5,221,154 45,711,296 27.264,921

(a) SVPPO&Msavings consists of $560,288 credit from sale of emission permits, less $619,602
Increased O&M. While the analysis for the Volume 3: Resource Assessment used a 4.6% discount
rate, the SVPPanalysis (PNL-8556) used a 4.0% discount rate.

(b) Fuel-Switch includes process, transportation, and SVPPEROs.

To accompanyTable S.8 is Table S.g, which presents a breakdownand

sumary of both the energy and demand savingsfor the first-yearand full

implementationfor different fuel types at VAFB.

Table S.I0 presents a breakdownand summaryof the total fuel balanceat

VAFB. Total existing fuel use is based on informationdevelopedfor the

Volume 2 Baseline Detail companionreport to this document. Total fuel use

after ERO implementationwas determined,where possible,by subtractingthe



total fuel savings from the total existing fuel use. In addition,percent

savingsof existing fuel use is presentedwhere possible.

TABLE S.9. Summaryof the Energy and Demand Savings by Fuel Type

Full Full
First-Year Implement. First-Year Implement.
Energy Energy Demand Demand

ERO Savings Savings Savings Savings
Category IMBtu) (MBtu) .(kW-mo) (kW-mo)

Electricity 38,362 49,412(a) 27,494 31,819

Fuel-Switch(b) 25,372 25,376(a) -842(C) -842

Nat. Gas 31,818 34,685(a) 0 0

Propane 1,514 1,514 0 0

Totals(d) 97,066 11O,987 26,652 30,977

(a) Energy savings increasesbetween first-yearand full implementation
because of additionalimplementationof replace-on-failure(ROF)
opportunities.

(b) Fuel-Switchincludesprocess, transportation,and SVPP EROs.
(c) The negative demand savings result from the increaseddemand for

electricitydue to a fuel-switchfrom nitrogen.
(d) See Appendix. Energy and demand savings for the SVPP, which are not

included,are -234,440MBtu and 51,300 kW-mo, respectively. During
the remaining lT-yearlife of the gas turbines at the SVPP,
electricitygenerationand the related natural gas use will decline
over time, resultingin reduced energy and demand savingsfor
subsequentyears.
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1.0 SELECTIONOF ENERGY RESOURCEOPPORTUNITIES

The number of conceivableenergy conservationmeasures, fuel-switching

opportunities,and renewableenergy projects at a federal site is very large.

A three-step process has been developedby PNL to make energy resource oppor-

tunity (ERO) selection,evaluation,and prioritizationmanageable. The steps

are the following:

° PreliminaryScreeninq. Select promisingEROs from a master list,
consideringthe site'smission, building stock, end-use equipment
characteristics,utility characteristics,c3imate, energy costs,
other local conditionsthat affect ERO viability,and recommenda-
tions from site staff.

° Cost and PerformanceAnalysis. Establish,with a reasonabledegree
of accuracy,the technicaland economic feasibilityof each ERO
that passed the preliminaryscreening. An analysis is perfcrmed
comparingthe operatingand economic performanceof the existing
equipment and the ERO. Where applicable,impactson energy secur-
ity and the environmentare included in the analysis.

Life-CycleCost Analysis and Prioritii:Btion.Perform a life-cycle
cost analysis and rank EROs by net present value (NPV), so that a
package with the optimalreturn on investmentcan be defined. If
any utility cost-sharingor rebate programsexist, they can be
includedwithin this evaluationstep.

The life-cycle cost (LCC) analysis and prioritizationstep is required

by federal law (CFR 436, Part 10). All federal agencies are required to

evaluate the LCC of alternativetechnologieswhen making energy investments.

An LCC evaluation computes the total long-run costs of alternativeactions,

and identifiesthe action that maximizesthe NPV of the energy investment.

Section 4.1 details the process by which LCCs are calculated,explains how

these calculationsare used in the identificationof projects,and introduces

a method for prioritizinga list of alternativeactions.

The remainder of this sectiondescribesthe process used for preliminary

selectionof EROs and presents a master list of screened and selected EROs.

Section 2 covers the technicalcharacteristicsof each ERO considered and

1.1



analyzes its cost and performance. Section3 is a case study of process loads

at Space Launch Complex-4 (SLC-4). Section 4 provides the results of the LCC

analysis and ERO prioritizationprocess. The Appendix presents the summaryof

an economic analysis of operatingalternativesat the South Vandenberg Power

Plant (Daellenbachet al. 1993).

1.1 ERO PRELIMINARYSELECTIONCRITERIA

The ERO selectionprocess tests the applicabilityof a long list of EROs

(see the master list of EROs in Table 1.1) using criteria that can be applied

with relativelylittle "hard data." This step filtersout EROs that are

unlikelyto be economicallyfeasible and are unlikelyto have significant,

persistentenergy impact at the site. The eight screeningcriteria used to

characterizeand select possibleEROs are listed below.

• Low Incidence. EROs that apply to end use equipmentrepresentinga
very small fraction of site energy use may be eliminated. However,
such EROs may be retained in cases where the end-use is
concentrated_ather than diffuse, or where it has been previously
identified in a detailed audit, and the ERO passes the other
criteria without difficulty.

• Economic Feasibility. A preliminaryassessmentof economic
feasibilitycan often be made if the utilitywill commit to an
incentiveor cost-sharinglevel in advance. Energy resource
opportunitieswhose costs and performanceare well establishedand
fairly uniform across applicationscan then be screenedwith
respect to the utility'smarginal cost of energy and/or capacity.

• Technical Feasibility. In some cases, conditions at the site will
preclude implementationof a certain ERO. Conditionsthat make
retrofit difficult or use patterns that complicateoperationsor
maintenanceof the end-useequipment in questionmay result in
eliminationof an ERO prior to formal analysis.

• PrimarilyOperations and Maintenance(O&M). A measure that is
little more than a no- or low-costchange in O&M activitywill
generally be rejected as inappropriateto the integratedresource
acquisitionprogram. The measures of interestto the program are
capital intensivemeasures that are difficult,programmatically,
for the site personnelto implementon their own. Cases where
there is a significantcost to develop new O&M procedures or to
procure special instrumentsand tools may be considered.
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• Mission-Critical. End-use equipmentthat serves criticalmission
functionsmay not be accessiblefor retrofit or replacement,or its
operationmay be so importantto criticalmission objectivesthat
any modificationin the service is not tolerable.

• Site Preference. The site may have particularobjections to
certain EROs, based on O&M or other infrastructuresupport
requirements,or based on unfavorablepast experiencewith similar
measures. In cases where the ERO appears to be very attractivein
other respects, it may be analyzed in the belief that the savings
might support a reevaluationof the measure.

• InsufficientData. In some cases, the performanceor operational
characteristicsof existing end-use equipment is unknown, and the
cost to determinethese characteristicscannot be justified. This
is not a technical-or implementation-costgrounded rejectionand
should not deter the site energy and or contractorfrom further
analysis _nd, if appropriate,implementationof the ERO concerned.

• Complexity. In some cases, the complexityof the analysis
precludesthe analysisof an ERO as part of a high-level,
comprehensivesite assessmentprogram.

• ImmatureTechnology. Some retrofitsrequire equipment that has not
achieved sufficientmarket acceptanceor penetrationin the federal
sector to be considered reliableand effective. The persistenceof
savings and the sensitivityof savingsto O&M, and the propensity
for equipmentto degrade in energy performancewhile continuing to
provide service, are factors that could disqualify a technology.
Such measures will usuallynot be considered.

• Other ERO-DependentMeasures. A measuremay be rejected because it
depends on one or more other EROs that have been rejectedor whose
feasibilityis too uncertain, lt may also be rejected because it
has already been implementedin most or all of the existing end-use
opportunities.

1.2 MASTER LIST OF SCREENED AND SELECTED EROs

A master list of generic conservationmeasures, aggregatedfrom a vari-

ety of sources,was used as an originationpoint in the identificationof

energy resource opportunitiesat VandenbergAir Force Base (VAFB). This

master list is presented in Table 1.1. For each ERO listed there is an indi-

cation of whether or not it passed the preliminaryscreeningprocess. If the

ERO did not pass, a brief explanationis provided.
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TABLE 1.I. Master List of Energy ResourceOpportunities
at VandenbergAir Force Base

Passed
Prelim-

inary
Screenlng

ERO Na.me ERO Description (Y/N) Comment

FANS AND FAN MOTORS

Align sheaves Align sheavesand shafts;replace belt N This is primarilyan
with hlgh-efficiencybelt(s). O&M measure

Reduce hours Install clock, EMCSswitch or other N Intermittent applica-
control means to reduce operating hours, tion due to non-human

critical loads in many
facilities

Reduce speed Reduce fan speed by adjusting sheave N Insufficient data
diameter and reduce motor size
accordi ngl y.

Efficient motor Replace existing motor with high- Y
efficiency model and reduce size if
appropri ate.

Two-speed motor Replace ext sri ng motor wt th two-speed Y
motor and controller.

Variable inlet vane Install variable inlet vanes and control N Most fans are single
to provide reduced air flow when zone
appropri ate.

Variable-speed drive Install variable frequency motor drive N Most fans are single
and control to modulate airflow; also zone
reduce motor size if appropriate.

Variable-speed Replace existing motor with variable- N Most fans are single
electronically commutated speed electronically commutatedpermanent zone
motor magnet motor and control; also reduce

motor size if appropriate.

CO2 sensor Install C% sensors for ventilation N Intermittent
control reBuce heating of outside air and application due to
average (over time) air volume moved by non-human critical
fans. loads in many

facilities

Duct transitions Redesign duct transitions to reduce N No high SP systems;
friction loss by using turning vanes, insufficient data on
long radius turns and gradual changes In low SP systems
cross-sectional area.

Duct cross-section Increase duct cross-section to reduce N No high SP systems;
friction loss. insufficient data on

low SP systems

Face velocity Redesign filters, coils, etc., to reduce N No high SP systems;
friction loss by operating at lower face insufficient data on
velocities, low SP systems
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TABLE1.1. (contd)

Passed
Prel im-
i nary

Screening
EROName {RO Pesqrlptton (Y/N) . Comment

PUMPSANDPUMPMOTORS

Align shafts Align shafts and replace coupling with N This is primarily an
high-efficiency coupling. O&Mmeasure

Reduce hours Install clock, EMCSswitch or other N Most pumpsoperate on
control meansto reduce operating hours, demand

Efficient motor Replace motor with high-efficiency model. Y

Trim 'mpeller Replace (or trim) impeller and reduce N Insufficient data
motor size to match actual load.

Two-speed motor Replace exlsttngmotor with two-speed Y
motor and controller,

Variable-speed drive Install variable frequency motor drive N Use alternate ERO-
and control to modulate fluid flow; also two speed motor
reduce motor size if appropriate.

Variable-speed, elec- Replace existing motor with variable- N Use alternate ERO-
tronically commutated motor speed electronically commutatedpermanent two speed motor

magnet (VS ECN) motor and control; also
reduce motor size if appropriate,

Adjust VSDsetpolnt Adjust VSD control setpotnt for lower N
speed operation.

Pipe transitions Redesign system wtth long radius elbows N Insufficient data
and other low-loss type fittings to
reduce friction loss.

Pipe size Redesign system with increased pipe N Insufficient data
diameter to reduce friction loss.

Fittings Redesign filters, heat exchangers, N Insufficient data
valves, etc., to reduce friction loss by
operating at lower velocity.

REFRI6ERATION(residential/barracks)

Efficient refrigerator Replace existing refrigerator wtth high- N Insufficient resource
efficiency model meeting DOE1993
Appliance Efficiency Standard.

AIR-CONDITIONIN6 (window or packaqe units)

Efficient air-conditioner Replace window or package atr-conditioner N VAFBcooling load is
with high-efficiency model, insignificant

Reduce A/C hours Install clock, EMC$switch or other N VAFBcooling load is
control means to reduce operating hours insignificant
and peak coincident load of air-
conditioner.

1.5



TABLE1.1. (contd)

Passed
Prelim-

inary
Screening

[RO Name [RO Description (Y/N) Comment

L_FT STATIONheatinq/ventllation

Thermostat Replaceon/offcontrolof electric N Not applicable
resistanceheatercontrolwith
thermostaticcontrol.

Ventilationheat recovery Installair-to-airheat exchangerto N Immature technology
preheatventilationair by recovering
sensibleand latentheat from exhaust.

Methanesensor control Providemethanesensor to operate N Immature technology
ventilationfan only when needed to

preventexcessmethane concentrations.

Insulatewalls Installmoisture-resistantinsulationto N Must be preceded by
above-gradewalls and roof {considerthis ventilationcontrol
ERO only after thermostatand ventilation ERO
heat recovery or methane sensor).

RESIDENTIALLIGHTING (interiorand exterior)

Upgrade incandescent to Upgrade incandescent fixture to permanent N Use alternative ERO-
permanent compact fluo- compact fluorescent fixture, replace incandescent
rescent(PCF) fixture with PCF fixture

Replaceincandescentwith Replaceincandescentfixturewith new Y
PCF fixture compactfluorescentfixture.

Upgradefluorescentto T8 Upgradefluorescentto hlgh-efflciencyT8 N Insufficientresource
or similarsystem.

_place fluorescentwith new Replacefluorescentfixturewith new N Insufficientresource
fixture high-efficiencyT8 {or comparable)

fixture.

COMMERCIALLIGHTING

Upgradefluorescentto T8 Upgradefluorescentfixtureto high- Y
efficiencyT8 or similarsystem.

Replacefluorescentwith new Replacefluorescentfixturewith new Y
fixture hlgh-efficiencyT8 (or comparable)

fixture.

De-lamp Replace,modify or move/removefixtures N Few overlit areas at
to reducelightingdensityto level that VAFB
provides correctillumination.

Upgrade incandescentto PCF Upgradeincandescentfixtureto permanent N Use alternativeERO -
fixture compactfluorescentfixture, replace incandescent

with PCF fixture

Replaceincandescentwith Replace incandescentfixturewith new Y
PCF fixture compactfluorescentfixture.
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TABLE1.1. (contd)

Passed
Prelim-

inary
Screening

_ROName ERODescription (Y/N) Comment

Upgrade mercury to high- Replace mercury vapor lamps and ballasts Y
pressure sodium (HPS) with high-pressure sodium lamp and

ballast (or replace entire fixture).

Upgrade incandescent exit Upgrade incandescent exit signs with N More cost-effective to
signs light emitting diode (LED) or fluorescent replace whole unit

exit signs.

Replace incandescent exit Replace incandescent exit signs with LED Y
signs or fluorescent exit signs.

Occupancy sensors Install occupancy sensors to control N Few permanent
lights, applications

Time clocks or photocells Install time clocks or photocells to N Few lighted areas not
control lights, in use or not

otherwise controlled

EMCScontrol Install EMCSor add field panel and N Local control
necessary relays to control lights via preferred
EMCSsystem.

EXTERIORLI6HTING

De-lamp Removeor disconnect bulbs or ballasts to N Few overlit areas at
reduce lighting density to level that VAFB
provides reduced but satisfactory
illumination.

Zoned security lamp circuits Rewire building exterior light circuits N No application
into zones so that night work lights and
security lights are under separate
control.

Motion detectors Install motion detectors tn series with N No application
security light time clock switch so that
selected zones are off except when acti-
vated by motion detectors.

Reprogram time clocks Reprogram existing time clock to turn off N Primarily and
or reduce light level at low traffic operation and
hours, maintenance (08#1)

measure

Install time clocks Install programmable time clock to turn N Clock already in place
off or reduce light level at low traffic or otherwise
hours, controlled

Zoned streetlamp circuits Rewire streetlight circuits into zones N No application
and provide programmable time clock to
turn off or reduce light level at low
traffic hours.

Mercury to HPS Replace mercury vapor lamps and ballasts N Most streetlighttng is
with high-pressure sodium lamp and already HPSand VAFB
ballast (or replace entire fixture), does not have an

overlighting problem
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TABLE 1,1. (contd)

Passed
Prelim-
inary

Screening
_ROName _RODescription (Y/N) Comment

Incandescent to HP sodium Replace incandescent fixture with high- N Most streetlighting is
pressure sodium fixture, already HPS and VAFB

does not have an

overl i ghti ng probl e_n

OCCUPANCY-BASEDCONTROLS(see alsofAN. HVAC)

Occupancy sensor, restroom Install occupancy sensor to control N Insufficient resource
lights and exhaust fan in restroom.

Occupancy sensor, other Install occupancy sensor to control N Insufficient data
lights in hallway, lunchroom, office,
conference room, or other intermittently
occupied area.

Daylight sensor Install daylight sensor to control lights N Areas too small
in hall, foyer, or other area that has
windows and low ambient light
requtre_nt.

Daylight sensor, security Install daylight sensor to control N Insufficient resource
security light(s) in area that has
windows.

Night setback Install time clock to schedule fan, N Not applicable
thermostat set point, and air-conditioner
operation.

CO2 sensor control Install CO_ sensor to control air-handler N Not applicable
and ventilation fans.

Countdowntimer Install countdown timer to control N Not applicable
air-handler and ventilation fans during
normally unoccupied hours.

Occupied mode via EMCS Implement unoccupied schedules for fans N Not applicable
and air-conditioning via EMCS;override
during normally unoccupied hours.

ELECTRICDEMANDCONTROL

Water heater control Install controls to shed electric water N Insufficient resource
heater loads in rotating blocks during
peak demandperiods.

Shed A/C loads Install controls to shed air-conditioning N VAFBcooling load is
loads in rotating blocks during peak insignificant
demandperiods.

Well pump control Transferlift stationand well pumps to N Insufficientdata
emergencygeneratorsduringpeak.

Run motors at low speed Installcontrols to operateexisting N Insufficientdata
variablespeed pumps and fans at low
speed during peak demandperiods.
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TABLE1.1. (contd)

Passed
Prel tro-

tnary
Screentng

_RQ Nam . _RO D_scriotton (Y/N) Comment

Peak shave generator loads ]nstall controls to automatically N Not applicable except
_, =nsfer existing diesel generator loads with South Vandenberg
to generator power during peak demand Power Plant (SVPP)
periods.

Feed grid from generators ]nstall controls and switches to feed N Not applicable except
existing generator output to grid; with South Vandenberg
operate during high demandperiods to Power Plant (SVPP)
reduce peak demand.

SERVICEHOTWATER

New Conventional Gas Water Replace existing gas water heater wtth a Y Family housing units
Heater (76_. 80_, 85_ new conventional gas water heater model, only
efficient)

High [fftctency Gas Water Rep,lace existing gas water heater with Y Residential and
Heater (94X _,,fficient) high-efficiency (well-insulated) model, commercial units

Tank insulation with R-11 Add insulating blanket to provide Y Family housing units
wrap additional tank insulation, only

Tankless heater Replac_ tank type water heaters with N Not cost-effective
tnstant/tankl ess unit.

Low-flow nhower heads Low-flow shower head restricts the volume Y Family housing units
of water passing through, onl#'

Lower hot water temperature Reducedwater temperature reduces energy N This is primrtly an
lost in various hot water-consuming 08#4ERO; user can have
processes including showers, dishwashers, set-point changed if
laundries, etc. desired

Insulate sorvice hot water Typically, service hot water pipes are N Already insulated
pipes copper. Insulation is usually 1/2-inch according to VAFB

glass fiber, and the temperature of the sources
watar is usually 140 OF. ASHRAEstandard
90 A covers the insulation requirements
on service hot water pipes.

Fuel sw_tch to electric Fuel switch from thermal distribution N No thermal
loop to electric watsr heater, distribution loop at

VAFB

Fuel switch _rom electric Install I_)iler to switch from electric to N Insufficient resource
natural gas water heating.

A/C desuperheater Recover heat from air-conditioner by N Insufficient resource
instal I Ing water-cool ed desu#erheater and
cont ro1s.

Refrigeration desuperheater Recover heat from refrigerators by N Insufficient resource
i natal1 ing water-cooled deauperheater and
control s.
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TABLE1.1. {ccntd)

Passed
Pre1 tro-

tnary
Screent ng

_ROName _ROpepcrtotion (Y/N) , Comment

TRANSMISSION& DISTRIBUTION

Phase balance Improve phase balance of feeders and main N Phase balance is
transformers bymovtng loads among satisfactory
phases.

Efficient transfomers Replace transformers wtth high-efficiency Y
models.

Reduce transformer size Reduce transformer size to match load, N Insufficient data
thus reducing standby loss and reactive
power consumption; at VAFB, most trans-
formers service non mission-critical
loads.

Conservation voltage Reduce set point on auto-tap-changing Y
reduction transformer to maintain minimum accept-

able voltage at end of feeder.

Passive power factor Install cxoacitor banks to provide N Reconsider after
correction passive power factor correction, lighting & motor

retrofits

Switched power factor Install capacitor banks, power factor N Reconsider after
correction transducers and automatic switches to lighting & motor

p_vtde auttve power factor correction, retrofits

RF_SIDENTIALHVAC

Whole house fan Install whole house fans to reduce or N VAFBcooling load is
eliminatethe use of windowalr- insignificant
conditioning.

Efficientfurnacemotor Replace furnacefan motor with high- N Insufficientdata
efficiencymotor.

2-speed furnacemotor Replace furnacefan motor with 2-s_ N Insufficientdata
motor.

Ventilationheat recovery Installair-to-airheat exchangerto N Insufficientdata
reduce infiltrationand recoverheat from
ventilationair.

Efficientair-conditioner Replacealr-conditionerwith high- N VAFB cooling load is
efficiencyunit. insignificant

Efficientheat pump Replaceheat pump with hlgh-efficiency N Insufficientresource
unit.

Heat pump Replaceelectric resistanceheat with N Insufficientresource
heat pump.

Fuel switch from electric Switch from electric heat to natural gas N Insufficient resource
by installing fuel burning furnace or
I.C. engine-driven heat pump.
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_J_.LJ_J. (contd)

Passed
Prel im-
Inary

Screening
_ROName _RODe_)cription {Y/N) Comment

RES]_DENTIALAPPlIANCeS

Efficient washer Replace clothes washer with high- N Tenant-owned
efficiency (water miser) unit.

Efficient dryer Replace clothes dryer with high- N Tenant-owned
efficiency untt.

Efficient dishwasher Replace dishwasher with high-efficiency N Immature technology
(water miser) disheasher.

Microwave oven Provide microwave oven to reduce use of N Insufficient data on
convection oven. cooking end use

FREEZEPROTECTIONBy HEAT TAP_

Thermostat Provide thermostatic control (especially N Not applicable; VAFB
water storage tanks) of resists-'- cooling load is
heaters to eliminate continuous instgnificant
operat i on.

Insulate Add insulation to pipes and tanks that N Not applicable
have thermostat i cal] y control led
resi stance heaters.

o_

Preheat combustion air A gas-to-atr heat exchanger, or a heat N Cost-effective for
pipe, used for transferring heat of boilers >60 MBtu/hr
exhaust gases to the primary combustion capacity; insufficient
ai r. resource

Feedwater economizer A gas-to-water heat exchanger consisting Y Cost-effective for
of feedwater tubes located in the path of boilers >3 HBtu/hr
the exhaust stream. Economizer can also capacity
be employed to heat domestic hot water,
space heating water, or process hot
water.

Provide Maintenance of Both gas side and water side deposits can N Too few boilers
economizers reduce the effectiveness of the heat currently have

transfer surfaces. Periodic cleaning of economizers:
the economizer will assist in maintaining insufficient resource.
high heat recovery efficiencies.

Air atomizing burner Proper atomization of fuel oil is criti- N Fuel otl already being
cal to ensure complete combustion itth phased-out where
minimum excess air. Atr-atomizing possible; insufficient
burners use steam or air for atomization, resource
minimizing excess air and unburnt combus-
tibles, and improving boiler efficiency.

Low Excess Air Burners for Burners provide optimal fuel spray and N Fuel oil already being
Oil Burners air flow patterns to achieve both phased-out where

complete combustion and a stable flame possible; insufficient
resource
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TABLE1.!. (contd)

Passed
Prelim-

inary
Screening

EROName ERODescription (Y/N) Comment

Boiler tune-up An annual tune-up is simple, can be Y Considered at all
generally accomplished within a day, and boiler capacities
basically involves adjusting fuel-air
ratios at optimal levels at various load
conditions.

Flue gas analyzer A combination of flue gas analyzers and N Cost-effective for
regular tuning can assist in maintaining boilers >10 NBtu/hr
optimal boiler efficiency. A typical capacity; insufficient

analyzer will monitor 02, CO2. CO, and resource.
exhaust temperature.

Barometric damper Installing an automatic damper will N Only cost-effective
reduce the standby loss in a boiler or a for boilers that cycle
furnace. Whenthe burner is off, the diurnally

damper closes to minimize heat loss
through the stack.

Automatic electrtc damper Installing an automatic damper will Y More expensive initial
reduce the standby loss in a botler, cost but preferred
Whenthe burner is off, the damper closes over the barometric
to minimize heat loss through the stack, damper because of

additional
reliability;
considered at all
botler capacities

Outside/supply air Install controller to reset the steam or N Already installed
temperature reset controller hot water supply temperature based on a

predetemtned schedule. Operating at
lower temperature reduces heat (and
leaking steam) losses.

Newconventional boiler Whenthe retrofit cost of an existing Y Considered for boilers
boiler is uneconomical, boiler >1NBtu/hr capacity
replacement may be considered.

Pulse-condensing boiler Pulse or condensing boilers have an Y Considered for boilers
instantaneous efficiency of over 9l_ and <1HBtu/hr capacity
a seasonal efficiency that is 8)( points
higher than conventional units.

Fire-tube turbulators Turbulators improve overall combustion N Not generally cost-
efficiency in fire-tube boilers, effective;
Efficiency increases due to better heat insufficient resource
transfer and lower stack temperature.

Continuous boiler blowdown Continuous boiler blowdownhas the Y Considered for boilers
system with heat recovery potential to reduce blowdownlosses >6 MBtu/hr capacity

through control of blowdown rate.
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TABLE1.1. (contd)

Passed
Prelim-

inary
Screening

_RO N_me ERODescrtotion (Y/N) Comment

Fuel switch from propane to Switch boiler fuel from propane use to N Not cost-effective to
natural gas natural gas switch-out extsting

propane to natural gas
because of cost-
prohibitive capital
investment that would
be required to bring
in natural gas trunk
and feeder lines to
areas with minimal
propane use

Fuel switch from fuel otl to Switch boiler fuel from oil use to N Fuel oil already being
natural gas natural gas phased-out where

possible; insufficient
resource

pOlLERAUXILIARIES& CENTRALDISTRIpUTZONSYST_HS

Periodic inspection of steam Steam traps need to be inspected at ]east N Not applicable-no
traps once a year. The inspection program central distribution

would 1) identify the types, location and system at VAFB
number of various steam traps, 2) main-
tain some spare parts and spare traps of
each kind, and 3) repair and replace
traps on a routine basis.

Pipe insulation Insulation could be applied to all hot N Not applicable-no
and cold pipes which are either u_tnsu- central distribution
lated, or whose insulation is deterto- system at VAFB
rated and ts currently ineffective.

Heating of fuel oil Depending on the viscosity of fuel otl at N Fuel oil already being
ambient temperature, oil may need to be phased-out at VAFB;
heated, insufficient resource

Insulate hot fuel-oil pipes Lines leading the fuel oil from the N Fuel otl already being
heater to the burner may be insulated to phased-out at Base;
(t) minimize energy loss, and (tt) ensure insufficient resource
that the otl viscosity ts maintained
wtthtn acceptable limits at the burner.

Repair leaking HTIN or steam Leaking HTHWor steam lines are a major N Not applicable-no
lines source of energy loss. The leak rate in central distribution

lb/h is a function of the steam (HTFR/) system at VAFB
pressure and diameter and shape of the
orifice through which Jt leaks.

Heat recovery heat exchanger Various forms of waste heat can be N Not applicable
recovered through appropriately sized
heat exchanger systems.
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TABLE].]. (contd)

Passed
Prelim-

inary
Screening

EROName _RO pe_crlptton (Y/N) Comment

Insulate condensate storage Tanks need to be insulated to prevent N Not applicable
tanks heat loss. Since condensate tank tem-

peratures can be as high as 180 °F,
proper insulation is critical for mini-
mizing heat loss.

VSDfeedwater pump Install variable-speed drive to feedwater H Insufficient resource
pumpcontrolled by steam drum water
level.

VSDcombustion fan Install variable-speed drives for combus- N Insufficient resource
tion air and stack fans controlled by
firing rate and static pressure at
firebox.

Check valves Repair leaking condensate return check N Insufficient resource
valves.

CHI_ERS

Repair check valves Repair leakingcheck valves in lead-lag N Light cooling loads;
pLq_os, insufficientresource

Condenser water reset Add controls to reset condenser water N Light cooling loads;
temperature on outdoor temperature, insufficient resource

Chilled water reset Add controls to reset chilled water N Light cooling loads;
temperature on chiller load. insufficient resource

Parallel compressors Add smaller, efficient compressor to N Light cooling loads;
, obtain efficient operation under light- insufficient resource

to-moderate load.

Efficient chtller Replace chtller with high-efficiency N Light cooling loads;
unit. insufficient resource

PACKAGEHVAC (includinqsplit units)

Expansionvalve control Installimprovedexpansionvalve control; N Light cooling loads;
Replace capillary tube if necessary, insufficient resource

Improve liquid return Replace liquid return with larger line or N Not applicable
install pump ("liquid pressure
amplification").

Parallel compressors Add amaller, efficient compressor to N Light cooling loads;
obtain efficient operation under light- insufficient resource
to-moderate load.

Efficient new unit Replace package or split unit with high- N Light cooling loads;
efficiency unit. insufficient resource

Precooling/reheating heat Install heat pipe to reduce coil load N Light cooling loads;
pipe for latent load while maintaining latent capacity by insufficient resource

precooltng mixed air and reheating supply
air.
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TABLE).|. (contd)

Passed
Pre1 im-

t nary
Screentng

EROName ERODescription (Y/N) Comment

SWIHHINGPOOl,S

Direct fired make-up air Install direct-fired make-up air heater N No application at site
in at r-supported pool enclosures.

Heat pumpdehumidification Install dehumidifying heat pumpto reduce N Insufficient data
ventilation load of enclosed pool.

ENVELOPE

Insulate attic ceilings Batt-type fiberglass insulation and Y Blown-in fiberglass to
in Family Housing units only blown-in fiberglass or cellulose are most increase insulation

frequently used as ceiling insulation, level from R-8 to R-27

Insulate walls in Family Insulate with rigid, non-rigid, poured- Y Blow-in fiberglass to
Housing units only in, or blown-tn insulation. For a wood increase insulation

frame wall or a cavity wall, remove top level from R-11 to R-
strip of siding or drill holes in 19.5
sheathing or inside gyp-board and
completely fi 11 each stud space with
bl own-in insulation.

Insulate slab-on-grade To insulate the slab, tt ,tll be nec- N Not applicable; no
perimeter essary to dig around the building up to frost line

the depth of the frost line or the
footing, whichever is shallower.

Insulate floor above crawl Fiberglass batt or blanket insulation is N Not applicable
space ideally suited for insulating floors

above crawl spaces. Typically, the
insulation is hung using a wire mesh,
nails, and staples. Vapor barrier is
tnstal led against the floor surface prt or

"' to installation of the insulation.

Storm windows/doors and Store windows create a "dead-atr" space N Host windows at the
multi-glazed windows for insulation and also reduce tnfil- VAFBare either

tration. Multi-glazed windows replace double-glazed or
ext sting wtndows, al ready have storm

windows

Movable k/indow Insulation Install Insulated roller-shade with edg:_ N Not applicable
seal s in all 1arge wtndows.

Tinted/reflective window Window tinting or micro-louver screens N Not applicable
film or screen can be applied to an existing window to

reduce solar heat gain.

Insulate supply and return Add fiberglass insulation to supply and N Not applicable
ducts return ducts.

Weatherstripping Install weatherstripping to door and Y Family Housing units
window perimeters to provide a tight seal only
limiting or eliminating infiltration.
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TABLE1.1. (contd)

Passed
Prelim-

inai'y
Screening

ERO Name _RO Description (Y/N) Comment

Caulking A bead of caulk could be appliedto seams Y Family Housingunits
in buildingstructureswhere air can only
infiltrate.

SPACE HEATING

New conventionalfurnace Replacementis cost effective if existing Y Family Housingunits
(76% efficient) furnacesare old and inefficient, only ',

Pulse-condensing Replacementis cost effective if existing Y Family Housingunits
furnace (93% efficient) furnacesare old and inefficient, only

Infrared heaters Providespot or space heatingby overhead N Not applicable
infraredheatingsystem to providecom-
fort with lower air temperatureand cor-
respondinglower envelope conductionand
infiltrationloss; also reducesenergy
used to power fans and pumps.

Space unit heaters Replaceold space heaterwith a new space N Not applicable
heater.

Electric baseboardheaters Baseboardunit providesmore uniform N Not applicable
heating due to placement at base of
exterior walls where heat loss occurs.

Installprogrammable Electronicthermostatsprovidethe means N Insufficientdata
thermostatwith setback to set back temperaturewhen the space is
controls unoccupied or a greater deviation from

normal set point temperature can be
tolerated

Fuel switch from propane to Switch space heating fuel use from N Insufficient data;
natural gas propane to natural gas propane is typically

used in areas far from
natural gas lines

Fuel switch from electric to Switch space heating fuel use from N Insufficient resource
natural gas electricity to natural gas

PROCESS: Fuel and Oxidizer
Vapor Mitiqation Systems

Bubble cap scrubbers Replace hydrazine incinerators at SLC-4 Y
with bubble cap scrubbers

Oxidizer scrubber Replace oxidizer burner at SLC-4Wwith Y Although this measure
oxidizer scrubber is not cost-effective

from a life cycle cost
basis, it was
evaluated at the

request of the
Aerospace Corporation
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TABLEI.|. (contd)

Passed
Prelim-

inary
Screening

ERO Name {RO DssqrlptioP (Y/N) Comment

Corona discharge Installa corona dischargesystem for N Immaturetechnology
fuel vapor mitigation (SLC-4)

Solar detoxification Installa solar d_.toxificationsystem for N Immaturetechnology
fuel vapor mitigation (SLC-4)

PROCESS: Gaseous Nitroqen
Systems

Nitrogengas air compressors Installnatural gas air compressorsto N Site preference- cost
replacenitrogen usage for air tools and of fossil fuel
electricalequipmentpurges (SLC-4) emissionswould offset

energy cost advantage

Extensionof Linde Plant Extend a nitrogenline from the Linde N Site preference-
service Plant to SLC-3 previous problems with

extraction combination

Linde Plant nitrogen Recommendthat Ltnde Plant use nitrogen N Site preference -
extraction extraction process rather than purchasing previous problems with

liquid nitrogen extraction
contamination

Intrinsicsafety barriers Use intrinsicsafetybarriers (where N Insufficientdata
possible) to eliminateinstrumentation
enclosure purges (SLC-4)

Nitrogendistribution Improveefficiencyof nitrogendistri- Y
efficiency butlon system at SLC-4

Electricair compressors Installelectricair compressorsfor Y
electric equipmentpurgesand pneumatic
tools at SLC-4E

Nitrogendistribution Installelectric air compressorsfor Y
efficiencywith electric air electricalequipmentpurges and pneumatic
compressors tools at SLC-4E, in conjunction with

improving distribution efficiency

PROCESS: Vehicle
Cleanroom/ConditionedAir

Desiccant dehumidifier Installdesiccantdehumidifiersystem in N Insufficientdata
946 (X-ray)building

Axial flow fans Retrofit the existing centrifugalfans In N Insufficientdata
the SLC-4EClean EnclosureA/C system
with axial flow fans

Low pressure-dropHEPA Installlow pressure-dropHEPA filters in N Inadequateresources
filters SLC-4EClean EnclosureA/C and Payload

A/C systems

Pneumatic humidifiersfor ReplaceSteam Boilersin SLC-4EClean Y
Clean EnclosureA/C EnclosureA/C with PneumaticHumidifiers
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TABLE 1.1. (contd)

Passed
Prelim-

i nary
Screenl rag

_ROName _RODescription (Y/N) Comment

Pneumatic humidifiers for Replace Steam Boilers in SLC-4E Payload Y
Payload A/C A/C Systems with Pneumatic Humidifiers

Dehumidifier bypass Provide Dehumidi fier Bypass in SLC-4E Y
Payload A/C System

Recirculation air path Provide Recirculation Path for SLC-4E Y
Payload A/C Condtttoned Ai r

TRANSPORTATION

Conversionof fleet vehicles Replacementof gas and dieselAir Force Y
to compressednaturalgas and GSA (GeneralServicesAdministration)
(CNG) fleet with CNGmodels to reduce fuel

costs and emissions
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2.0 ENERGY RESOURCE OPPORTUNITYEVALUATIONS

The results of the analysisof energy resourceopportunities (EROs)are

presentedwithin 10 common energy end-use categories. Boilers and furnaces

are analyzed in Section 2.1, building envelope in Section 2.2, service hot

water in Section 2.3, building lighting in Section 2.4, fan and pump motors in

SLC-4 buildings in Section 2.5, sewage lift stationmotors in Section 2.6,

water well and booster pump motors in Section 2.7, packaged sewage system pump

motors in Section 2.8, transmissionand distributionin Section 2.9, and

transportationin Section 2.10. A narrativedescriptionof each ERO is pro-

vided, includinginformationon the initialcost, energy and dollar savings,

impactson operations and maintenanceand, when applicable,a discussion of

energy supply and demand,energy security,and environmentalissues. A brief

descriptionof the evaluationmethodologiesand technical and cost assumptions

is also included.

At the end of each section,a summarytable presentsthe operational

performanceof energy end-use equipmentbefore and after the implementationof

each ERO. The summary tables also provide the results of the life-cyclecost

(LCC) analysis, includingnet presentvalue (NPV) and value index (VI) of each

ERO. The NPV is defined as the difference betweenthe life-cyclecost of the

existing technology and that of the proposed alternative. The VI is defined

as the NPV divided by the present value (PV) of the installedcost° As a

first-cutselection criteria,EROs with positive NPVs are selected for further

considerationwhile EROs with negativeNPVs are discarded. Because the NPV of

the option of doing nothingto the existing equipmentis zero, for the instal-

lation of new or retrofit equipmentto be economicallyattractive,their NPV

would have to be greater than zero. The VI is used to prioritize EROs and is

only applied to projects deemed cost-effectiveby nature of their positive

NPV. EROs with negative NPVs, therefore,will not have an associatedVI

measurement.

Individual EROs were evaluatedas mutually exclusivemeasures. This

approach allows individualEROs to be ranked or rated based on parameters such

as installedcost, NPV, energy savings, and changes in operations and

maintenance (O&M) requirements. In addition,this evaluationapproach permits
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direct economic comparisonof competingEROs (e.g.,new conventionalfurnace

versus high efficiency,pulse-condensingfurnace). Between EROs that are not

mutually exclusive (such as retrofittingan existing boiler with a feedwater

economizeror installinga new conventionalboiler), the ERO with the higher

positive NPV will be consideredfurtherwhile the ERO with the lower NPV will

no longer be considered.

The 1992 discount rate of 4.6 percent (NIST 1992) was used in this anal-

ysis. This rate is a reflectionof the discount rate for U.S. Treasury Bonds

and varies slightly from year-to-year. The relative ranking of EROs with

positive NPVs (see Table 4.5) should not be affectedto a large extent from

this variablediscount rate. For consistencyin this analysis, installed

costs are in 1992 dollars (19925)and the fuel escalationrates are determined

with the appropriate1992 index by fuel type (NIST 1992).

Replacementor retrofit of existing technologieswere evaluated on a

replace-immediately(RI) or a replace-on-failure(ROF) basis or both depending

on the average approximateage of the existing equipment,the remaininguseful

life of the existing equipment,and the life expectancyof new equipment. All

EROs can be evaluatedon an RI basis. EROs that analyzeequipmentwith

remaininguseful lives greater than the life expectancyof new equipmentcan

only be evaluatedon an RI basis because the existingequipmentwould not be

expected to fail during the 25-year analysis period (as mandated by 10 CFR

Part 436, which requires all federalenergy decisionsto use LCC analysis

methodology). If, however,the existing equipmentis expected to fail during

the 25-year analysis period,the EROs associatedwith this equipmentcan be

evaluatedon an ROF basis. In addition,existing equipmentwith an average

approximateage greater than the life expectancyof new equipment are assumed

in this analysis to have zero remaininguseful life left.

The maintenance cost given for new or retrofit EROs is the incremental

cost difference between the cost of maintainingthe existingequipment and

that of maintainingnew or retrofittedequipment. Because the maintenance

cost of new or retrofittedequipmentis often the same as the cost to maintain

the existing equipment, this incrementalmaintenancecost is often zero.
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The identification (ID) code found in tables throughout this report

delineates EROswithin a given category (such as space heating or lighting)

with identifiers such as capacity, fuel type, and fixture type. This code

supplies information necessary to understand the various levels from which

this analysis was carried out.

Electricity demand savings were included in this analysis for the fol-

lowing EROequipment types were relevant: lighting, fans, pumps, motors,

process equipment, and transmission and distribution (T&D). Essentially, if

EROswith these equipment types contributed to peak demandreduction (as

measured in reduced peak kW load), then demandsavings were included in the

economic analysis.

2.1 BOILERS AND FURNACES

This sectioncovers those EROs that pertain to replacing existing

boilers and furnaceswith new conventionaland high efficiency pulse-

condensing units as well as retrofitsto existing boilers using feedwater

economizers,tuneups, automaticelectric dampers, and continuous boiler

blowdown.

Feedwatereconomizersare evaluatedin Section 2.1.1, boiler tuneups are

evaluated in Section 2.1.2, automaticelectricdampers are evaluated in

Section 2.1.3, new conventionalboilersare evaluated in Section 2.1.4, new

pulse-condensingboilers are evaluated in Section 2.1.5, continuousboiler

blowdown systems are evaluated in Section2.1.6, new conventionalfurnaces are

evaluated in Section 2.1.7, and new high-efficiencyfurnaces are evaluated in

2.1.8.

An inventorylist of natural gas and propaneboilers containing capac-

ity, location, and fuel type was provided by VAFB personnel early in this

project. This inventory,along with site visits by PNL staff to examine

equipment first-handand discussionswith VAFB personnel, helped identify the

necessary informationneeded for this analysis. Nearly 200 naturalgas and

propane boilerswith greater than I MBtu/hr capacitywere identifiedat VAFB

for replacementor retrofit. These boilers have an average approximateage of

15 years and a remaininglife of 25 years. While some fuel oil boilers still
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exist, they are few in number and are alreadybeing phased-outwherever pos-

sible because of the stringentemissionsstandardsregulatinguse of this

fuel.

All EROs associatedwith this sectionhave similaror identicalimpacts

inthe area of energy or operations securityand implicationsfor environ-

mental impact. There would be essentiallyno change in security issues com-

pared with the existing situation. In addition,these EROs will result in

reduced air pollutionassociatedwith reducedfuel consumption. Quantifying

the economic benefits resultingfrom these environmentalimprovementsis,

however, beyond the scope of this study.

2.1.1 Feedwater Economizers

Description

With this retrofit,a gas-to-waterheat exchangerconsistingof feed-

water tubes is installedin the path of the exhaust stream to convert flue gas

waste heat to higher temperaturefeedwater. Flue gas temperaturesare not

cooled below 325oF to minimize corrosiondue to flue particulatecondensation.

Efficienciesincrease0.08 percent per degree increase in feedwatertempera-

ture. This ERO is only typicallyconsideredfor boilers with capacities

greater than 3 MBtu/hr.

Assumptions

Technical assumptionsare as follows:

• Given the age and maintenanceconditionof VAFB boilers greater
than 3 MBtu/hr, the installationof feedwatereconomizerswould
result in a IO0oF drop in stack temperaturewhich correlateswith a
30°F rise in feedwatertemperatureand an overallefficiency
improvementin the boiler of approximately2.5 percent.

• Twenty natural gas boilerswith an averagecapacity of 5.0 MBtu/hr
and two propane boilerswith an average capacity of 8.2 MBtu/hr
were identifiedfor retrofit.

• At boiler capacitiesof 5.0 MBtu/hr and 8.2 MBtu/hr the equipment
and labor installationcost is $6,231 and $9,697 per boiler,
respectively.

2.4



Results

The complete quantitative resu,ts of this EROappear in Table 2.1. The

table contains specific energy, cost, and economic performance data. This ERO

affects a total of 22 boilers with capacities greater than 3 MBtu/hr.

Budqet Implic_tions. The estimated initta] cost of the measure is

$124,616 for the natural gas boilers and $19,393 for the propane boilers.

Enerav and cost $avinqs. It is estimated that this EROwill result in

an annual energy savings of 2,293 HBtu at a net present value (NPV) of

$134,606 for natural gas botlers and annual energy savings of 736 HBtu at a

NPVof $22,327 for propane boilers.

Ooera_,on and Hqintenance. The impact of this EROon maintenance

requirement i_ considered to be negligible.

2.1.2 Boiler Tune-ue

Descri Dt ion

A,_ annual boiler tune-up will tnclude mechanical adjustments to controls

(linkage, control elements, contYo'ller), refractory repair, and cleaning or

replacing of burner tips. Once the mechanical adjustments are complete, the

operating conditions can be adjusted to increase efficiency. This ERO is
typically considered for botlers of a11 sizes.

AssumDtions

Technical assumptions follow:

• The extent of _fftciency improvement by tuning a boiler is based in
part on the period of time since the previous boiler tune-up.
Personnel at VAFB indicated that they were not sure when the 1ast
boiler tune-ups occurred and, therefore, the assumption was made
that the 1ast complete tune-up occurred somewhere between 2 and 10
years ago. This EROshould be applted annually and will result in
an average annual efficiency improvement of ! percent given the
age, capacity, and average time from 1ast complete tuneup. Larger
efficiency improvements will be possible in the initial years with
degradation of impact on efficiency over time.

° 148 natural gas boilers with an average capacity of 1.4 HBtu/hr and
20 propane boilers with an average capacity of 1.6 HBtu/hr were
identified for tune-up.
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• The reported annual maintenance cost of a boiler tune-up varies
between $100/boiler and $500/boiler for units wtth capacities in
the size range identified at VAFB. With average VAFBboiler
capacities of 1.S MBtu/hr, the annual maintenance and labor cost is
approximately $250 per boiler.

Results

The complete quantitative results of this EROappear in Table 2.1. The

table contains specific energy, cost, and economic performance data. This ERO

affects a total of 168 boilers with average capacities of approximately 1.5

MBtu/hr.

Bqdget Implications. The estimated annual maintenance cost is for this

measure is $37,000 for the natural gas boilers and $5,000 for the propane
b_ilers.

Enerqv and Cost Savinqs. It is estimated that this EROwill result in

an annual energy savings of 1,651MBtu at a NPV of ($347,959) for natural gas

boilers and annual energy savings of 293 MBtu at a NPVof ($43,658) for pro-

pane boilers. Values in parentheses indicate negative values. As these

results indicate, annual boiler tune-up is not cost-effective at VAFB. While

not specifically analyzed, tuning up boilers on a non-annual maintenanc_

schedule might be a more cost-effective course of action.

Operation _nd Maintenance. While VAFBoperation and maintenance person-

nel have the training and tools necessary to tune-up boilers, somework might

have to be subcontracted because of limitations in the number of staff

available.

2.1.3 Automatic Electric Damoers

Descrtotlon

Installing an automatic electric damper will reduce standby loss in a

boiler. Whenthe burner is off, the damper closes to minimize heat loss

through the stack. This ERO is typically considered for boilers of a11

capacities.

Assumotions

Technical assumptions follow:
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• Given the age, size, and maintenance condition of VAFBboilers, the
overall efficiency improvementthat could be expected is
approximately ;!.9 percent.

• According to VAFBpersonnel, 148 natural gas boilers with an
average capacity of 1.4 HBtu/hr and 20 propaneboilers with an
averagecapacityof 1.6iqBtu/hrwere identifiedfor retrofitwith
automaticelectricdampers.

• At boilercapacitiesof approximately1.5lqBtu/hrthe equipmentand
laborinstallationcost is $150per boiler.

Results

The completequantitativeresultsof this ERO appearin Table2.1. The

tablecontainsspecificenergy,cost,and economicperformancedata. This ERO

affectsa totalof 168 boilerswith averagecapacitiesof approximately

I.5 lqBtu/hr.

BudqetImplications.The estimatedinitialcost for this measureis

$22,0g0for the naturalgas boilersand $3,112for the propaneboilers.

Enerqvand CostSavinqs. lt is estimatedthat this ERO will resultin

an annualenergysavingsof 5,454MBtu at a NPV of $542,113for naturalgas

boilersand annualenergysavingsof 837 MBtu at a NPV of $82,48gfor propane

boilers.

Operationandlqaintenance.The impactof this ERO on maintenance

requirementis consideredto be negligible.

1!.1.4New ConventionalBoilers

Descrip.tion

When the retrofitcost of an existingboileris uneconomical,boiler

replacementmay be considered.The new boilersconsideredin this ERO use

conventionaltechnology.Withthe capacityspecifiedbelow,the new boilers

have an overallefficiencyof approximately88 percent. This ERO is typically

only consideredfor boilerswith capacitiesgreaterthan I MBtu/hr.

Assumptions

Technicalassumptionsfollow:
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• Given the age, size, and maintenance condition of VAFBbr_=lers, the
overall efficiency improvement that could be expected i_
approximately 5.6 percent.

• According to VAFBpersonnel, 60 natural gas boilers with an average
capacity of 2.9 MBtu/hr and 7 propane boilers with an average
capacity of 3.7 MBtu/hr were identified for replacement with new
convent i onal boi 1ere.

• At boiler capacities of 2.9 MBtu/hr and 3.7 MBtu/hr the equipment
and labor installation cost is $17,636 and $20,643 per boiler,
respectively.

Results
Q

The complete quantitative results of this EROappear in Table 2.1. The

table contains specific energy, cost, and economic performance data. This ERO

affects a total of 67 boilers with average capacities greater than 1 MBtu/hr.

Budqet Implications. The estimated initial cost for this measure is

$1,058,185 for the natural gas boilers and $144,502 for the propane boilers.

Enerqy and Cost Savinqs. It is estimated that this EROwill result in

an annual energy savings of 8,937 MBtu and a net present value (NPV) of

$61,501 for natural gas boilers and annual energy savings of 1,331 MBtu at a

NPV of $18,288 for propane boilers.

Operation and Maintenance. The impact of this EROon maintenance is

considered to be negligible.

2.1.5 New P&llse-Cqndensina Boilers

Description

When the retrofit cost of an existing boiler is uneconomical, boiler

replacement may be considered. The new boilers considered in this EROuse

pulse and condensing technologies. Pulse combustion burns the fuel-air

mixture in an oscillatory manner which significantly increases convective heat

transfer. By condensing flue gas, more energy is extracted from the combus-

tion process and applied to heating the water or steam media used for space

heating. Both technologies increase overall efficiencies over conventional

technologies. With the capacity specified below, the new boilers have an
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overall efficiency of approximately95 percent. This ERO is only typically

considered for boilerswith capacitiesless than I MBtu/hr.

Assumptions

Technicalassumptionsfollow:

• Given the age, size, and maintenancecondition of VAFB boilers, the
overall efficiency improvementthat could be expected is
approximately8 percent.

• Accordingto VAFB personnel,88 natural gas boilers with an average
capacity of 0.4 MBtu/hr and 13 propane boilers with an average
capacity of 0.4 MBtu/hr were identifiedfor replacementwith new
pulse-condensingboilers.

• At boiler capacitiesof 0.4 MBtu/hr the equipmentand labor
installationcost is $8,438 per boiler, respectively.

Results

]he completequantitativeresultsof this ERO appear in Table 2.1. The

table contains specific energy, cost, and economic performancedata. This ERO

affects a total of 101 boilerswith average capacities0.4 MBtu/hr.

Budget Implications. The estimatedinitialcost for this measure is

$742,523 for the naturalgas boilers and $I09,691 for the propane boilers.

EnerQY and Cost Savinqs. lt is estimatedthat this ERO will result in

an annual energy savings of 2,582 MBtu an a NPV of ($335,524)for natural gas

boilers and annual energy savingsof 381MBtu at a NPV of ($4g,965)for

propane boilers.

Operation and Maintenance. The impact of this ERO on maintenance

requirement is consideredto be negligible.

2.1.6 Continuous Boiler Blowdown

Description

Continuous boiler blowdown has the potentialto reduce blowdown losses

through control of blowdown rate and involvesretrofittingthe boiler with

control equipment. This ERO is only typicallyconsidered for boilers of

greater than 6 MBtu/hr capacity.
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Assumptions

Technical assumptions follow:

• Given the age, size, and maintenance condition of VAFBboilers, the
overall efficiency improvement that could be expected is
approximately 2 percent.

• According to VAFBpersonnel, 5 natural gas boilers with an average
capacity of 8.3 HBtu/hr and 2 propane boilers with an average
capacity of 8.2 HBtu/hr were identified for retrofit with
continuous boiler blowdown systems.

° At boiler capacities of 8.3 HBtu/hr and 8.2 MBtu/hr the equipment
and labor installation cost is $7,980 and $7,920 per boiler,
respectively.

Results

The complete quantitative results of this EROappear in Table 2.1. The

table contains specific energy, cost, and economic performance data. This ERO

affects a total of 7 boilers with average capacities greater than 6 MBtu/hr.

Budaet _mplications. The estimated initial cost for this measure is

$39,900 for the natural gas boilers and $15,840 for the propane boilers.

Enerav and cost savinas, lt is estimated that this EROwill result in

an annual energy savings of 762 NBtu at a NPV of $45,880 for natural gas

boilers and annual energy savings of 301HBtu at a NPV of $17,758 for propane
boilers.

ODeration and Maintenance. The impact of this EROon maintenance

requirement is considered to be negligible.

2.1.7 )ew Conventional Furnaces

Description

When retrofit costs of an existing furnace is not economical, furnace

replacement may be considered. The new furnaces analyzed in this EROuse

conventional technology and have an overall efficiency of 76 percent. Gener-

ally, this ERO is considered economical for furnaces with capacities between

0.01 and 0.20 HBtu/hr. The 1,913 natural gas furnaces with capacities of

approximately 0.05 HBtu/hr capacity were identified at VAFBfor replacement in
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family housing units. The existing furnaces have an average approximateage

of 10 years and a remaining useful life of ]0 years.

Assumptions

Technical assumptionsfollow"

• Given the age, size, and maintenanceconditionof VAFB furnaces in
the family housing area, the overall efficiency improvementthat
could be expected is approximately14 percent.

• In family housing, ],913 furnaceswith capacitiesof approximately
0.05 MBtu/hr were consideredfor replacementwith new conventional
furnaces with overall thermal efficienciesof 76 percent

• At furnace capacitiesof 0.05 MBtu/hr the equipment and labor
installationcost is $592 per furnace.

Results

The complete quantitativeresults of this ERO appear in Table 2.1. The

table contains specific energy, cost, and economic performancedata. This ERO

affects a total of 1,913 furnaceswith an average capacity of 0.05 MBtu/hr.

Budaet Implications. The estimated initialcost for this measure is

$1,133,037for the natural gas furnaces.

Enerav Bnd Cost savinqs, lt is estimatedthat this ERO will result in

an annual energy savings of 9,708 MBtu and a NPV of ($246,578)for the natural

gas furnaces.

Operation and Maintenance. The impact of this ERO on maintenance

requirementis consideredto be negligible.

2.].8 New Pulse-CondensinqFurnaces

Description

When retrofit costs of an existing furnace is not economical,furnace

replacementmay be considered. The new furnaces analyzed in this ERO use

pulse and condensing technologiesand have an overall efficiencyof 93 per-

cent. Generally,this ERO is consideredeconomical for boilerswith capaci-

ties between 0.0] and 0.20 MBtu/hr. The ],9]3 naturalgas furnaces with

capacitiesof approximately0.05 MBtu/hr capacity were identifiedat VAFB for
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replacementin family housing units. The existing furnaces have an average

approximateage of 10 years and a remaininguseful life of 10 years.

Assumptions

Technical assumptionsfollow:

• Given the age, size, and maintenanceconditionof VAFB furnaces ing
the family housing area, the overall efficiencyimprovementthat
could be expected is approximately31 percent.

• In family housing, 1,913 furnaces with capacitiesof approximately
0.05 MBtu/hr were consideredfor replacementwith new pulse-
condensingfurnaces with overall thermal efficienciesof 93
percent.

• At furnace capacitiesof 0.05 MBtu/hr the equipmentand labor
installationcost is $1,640 per furnace.

Results

The complete quantitativeresultsof this ERO appear in Table 2.1. The

table contains specific energy, cost, and economicperformancedata. This ERO

affectsa total of 1,913 furnaceswith an averagecapacity of 0.05 MBtu/hr.

Budget Implications. The estimated initialcost for this measure is

$3,136,635for the naturalgas furnaces.

Enerqv and Cost Savinqs. It is estimatedthat this ERO will result in

an annual energy savings of 21,497 MBtu and a NPV of ($g2g,294)for the

naturalgas furnaces.

Operation and Maintenance. The impact of this ERO on maintenance

requirementis consideredto be negligible.
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TABLE2.]. Boiler and Furnace EROs

Existing Boiler and FurnaceOperating Parameters

Existing Equipment Est. Present Existing Costs
Ave. Oper. Ave. Energy

Equipment Type by Age Fuel Eff. # of Size Use Energy Maint.
B,oiler Capacity (years) Type _ units _ _yr) {S/vr) (S/vr)

Boilers >3HBtu/hr 15 NG 81 20 5.0 91,717 511,649 0

Boilers >3NBtu/hr 15 P 80 2 8.2 15,402 98,958 0

Boilers; all sizes 15 NG 81 148 1.4 190,038 1,060,137 0

Boilers; all sizes 15 P 81 20 1.6 29,350 193,089 0

Botlers >lHBtu/hr 15 N6 81 60 2.9 159,588 890,270 0

Boilers >lMBtu/hr 15 P 81 7 3.7 23,755 153,281 0

Boilers <lNBtu/hr 15 N6 81 88 0.4 32,284 180,101 0

Boilers <lNBtu/hr 15 P 81 13 0.4 4,769 31,377 0

Boilers >6HBtu/hr 15 N6 80 5 8.3 38,063 212,334 0

Botlers >6MBtu/hr 15 P 80 2 8.2 15,042 98,958 0

Furnaces 10 NG 62 1913 0.05 69,344 386,839 0

NG Natural Gas
P Propane

Boiler and Furnace EROOperating ParametersAfter EROsApplied

Est. Post-ERO Post-ERO Costs
Approx. Oper. Ave. Energy

Age Fuel Eff. # of Size Use Energy Haint.
ID _ ERO Description (years) Type -(Ji.L Units (MBtu/hr) _ (S/vr) (S/vr)

la Economizer >3MBtu/hr 0 NG 84 20 5.0 89,424 498,858 0

lb Economizer >3MBtu/hr 0 P 83 2 8.2 14,666 96,484 0

2a Tuneup; all sizes 0 N6 85 148 1.4 183,138 1,049,538 543,040

2b Tuneup; all sizes 0 P 85 20 1.6 29,057 191,164 73,384

3a Dampers; all sizes 0 NG 84 148 1.4 184,584 1,029,711 0

3b Dampers; all stzes 0 P 84 20 1.6 28,513 187,586 0

4a NewBoiler >lMBtu/hr 0 N6 87 60 2.9 150,651 840,415 0

4b New Boiler >lMBtu/hr 0 P B1 7 3.7 22,424 147,529 0

5a Pulse Boiler <lMBtu/hr 0 N6 89 88 0.4 29,702 165,692 0

5b Pulse Boiler <lMBtu/hr 0 P 89 13 0.4 4,388 28,867 0

6a Blowdown>6MBtu/hr 0 NG 82 5 8.3 37,301 208,088 0

6b Blowdown >6MBtu/hr 0 P 82 2 8.2 14,741 96,979 0

7a NewFurnace 0 N6 76 1913 0.05 59,636 332,682 0

8a Pulse Furnace 0 N6 93 1913 0.05 47,847 266,919 0

2.13



TABLE2.1. (contd)

Boilerand FurnaceERO EconomicParametersAfterEROsApplied

Life-CycleCost

Installed Energy Energy O&M
Cost Fuel Life Savings Savings Savings NPV Value

ll) _R9 DescriotiQn {19925) Twe _ (MBtu/vr) ($/Yr) (S/vr) (199Z$) Index

la Economizer >3MBtu/hr 124,615 N6 40 2.293 12,791 0 134.606 1.08

lb Economizer >3MBtu/hr 19.393 P 40 736 2,474 0 22.527 1.07

2a Tuneup; all sizes 0 N6 1 1,651 10,599 (543.040) (347,959) (a)

2b Tuneup; all sizes 0 P 1 293 1,925 (73.384) (43,658) (a)

3a Dampers; all sizes 22,090 N6 40 5.454 30.426 0 542,113 24.54

3b Dampers; all sizes 3,112 P 40 837 5.503 0 82,489 25.27

4a NewBoiler >lMBtu/hr 1,058,185 NG 40 8,937 49,855 0 61,501 0.06

4b New Boiler >lMBtu/hr 144.502 P 40 1,331 8.752 0 18.288 0.08

5a Pulse Boiler <lMBtu/hr 742,523 NG 40 2,582 14,409 0 (335.524) NA

5b Pulse Boiler <lMBtu/hr 109,691 P 40 381 2,510 0 (49,465) NA

6a Blowdown >6MBtu/hr 39,900 N6 40 762 4,246 0 45,880 1.15

6b Blowdown >6MBtu/hr 15,840 P 40 301 1,979 0 17,758 1.03

7a New Furnace 1,133,037 N6 20 9,708 54,157 0 (246,578) NA

8a Pulse Furnace 3.136.635 NG 20 21,497 119.920 0 (929,294) NA

(a) This option has no installed cost, therefore, no value index can be calculated.
NA: Not Applicable - the VI is not relevant for EROswtth negative NPVs.
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2.2 BUILDING ENVELOPE

This section covers those EROs that pertain to the building envelope,

includingattic ceiling and wall insulationas well as a weatherizationpack-

age which includes both weatherstrippingand caulking. Through discussions

with VAFB personnel and inspectionof various building types by PNL personnel

during site visits, it was determinedthat the family housing building type

had by far the most inadequatelevel of insulationand level of weatheriza-

tion. This fact, which coincideswith the relatively inexpensiveinsulation

methods for the stick-frameconstruction,narrowedthe scope of the analysis

to this building type. The other building types were found, on the average,

to have adequate levels of insulation,includingbarracks that were scheduled

for demolition. Attic insulationwas analyzed in Section 2.2.1, wall insula-

tion in Section 2.2.2, and a weatherizationpackage includingcaulking and

weatherstrippingwas included in Section 2.2.3.

The 1,913 family housing units were constructedan average of 32 years

ago. Their stick-frameconstructionwith open attic spaces allows relatively

easy access for blow-in insulationto be appliedto both the attic and walls.

The effectivenessof adding insulationto the attic and ceiling as well as

weatherizingthe family housing units is evaluatedin this section. Annual

heating degree day (HDD) at VAFB are 3,451oF-day/yr;base 65oF and average

monthly temperaturesfor VAFB were used as a basis for heat loss calculations

(AFM 88-2g, 1978; SERI, 1990).

All EROs associatedwith this section have similaror identical impacts

in the area of energy or operationssecurity,operations and maintenance,and

implicationsfor environmentalimpact. There would be essentiallyno change

in security issues and operationsand maintenancecompared with the existing

situation. In addition,these EROs will result in reduced air pollution

associatedwith reduced fuel consumption. Quantifyingthe economic benefits

resultingfrom these environmentalimprovementsis, however, beyond the scope

of this study.
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2.2.1 Insula.teAttic Ceilings

Description

Both blow-in or batt-typefiberglass insulationcan be applied to the

open attic spaces. This ERO would increasethe insulationlevel from the

averageestimated level of R-8 to R-27 for all 1,913 family housing units.

Assumptions

Technicaland cost assumptionsfollow:

• The average family housingunit has 1,450 ftz of attic area that
could be affected by increasedlevels of insulation.

• Six inches of blow-infiberglass (R-19)will be added to the
existing R-8 insulationlevel _t an installedcost including
material and labor of $0.52/ft% For the age and type of structure
found in family housing units, this incrementallevel of improved
insulationis generally consideredto appropriateand cost-
effective. This results in a total installedcost of $754/family
housing unit.

Results

The complete quantitativeresultsof this ERO appear in Table 2.2. The

table contains specific energy,cost, and economic performancedata. This ERO

will affect 1,913 family housing units with an approximatesquare footage of

2,773,000 ft2 of attic ceiling area.

Budget Implications. The estimatedinitialcost for this measure is

$1,442,402.

Energy and Cost Savings. lt is estimatedthat this ERO will result in

an annual energy savingsof 14,530 MBtu at a NPV of $324,992.

2.2.2 InsulateWalls

Description

While rigid, non-rigid, and poured-in insulationtypes are possible

retrofit insulationmethodswith stick-framewalls, blown-in insulationis

generally consideredthe most cost-effective. Typically,the strip covering

the cavity between the outer and inner walls is removedor a plug is temporar-

ily taken out of the siding to allow the blow-in fiberglass insulationto fill
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each space between studs. This EROwould increase the insulation of the wall

from an average estimated level of R-11 to R-19.5 for all 1,913 family housing
units.

Assumptions

Technical assumptionsfollow:

• The average family housing unit has approximately1,220 ft2 of wall
area that could be affected by increasedlevels of insulation.

• Four inches of blow-infiberglass (R-8.5)will be added to the
existing R-11 insulationlevel of the wall at an installedcost
includingmaterial and labor of $I.23/ft2. For the age and type of
structurefound in family housingunits, this incrementallevel of
improved insulationis generallyconsideredto appropriateand
cost-effective. This results in a total installedcost of
approximately$1,500/familyhousingunit.

Results

The complete quantitativeresults of this ERO appear in Table 2.2. The

table contains specific ._nergy,cost, and economic performancedata. This ERO

will affect 1,913 family housing units with an approximatesquare footageof

approximately2,334,000ft2 of wall area.

Budqet Implications. The estimatedinitialcost for this measure is

$2,867,174.

Enerav and Cost Savings. lt is estimatedthat this ERO will result in

an annual energy savingsof 14,530 MBtu at an NPV of ($1,533,693).

2.2.3 WeatherizationPackaqe-Caulkinq/WeatherstripDin9

Description

Weatherstrippingmaterial is installedaround door and window perimeters

to provide a tight seal to limit or eliminate infiltration. In addition,a

bead of caulk can be applied to seams the building structureswhere air can

infiltrate. By reducing the infiltrationof cold air into the heated space

within the structure,these weatherizationtechniqueswill reduce heating

requirementsand increaseoccupant comfort. This ERO analyzed the weatheriza-

tion package as applied to all 1,913 housing units.
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Assumptions

Technical assumptionsfollow:

• The average family housing unit has approximately11,600 ft3 of
heated space that can be affected by infiltration.

• Energy experts estimate that up to 25 percentof volume"of heated
air within a structurecan be displacedeach hour in poorly
weatherizedbuildings. At VAFB, a conservativedisplacementrate
of 10 percentwas used in the calculations. Total installedcost
includinglabor and materials was $41/familyhousing unit.

Results

The complete quantitativeresults of this ERO appear in Table 2.2. The

table contains specificenergy, cost, and economic performancedata. This ERO

will affect 1,913 family housingunits with an approximatetotal volume of

22,191,000 ft3.

Budqet Implications. The estimated initialcost for this measure is

$78,433.

Enera.yand Cost Savinqs. It is estimatedthat this ERO will result in

an annual energy savings of 3,308 MBtu at an NPV of $261,207.
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TABLE2.2. BuildingEnvelopeEROs

ExistingBuildingEnvelopeParameters

ExistinB Equipment Existin) Costs
Present

Ave. # Energy
Age Fuel R- of Use Energy Haint.

EROT_ _ T_e _ Units (MBtulvr) _ (S/vr)

Insulation in Attic 32 NG 8 1,913 69,344 386,839 0

Insulation in Walls 32 NG 11 1.913 69,344 386.839 0

Weatherization 32 NG NA 1,913 69.344 386.839 0

BuildingEnvelopeParametersAfterERO Applied

Post-ERO Costs
Post-ERO

Ave. # Energy
Age Fuel R- of Use Energy Haint.

II) _RO Descrlptioq (yrs) T_e _ Units (MBtu/yr) _ (S/vr)

la Attic Insulation 0 N8 27 1.913 54.814 305.783 0

2a Insu_ Walls 0 N8 19.5 1.913 61.690 344.141 0

3a Weatherization Pkg. 0 N6 NA 1,913 66,036 368.385 O

BuildingrnvelopeParametersAfterERO Applied

Li fe-C:rcle Cost
Energy Energy O&M

Instal 1ed Fuel Li fe Savtngs Savings Savings NPV Value
Ii) ERO Description Cost (19925) Type (vr) (MBtt,/vr) (S/vr) o(S/vr) {1992$) Index

la Attic Insulation 1.442.402 N6 40 21.497 81,056 O 324,922 0.23

2a Insulate Walls 2.867.174 N8 40 7.664 42,698 0 (1.533.693) NA

2a Weathertz. Pkg. 78.433 N8 40 3,308 18.454 0 261.207 3.33

Notes:

NG: Natural Gas.
NA: Not Applicable - the VI is not relevant .or EROswith negative NPVs.
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2.3 SERVICEHOT WATER

This sectioncoversthoseEROsthatpertainto replacingexistingwater

heaterswith new waterheatersat variousefficiencylevels,wrappingwater

heaterswith additionalinsulationto reducestandbylosses,and installing

low-flowshowerheadsto reducehot waterconsumption.New waterheatersand

insulativetank wrapswere consideredin bothresidential(1,913family

housing,HSG-FAM,buildings)buildingsand in commercialbuildingsshowing

high servicehot water($HW)use (73administration,ADMIN,and 136 research

and development.R/D, buildings).Becauselow-flowshowerheadswere gener-

ally locatedonly in the showersof familyhousingunits,this ERO considered

retrofitpossibilitiesonly in the HSG-FAMbuildingtype.

Waterheaterswith severallevelsof efficiencyaredesignedto meet the

SHW load foundin residentialbuildings.Thesebuildingsrequirerelatively

smallwaterheaterswith low gallonsper hourrecoveryfactors. In the 1,913

familyhousingunits,new, naturalgas 50 gallonwaterheaterswere analyzed

at 76, 80, 85, and 94 percentefficiencylevels. The 94 percentefficient

waterheaterusespulse-condensingtechnologywhilethe othersuse combina-

tionsof conventionaltechnologies.Commercialbuildi,',gsrequirelargerwater

heaters(thisanalysisassumed100galloncapacities)with highergallonsper

hourrecoveryfactors. Througha combinationof conversationswith VAFB per-

sonneland PNL inspectionsit was determinedthatapproximatelyone large,

high-recovery-rate,naturalgas 100gallonwaterheaterwouldbe adequatefor

each average-sizedADMIhand R/D building.All naturalgas-firedwater

heatersconsideredhave an averageapproximateage of 5 yearsand a remaining

usefullifeof 5 years.

All EROs associatedwith thissectionhavesimilaror identicalimpacts

in the areaof energyor operationssecurityand implicationsfor environmen-

tal impact. Therewouldbe essentiallyno changein securityissuesand oper-

ationsand maintenancecomparedwiththe existingsituation.In addition,

theseEROswill resultin reducedair pollutionassociatedwith reducedfuel

consumption.Quantifyingthe economicbenefitsresultingfromtheseenviron-

mentalimprovementsis, however,beyondthe scopeof this study.
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2.3.1 New 76 PercentEfficientResidentialWater Heater

Description

This ERO involvesreplacingthe existinggas water heater with a new 76

percent efficientconventionalgas water heater model. These models have

50 gallon capacities and relativelylow gallonsper hour recovery factors.

They were analyzedfor replacementof the current water heaters located in the

1,913 family housing buildings.

Assumptions

Technical assumptionsfollow"

• Given the age, size, and fuel use of the SHW units currently in
place in family housing, their current efficiency is 75 percent.
The overall efficiencyimprovementthat could be expected,
therefore, is I percent.

• Residentialwater heaters with 50 gallon capacity,low gallons per
hour recovery factor, and 76 percentefficiency cost $270 for
equipment and installationlabor each.

Results

The complete quantitativeresultsof this ERO appear in Table 2.3. The

table contains specificenergy, cost, and economic performancedata. This ERO

affects a total of 1,913 water heatersat 50 gallon capacity.

Budqet Implications. The estimatedinitialcost for this measure is

$516,510 for the 76 percentefficientnaturalgas water heaters.

Enerqv and Cost Savinqs. lt is estimatedthat this ERO will result in

an annual energy savingsof 557 MBtu and an NPV of ($273,374)for the 76 per-

cent efficientnatural gas water heaters.

2.3.2 New 80 Percent [fficientRe_idQntialWater Heater

Description

This ERO involvesreplacingthe existinggas water heater with a new 80

percent efficientconventionalgas water heater model. These models have

5 gallon capacities and relativelylow gallonsper hour recoveryfactors.
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They were analyzed for replacement of the current water heaters located in the

1,913 family housing buildings.

Assumptions

Technical assumptions follow:

• Given the age, size, and fuel use of the SHWunits currently in
place in family housing, their current efficiency is 75 percent.
The overall efficiency improvement that could be expected,
therefore, is 5 percent.

• Residential water heaters with 50 gallon capacity, low gallons per
hour recovery factor, and 80 percent efficiency cost $349 for
equipment and installation labor each.

Results

The complete quantitative results of this EROappear in Table 2.3. The

table contains specific energy, cost, and economic performance data. This ERO

affectsa total of 1,913 water heaters at 50 gallon capacity.

Budaet Implications. The estimated initialcost for this measure is

$667,637 for the 80 percentefficientnatural gas water heaters.

Enerav and Cost Savinqs. lt is estimated that this ERO will result in

an annual energy savingsof 2,787 MBtu and an NPV of ($302,217)for the 80

percentefficient naturalgas water heaters.

2.3.3 New 85 Percent EfficientResidentialWaterH_ater

D_scription

This ERO involvesreplacingthe existing gas water heater with a new

85 percent efficient conventionalgas water heater model. These models have

50 gallon capacities and relativelylow gallons per hour recovery factors.

They were analyzed for replacementof the currentwater heaters located in the

1,913 family housing buildings.

Assumptions

Technical assumptionsfollow:

• Given the age, size, and fuel use of the SHW units currently in
place in family housing, their currentefficiency is 75 percent.
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The overall efficiency improvement that could be expected,
therefore, is 10 percent.

• Residentialwater heaterswith 50 gallon capacity,low gallons per
hour recovery factor, and 85 percentefficiency cost $368 for
equipmentand installationlabor each.

Results

The completequantitativeresultsof this ERO appear in Table 2.3. The

table contains specific energy, cost, and economic performancedata. This ERO

affectsa total of 1,913 water heaters at 50 gallon capacity.

Budqet Implications. The estimated initialcost for this measure is

$703,984 for the 85 percent efficientnatural gas water heaters.

Enerqy and Cost Savinqs. lt is estimatedthat this ERO will result in

an annual energy savingsof 5,574 MBtu and an NPV of ($253,448)for the

85 percent efficientnaturalgas water heaters.

2.3.4 New 94 Percent EfficientResidentialWater Heater

Description

This ERO involves replacingthe existing gas water heater with a new 94

percentefficient pulse-condensinggas water heater model. These models have

50 gallon capacities and relativelylow gallons per hour recovery factors.

They were analyzed for replacementof the current water heaterslocated in the

1,913 family housing buildings.

Assumptions

Technical assumptionsfollow:

• Given the age, size, and fuel use of the SHW units currentlyin
place in family housing,their currentefficiency is 75 percent.
The overall efficiency improvementthat could be expected,
therefore, is 19 percent.

• Residentialwater heaterswith 50 gallon capacity,low gallons per
hour recovery factor, and 80 percentefficiencycost $1,200 for
equipment and installationlabor each.
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_sults

The complete quantitativeresults of this ERO appear in Table 2.3. The

table contains specific energy,cost, and economic performancedata. This ERO

affects a total of 1,913 water heaters at 50 gallon capacity.

Budget Implications. The estimated initialcost for this measure is

$2,295,600 for the 94 percent efficientnaturalgas water heaters.

Enerav and Cost Savinqs. lt is estimatedthat this ERO will result in

an annual energy savingsof 10,592 MBtu and an NPV of ($1,014,198)for the 94

percent efficientnatural gas water heaters.

2.3.5 New 80 Percent EfficientCommercialWater Heater

Description

This ERO involvesreplacingthe existing gas water heater with a new 80

percent efficientconventionalgas water heater model. These models have 100

gallon capacities and high gallons per hour recoveryfactors. They were

analyzed for replacementof the currentwater heaters located in the 73 ADMIN

and 136 R/D buildings.

Assumptions

Technical assumptionsfollow:

• Given the age, size, and fuel use of the SHW units currently in
place in these commercial buildings,their current efficiency is 76
percent. The overall efficiency improvementthat could be
expected, therefore, is 4 percent.

• Commercialwater heaterswith 100 gallon capacity, high gallons per
hour recovery factor, and 80 percentefficiencycost $1,553 for
equipment and installationlabor each.

Results

The complete quantitativeresults of this ERO appear in Table 2.3. The

table contains specificenergy, cost, and economic performancedata. This ERO

affects a total of 209 water heaters at 100 gallon capacity.

Budget Implications. The estimated initialcost for this measure is

$324,577 for the 80 percent efficientnaturalgas water heaters.
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Enerqy and Cost Savinqs. lt is estimatedthat this ERO will result in

an annual energy savingsof 4,108 MBtu and an NPV of ($78,805)for the 80

percentefficient naturalgas water heaters.

2.3.6 Tank Insulationwith R-I| Wrap for Residential/CommercialWater Heaters

Description

This ERO involvesadding an insulationblanketto the water heater to

reduce standby losses. This ERO was analyzedfor retrofit of the 50 gallon

water heaters located 1,913 family housing units and of the 100 gallon water

heaters located in the 209 ADMIN and R/D buildings. Replace-on-failure

options considered insulatinga newly installedtank upon failure of the

existing tank.

Assumptions

Technical assumptionsfollow:

• The residential50 gallon water heatershave a surface area of
38.4 ft2 and tl_ commercial100 gallon water heaters have a surface
area of 44.2 ftz availablefor a retrofitR-11 insulationwrap.

• At an installationand labor cost of $I.64/ft2, the residential
50 gallon water heater wrapping cost is $63 each and the commercial
100 gallon water heater wrapping cost is $72 each.

• From heat transfer calculations,2.54 MBtu/yr can be saved by
installing an R-11 insulationwrap on the 50 gallon residential
water heaters and 2.92 MBtu/yr can be saved by installingan R-11
insulationwrap on the 100 gallon commercialwater heaters.

Results

The complete quantitativeresultsof this ERO appear in Table 2.3. The

table contains specific energy, cost, and economic performancedata. This ERO

affects a total of 1,913 residentialand 209 commercialwater heaters.

Budqet Implications. The estimated initialcost for this measure is

$120,499 for the R-11 insulativewr_p appliedto the 50 gallon residential

water heaters and $15,156 for the R-11 insulativewrap applied to the 100 gal-

lon commercialwater heaters.
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Enerqy and Cost Savinqs. lt is estimatedthat this ERO will result in

an annual energy savingsof 4,859 MBtu and an NPV of $224,328 for the 50

gallon residentialwater heaters and an annual energy savingsof 611MBtu and

a NPV of $28,204 for the 100 gallon commercialwater heaters.

2.3.7 Low-Flow Shower Heads-Residential

Description

This ERO involves adding a low-flow shower head to the shower to reduce

hot water consumptionby restrictingthe volume of water passing through while

maintainingadequatewater pressure. Through consultationwith VAFB personnel

and PNL site inspection,it was determinedthat the 1,913 family housing units

(with an averageof one shower head each availablefor replacement)would be

the most appropriatearea for considerationof this retrofit.

Assumptions

Technicalassumptionsfollow:

• With flow savings of 1.5 gpm of 110°F heated water with the typical
hot water consumptionof a family housing unit, approximately
1.5 MBtu/yr can be saved.

• The cost of each low-flow shower head unit is $20.

Results

The complete quantitativeresults of this ERO appear in Table 2.3. The

table contains specific energy, cost, and economic performancedata. This ERO

affects a total of 1,913 residentialfamily housing units.

Budqet Implications. The estimated initialcost for this measure is

$38,260 for the installationof 1,913 low-flow shower heads.

Enerqy and Cost Savinqs. lt is estimatedthat this ERO will result in

an annual energy savingsof 2,869 MBtu and an NPV of $222,702.
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TABLE 2,3. ServiceHot Water EROs

ExistingService Hot Water Operating Parameters

ExistingEquipment ExistingCosts
Est. Present

Ave. Oper. Ave. Energy
Age Fuel Eff. # of Capacity Use Energy Maint.

Equil_nentTYpe _L_ _ _ units (qallons) _ (S/vr)

HSG-FAMWater Heat. 5 NG 75 1,913 50 55,745 310,397 0

ADHIN, RID Water 5 NG 76 290 100 102,692 571,804 0
Heat.

Existing ServiceHot Water Operating ParametersAfter EROs Applied

Post-ERO Costs
Est. Post-ERO

Approx RI Oper. Ave. Energy
Age or Fuel Eff. # of Cap. Use Energy Haint.

II) EROOescriptign (vrs) RO_..E_ ..Li.J__ _ (MBtu/vr) _

la New 76%Res. WH 0 RI N6 76 1,913 50 55,188 307,293 0

2a New 80%Res. WH 0 RI N6 80 1,913 50 52,958 294,887 0

3a New 85%Res. WH 0 RI N6 85 1,913 50 50,171 279,357 0

4a New 94%Res. WH 0 RI N6 94 1,913 50 45,153 251,421 0

5a New 80%Com. WH 0 RI N6 80 209 100 98,584 548,932 0

6a R-11 Wrap-Res. 0 RI N6 NA 1,913 50 50,886 283,341 0

6b R-11 Wrap-Res. 0 ROF N6 NA 1,913 50 50,886 , 283,341 0

7a R-11 Wrap-Com. 0 RI N6 NA 209 100 102,081 568,402 0

7b R-11 Wrap-Com. 0 ROF N6 NA 209 100 102,081 568,402 0

8a LFSH-Res. 0 RI N6 NA 1,913 50 52,876 294,421 0

Notes:

HSG-FAM: Housing Family building type
ADMIN: Administrationbuilding type
R/D: Research and Developmentbuildingtype
WH: water heater

N6: naturalgas
Res.: Residential
Com.: Commercial
LFSH: low-flow shower head

RI: replace-immediately
ROF: replace-on-failure
NA: not applicable
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TABLE2.3. (contd)

ServiceHot WaterEconomicParametersAfterEROsApplied

Life-CycleCost

Installed RI Energy Energy O&M
Cost or Fuel Life Savings Savings Savings NPV Value

ID ERO Description (19925) RO.__FTYpe (vr) (MBtu/vr) (S/vr) (S/vr), (19925) Index

la New 76% Res. WH 516,510 RI NG 10 557 3,104 0 (273,347) NA

2a New 80% Res. WH 667,637 RI NG 10 2,787 15,510 0 (302,217) NA

3a New 85% Res. WH 703,987 RI N6 10 5,574 31,040 0 (253,448) NA

4a New 94% Res. WH 2,295 600 RI N6 10 10,592 58,976 0 (1,014,198) NA

5a New 80% Com. WH 324,577 RI NG 10 4,108 22,872 0 (78,805) NA

6a R-11 Wrap-Res. 120,499 RI NG 10 4,859 27,056 0 219,844 1.82

6b R-11 Wrap-Res. 120,499 ROF NG 10 4,859 27,056 0 224,328 2.44

7a R-11 Wrap-Com. 15,156 RI NG 10 611 3,402 0 27,636 1.82

7b R-11 Wrap-Com. 15,156 ROF NG 10 611 3,402 0 28,204 2.44

8a LFSH-Res. 38,260 RI N6 25 2,869 15,976 0 222,702 5.82

Notes:

NA: Not Applicable - the VI is not relevant for EROswith negative NPVs
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2.4 BUILDING LIGHTING

Description

Over 21 percent of the electricalenergy suppliedto VAFB is used for

lighting in and around buildingsas determined in Volume 2: Baseline Detail

(Halversonet al. Igg3). Few, if any, of the existing lamps, ballasts, and

light fixtures are as efficientas currentlyavailablecost-effectivelamps,

ballasts,and fixtures. A number of fixture retrofit and fixture replacement

EROs are thereforeevaluated in this section.

Eleven groups of EROs based on building types for building interior and

some exterior lighting are discussed in this section. Street lighting and

most exterior building and lot lighting is either alreadyenergy efficient by

using mostly high pressure sodium lamps or is in the process of being replaced

with energy efficientlighting as part of ongoingVAFB projects.

This set of EROs consists of replacingor retrofittinga majority of the

fluorescent,incandescent,and mercury vapor fixtures in most of the buildings

at VAFB. In some cases the existing fixturecan be modified to accept the new

tubes, ballast, and reflector. In other cases, due to fixture type and con-

figuration,the entire fixturemust be replaced.

Data and Assumptions

The eleven lighting ERO groups representthe lighting found in thirteen

building types defined in the Volume 2: Baseline Detail (Halversonet al.

1993). These thirteen building types representover 81 percent of the

building square footage at VAFB. This 81 percent also represents

approximatelyg5 percent of the actual interiorlighting use at VAFB. Of the

remaining 19 percent buildingsquare footage not considered in the analysis,

more than half is consideredto have minimal lightingneeds or other energy

use such as unheated storage, utilityvaults, unmanned plant facilities,small

pump houses, etc. The building type groups representedin the eleven ERO

analysisgroups are defined in Table 2.4.
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TABLE 2.4. BuildingType Groups for LightingERO Analysis

ADMIN Administrationbuilding

BRK/ADM Barracks includes barrackswith administration
and supply,etc.

COMCATN Communications

HSG-FAM Family housing

MTRPOOL Maintenanceshops for cars, trucks, tanks, and
land vehicles

PRDCTN Production/assemblyfacilities

R&D-1 Research and developmentbuildings (operated
on a continuous basis)

R&D-2 Research and developmentbuildings (operated
on an as needed basis for missile launch
activities)

SHOP (+ SHOP-HVY, General, heavy equipment,and weapons
SHOP-WPN) maintenancefacilities includingDepartment of

Engineeringand Housing

TRAINING Training/classrooms(not includingflight
simulatorbuildings)

WHS Warehouse includingcold storage

Analysis data and assumptionscommon to all of the lighting ERO groups

follow. These include data and assumptionsthat effect energy consumption,

costs, environmentalissues and security.

• Lighting Technology ScreeningMatrix (LTSM). The first costs of
fixture upgrades (eitherreplacementor retrofit)that are feasible
for a given type of existing fixtureare determinedusing data from
the LTSM database. The per-fixturewattage and maintenance
requirementsfor each existing and post-retrofitconfigurationare
also determined using the LTSM database. The LTSM is a software
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package developed by Pacific NorthwestLaboratory (PNL) for the
Department of Energy (DOE) in supportof the Federal Relighting
Initiativeto assist federal governmentfacilities in their efforts
to comply with mandated (10 CFR Part 436) life-cyclecosting for
energy efficientinvestments. The LSTM is a DOS-basedsoftware
tool that calculatesthe life-cyclecost of an existing fixture and
of a large number of potentialenergy-efficientreplacements,both
for one-on-onereplacementsand on a lumen-equivalentbasis.

The LSTM can be used to evaluate retrofitsfor many common con-
figurationsof fluorescent,incandescent,and exit lighting systems for
any level of operation,electricityprice, discount rate, and utility
rebate program. The full set of outputs that the LSTM provides for
existing lighting system and each retrofit alterative are shown below:

Fixturename Value of Ist year savings
Fixturecode Annualized ballast cost
Activity type Annualized lamp cost
Lumen ratio Annualized total O&M cost
Watts Annualized capital cost
Ballast Life (yrs) Annualizedenergy cost
Lamp life (yrs) Annualizedtotal cost
Installedcost Life-cyclecost
Rebate value Levelizedenergy cost
Annual kWh savings Net presentvalue (LSTM, 1993).

• Fixture Modificationvs. FixtureReplacement. Fixturescan be
upgraded by replacingselectedparts (ballast,lamp, reflector, or
lens) or by replacingthe entire fixture. The former approach
(replacementof selected parts) will be referred to as "retrofit,"
the latter as "replacement,"and both as a fixture "upgrade."The
best option for a given upgrade is determinedby the relative costs
in the LTSM except when site-specific(usuallyimplementationlabor
or maintenancerelated) conditionsdictate otherwise.

• Operating Hours. The hours of operationof interior lights were
determined by building type group based on informationgathered
from VAFB and other regional and nationallighting utilization
data. The primary hours of operationof the majority of lights for
on-, mid-, and off- peak utility periods and the percent that
lights are on is summarizedby building type in Tables 2.5 and 2.6
for occupied and unoccupiedperiods. The "percent on" numbers
indicatethe average fraction of lights turned on during occupied
and unoccupiedhours. Some lightingwithin buildingsoperates more
or fewer hours than the majority of lights (exit lights, storage,
etc.). These lights have hours of operationapplied that are
appropriateto their use within all building types.
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TABLE_.5. Primary Lighting Hours of Operation Per Year and
Percent on for Occupied Periods

Hours Percent
Bldg Hours Hours Off Lights
Type On Peak Mid Peak Peak On

ADMIN 650 ]560 390 70

BRK/ADM 390 910 650 40

COMCATN 650 1560 390 70

HSG-FAM 390 910 650 40

MTRPOOL 650 1560 390 70

PRDCTN 650 1560 390 70

R&D-1 650 1560 390 70

R&D-2 217 520 130 70

SHOP 650 1560 390 70

TRAING 650 1560 390 70

WHS 650 1560 390 70

WHS-CLD 650 1560 390 70

• O&M costs are includedin this analysisfor the family housing lighting
(Table 2.13) becausethe use of compactflourescentsin housing areas
may require Base-sponsoredlamp replacement,procurement,or disposal
costs. In addition,compact flouresc_ntsuse in family housingmay
require Base-supportedlamp replacementto ensure the use of more
efficient, but higher installedcost, compact flourescenttechnology.

• Fixture Type and Quantity. The existingfixture inventorywas
estimated for each buildingtype. While detailed informationwas
available for some buildingsfrom site visits or plans, the light-
ing in the majority of the buildingscould not be rigorouslyestab-
lished with availableresources. Estimatesof the existing
lighting stock were, therefore,developedbased on walk-through
audits of representativebuildingsand lighting plan drawings. The
informationfrom these walk-throughaudits and lighting plans were
used to derive prototypicalfixture counts and details for each
building type represented. These countswere in turn used to
extrapolateto total fixtures within a particularbuilding type
based on total VAFB square footage. This approach assumesthat all
of the buildingsof a given type have the same fixture types,
distribution,and use. Since the omittedbuilding types represent
a relatively small fractionof the total lighting energy, the
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TABL(_2.6. Primary LightinE Hoursof Operation Per Year and
Percent on for UnoccupiedPeriods

Hours Hours Percent
Btdg Hours Mid Off Lights
Type On Peak Peak Peak On

_DHIN 130 130 5900 18

b,i _ADM 390 780 5640 10

COMCATN 130 130 5900 18

HSG-FAM 390 780 5640 10

MTRPO01 130 130 5900 18

PRDCTN 130 130 5900 18

R&D-1 130 130 5900 18

R&D-2 43 43 1967 18

_HOP 130 130 5900 18

TRAING 130 130 5900 18

WHS 130 130 5900 18

WHS-CLD 130 130 5900 18

numbers in the accompanyingtables are believed to reasonably
characterize existing lighting at VAFBand the potential for efficiency
improvementswith available technologies.

• Existing Balla_s. The ballasts used in all existing fluorescent
fixtures are considered to be standard 60-Hz inductive ballasts.

• Light Levels. Existing light levels are adequate or more than ade-
quate for the visual activities conducted in a space unless other-
wise noted. The retrofit fixtures will provide the samelighting
level, or slightly less, and are, in all cases, intended to meet or
exceedminimumfederal lighting level standards. The lumenequiva-
lence of replacement fixtures or .'etrofit packagescannot be deter-
minedexactlyfromthe nominalfixturecharacteristicsdue to
variationsin fixturedesignand the lightingenvironmentand task
requirements.The abilityof a givenupgradeto providean
adequateleveland qualityof lightshoqldbe field-checkedin
typicalapplicationsbeforeproceedingwith a large-scaleretrofit.

• SalvageValue. The salvagevaluefor used fixturesis smalland
has been assumedto be zero. Actualsalvagevaluewill be
reflectedin the cost proposalsof competitiveEnergyService
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Companybidders. It is essential to the project's long-term
success that the old fixtures be removedfrom VAFBto prevent their
re-installation and inefficient use of electric power.

• Haintenance Costs. Maintenancecost savings are expressed as
annud]ized values. Relampingcosts that might occur every 5 years
in the ES-year life of an EROare converted to a present value, and
the present value is then converted to a uniform series of yearly
costs. Maintenance savings are due chiefly to longer lamp lives
(e.g., HPSand fluorescent lamps have a muchlonger l ife than
standard incandescent) that result in lower annual lamp replacement
costs. In cases where the retrofit maintenance cost is only
slightly less than the existing maintenancecost, the savings are
taken to be zero. This results in a slightly conservative estimate
of NPVand resource potential.

• Penetration of EROs. Unless otherwise stated, all feasible
retrofits (100 percent penetration) are assumedto be implemented
in the resource assessmentsfor each ERO.

• Operations and Maintenance (O&lq). The replacement or retrofit of
incandescent fixtures results in reduced maintenance. Delamping
also results in reduced maintenance. All other EROsresult in
post-retrofit maintenance requirements that are identical or nearly
identical to the existing maintenancerequirements.

A!I non-energy 0_1 costs are reported as annualized values based on all
major maintenance costs over the analysis period of 25 years. The
operation of lighting systemswill not be adversely affected by imple-
mentation of any of the EROs. An additional unmeasuredbenefit of the
fixture replacement and retrofit EROsts that conversion to standard
lighting systems over the entire site may eliminate the need to have
multiple types of tubes, ballasts, etc., on hand for repair or
replacement.

• Annualized 0_t costs as reported in tables are dependenton the
operating characteristics (hours of operation) of the lights being
impacted. Therefore, the samefixture type mayhave a different
annualized 0_1 cost from one table to the next, basedon its hours
of operation.

• Energy Security. Noneof the lighting EROshave significant impact
on energy security.

• Environmental Impact. There are no negative environmental impacts
associated with any of the lighting EROs,with the possible
exception of the fluorescent fixture upgradesthat will involve
ballast disposal. Any replaced ballasts that are found to contain
PCBcompoundsmust be properly disposed of. Costs associated with
this process vary but are considered to be around $6 per ballast in
quantities of 100. In genera], implementing lighting EROswill
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decreasethe needfor electricitythatmay be producedfrom sources
that have environmental impacts.

Results

The quantitative results of the lighting EROassessmentsappear in

Tables 2.7 through 2.20. The tables contain only those lighting fixture types
that were found by the analysis to have life-cycle cost-effective retrofit

options. Factors such as low yearly usage, existing efficient products, and

lack of practical retrofit or replacement options render someexisting fixture
types cost effective and not subject to change.

Eachtable has three separate sections. In each section the existing
and associated retrofit or replacement lighting fixture types are identified
by a unique fixture code number. The first section contains information about

each existing fixture type. The consumptionvalues are extrapolated to repre-

sent the consumptionof all similar fixtures in that building type throughout
VAFB. The secondsection of the table contains similar information about the

proposed retrofit or replacement lighting equipment. Eachproposedretrofit

or replacement is the one determined to be the most life cycle cost effective

by the LTSMsoftware. The last section of the table displays the pertinent
economicparameters of the analysis.

Budaet implications. The total installed cost of implementing the ERO

groups are shownin Table 2.7. This includes the installation and/or replace-
ment of all necessary equipmentand materials and associated labor.
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TABLE 2.7. Total First Cost of ERO Groups

Total
Building InstalledCost
Type (19925)

ADMIN 559,017

BRK/ADM 293,968

COMCATN 1,082,588

HSG-FAM 1,970,296

MTR POOL 110,100

PRDCTN 42,532

R&D-I 178,705

R&D-2 1,315,839

SHOP 245,846

TRAINING 220,199

WHS 693,679

Energy, Demand, and Cost Savinqs. The first year electric energy and

associatedde_nd savings associatedwith the ERO groups are shown in

Table 2.8. These estimatesare based on 100 percent implementationof the ERO

for a typical operatingyear.
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TABLE 2.8. First Year Energy and Demand Savings

First kwh First kW
Year Savings Year Savings Total

Building - Savings Value Savings Value Value
Type _(kWh) _ (kW-mo) (19925)

ADMIN 649,249 34,197 1,739 8,871 43,068

BRK/ADM 296,576 ]5,063 858 4,377 19,440

COMCATN 1,239,886 65,848 3,495 17,825 83,673

HSG-FAM 3,097,430 159,066 ]0,176 5],899 210,965

MTRPOOL 166,741 8,848 468 2,385 11,233

PRDCTN 44,877 2,360 130 664 3,024

R&D-1 233,395 ]2,]29 483 2,465 14,594

R&D-2 1,838,352 97,919 5,274 26,899 124,819

SHOP 284,408 ]5,039 781 3,982 19,021

TRAINING 252,869 13,363 69] 3,527 16,889

WHS 1,150,946 60,929 3,182 16,226 77,155

Operations and Maintenance (0&M) Impacts. Maintenancecost savings for

the ERO groups are shown in Table 2.9. lt is recommendedthat a supply of

high efficiency lighting products such as T-8 lamps and ballasts be kept on

hand for any fixturesnot upgraded as part of these EROs as their lamps,

ballasts or other hardware fail. This will eliminatethe need to stock the

variety of lamps and ballasts used in the older systems and will result in all

fixtures eventually being upgradedwith a minimal administrativeeffort.
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TABLE 2.9. Operations and MaintenanceSavings

Yearly
O&M

Building Savings
.Type (!9925_

ADMIN 34,210

BRK/ADM 24,630

COMCATN 38,728

HSG-FAM 105,140

MTR POOL 3,894

PRDCTN 2,125

R&D-1 24,964

R&D-2 58,202

SHOP 12,207

TRAINING 10,949

WHS 30,486

Enerav Security. The security of energy supply and distributionto VAFB

will not be affectedby implementationof this ERO.

EnvironmentalIssues. In general,the implementationof this ERO will

decrease the need for electricitythat may be produced from sources that have

environmentalimpacts. The disposal of PCB-bearingballastsmay, however,

have to be addressed,as it is not known how many, if any, PCB-typeballasts

exist at VAFB. If virtually all older fluorescentballasts are targeted for

replacementas recommendedin this ERO, the beneficialside effect will be the

proper disposal of all offendingballasts.
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TABLE2.]0. LightingEROsfor AdministrationBuildings

Existing Ughting Operating Parameters
r.ww_ a_mof12_

ExidktO S_ (kWk) C4dincdidmltDeammde(kW-mo)
• ,, ,

Code Flxawe Typt Ewh Uedis Anm Oe_Seek MM.Peak t)it-Pwk _ Mid-Peek Oil-Peek

3 PL 2X4 2-4o 6TU am Lr4-_ omoe 1art',m4 Je, o_ _ 'MI,744 3,a46 NA NA
1 Ft. lX8 2-e6 8TD 171S 2,.q30 oilloe 211,71M 403,712 901,010 3,719 NA NA
4 EXIT - lHC (3)(15) 30 374 kd IkTti4 lO,Ilell _ 135 NA NA

Efficient Ughting Operating Parameters
F.neqpyCmmumptkm akmd 12Moath

F.Nrw ne,o,,_ oplx.uv_ (vmi) Cd_kk,M _ (kW.m)

I-I 'l " I. I ICode _ Fb_ Type _ Uldim /bmi _ M_ _ _ Mid-Peak Off-Pe_k

rL SS4S-ssEl.(; U S.r_ ""_ 'w_,ue ==m,,s'sT 'l,,m,l nA
1 IrL 1](8 _e.4eELC 1:14 2,880 _ 1g_,170 378,100 482,844 2,047 NA NA
4 EXIT - LED • ST4 _ 1,480 3,101 11,'/1le B2 )LA NA

Efficient Ughting ERO Economics
Non.En,qWCom Fir_Yw F-nwW& OemMdkvbe, Lle-Cy_ Coet

,,

Cod, C_ S O&M$ oa.liS u_ yr. (kWh) (kW.._o) (teeaS:) 11_ S) (t_.i__ (lee_ iod,x

3 i._ I&,OQ1 5,944 MA _ 71 &_186 17,802 141_129 0.0,3
1 _ :_o,tr'_ ,ts,7_ tta :to_,7'_ 071 tt_'t_ 4_443 _ 't4a,_ o.M
4 _ 19_HD 0 NA 81_1_1 112 _kl_t 672 _ _
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TABLE2.11. LightingEROs for Barracks/AdministrationBuildings

Existing Ughting Operating Parameters
u.,,c..._ ,.. d,,o,_

F.x_ Equk,m_ (kW_ Cek,,_k_ n.,,,,_ (kW.,,o)

'- iw"il" ! ] ' ICede Fidu_ TYlm _ Anm ¢)s_Pmk _ OW.PNk _ Mid-Peek Off-Peek

ING e0 GUL trm:mo ' t6,1m ' 1"/7,4184

e EXIT- JNC(2)(18) a0 zrr i_l 0.47s 14.020 s2.21s 100 NA NA

Efficient Ughting Operating Parameters
............

r.,,tqwc(....q, tk_ s.m d t2 t4a,,tt_y

C4do _ F'mSa_Type F.4ok _ Am Oe_Pmk MM.Peek Og.PoJ _ M_ Off-Pink
-- • . ,.i,.... ,

...._ 11_i. ru. _,m _ ' wu_ M
ii EXIT - LED 8 277 _ l_]q) _ LT(IO 17 NA NA

Efficient Ughting ERO Economics
.,._.,w co... F_ vw E.we, ,, nm..,d kv..e. _b¢_ c_

pl i

.coets o_ms o_mS L_ yT. (win) (kW.em) (_w_e) (tHe i) (_Nei) S Ond_

• 4e,144 t4.m • NA Wmo M _ 4_ a;m _s_rrs _m
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TABLE2.12. LightingEROsfor CommunicationBuildings

Existing Lighting Operating Parameters
.

r.,_w r..omm,_ lemd12_
__ _¢n) c_mww_m_wmmb _ww-Bw

,,, r iii i

'- I"l"i- I I ICod, Flxtwo TYlP* IZaoh Unh Am _ _ Off-Peek Os-P,_( MId-Peedk Off-Peek
, ,,

10 FL _4 Z-40 sru m m _u_ _z_,m NA NA
9 IrL 1X8 24148TD 17S II_ ollloe 770,790 1,"tlIT,QQ8 _.,1110_ 13_ NA NA

11 EXIT. INC (2X1_ :DO lM d 4,,181 ll_ MAI4_ l? NA NA

Efficient Lighting Operating Parameters,

r.ww r.._m,,c4km _dt2_

, ,,,,i

I-I'l" I __ ICode New Fixture Type FJok Unh Am On-Peek Mid-Peek Off-Peek On,Peek Mid.Pod( Off-Peek

10 nq.zx4 2-_e _ m oe_oe _0,1_ _ a4,ow uze ' NA' NA
• FL 1X8 2414F.LC 134 _ ollloe 840,1"/0 1,3'tl,011 1,044,1B0 10,103 NA NA

11 EXIT. LED 6 lM _ 725 1,,871 _ 11 NA NA

Efficient Lighting ERO Economics
N,m-F.no_C_i_ F_ V_r F.mrW&O_umds_me_ i._ Cy_ c_

Code CaM $ O&M $ O41dN$ _ lR'. (IdIVh) (kW.lnc_ (1002 11_ (lm ii) (1to2 I} $ ktdeK

10 W,
0 tNt,183 "/lk321 4t_e1 NA 1,108_W/' _,,1TI 81,811 le,170 75,062 821,836 0,84

11 ::mt Uie • NA 4o,?ts N 1_ :S4 _ t_,11= 4L=e
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TABLE2.13. LightingEROsfor FamilyHousing

Existing Ughting Operating Parameters
F.MrWCm,mptkm SYmof12_d_y

F.x_Une':qvap,w_ (kWh) Coinok*,_Dem,m_(kW-mo)

w'l'l" I ICode Fimn Type Eaoh UnUe bJ_ O_Pmk MM-Peek Off.Polk O_Pwk Mid-Peak
i

ING iL9GElL ' " 18_1"/II ZI1,18"/' ' NA
18 INC eo CAN eo 1Am _ ntr/' _ IffM2 846 NA NA
14 INC 4-e0 CElL a40 1,1eS HIG O1,810 _ _ 2,_M1 NA NA
13 INC ;I.410WALL la0 :l,t_ HI_ tlJl?0 _ _ 2_101 NA NA
12 INC 2.40 CBL 1_0 11,T/11 _ ZFIS,OIO II14,'/18 1,1ii4,41;m 0,784 NA NA

Efficient Ughting Operating Parameters
F.n_ _ s_d12_

is _,c_ is 1_ HSa LT_ lsMs _ m ,, NA
14 C_L4-,CEiL u t_a HSa _ WOW _m m NA NA
la CFL2-, rBE Fm _ _.m HSa _ _._ _'.m m NA NA
1-, cFLa-. rBE Fm :o tt,'rm HSa _ 1_,m am,1_ 1.m NA NA

Efficient Lighting ERO Economics
NemPEnorgy_ Fk_ Vw FJNcgy& _ IkmAm_Im __

-I= l"t- -I==-II -I- " Iv-cod, cod $ Nm$ O&M$ u_, yr. (vw_ (t0me) line _ (time_) (loesS) Index
,,,,, ,,,

le 4ol,sss 2s,sTs _4s NA 1,,T/2 li_ma s,u7 2qk37_ 22s,7",m 0._
is lea.1_4 _m s_ NA l;_oeo 4a4 _ _.1_ Ik_lO 10.177 _OO
14 183,'/'/I li, lM6 18,194 NA 81q1_31 la _1,811 II,CE0 38,161 a17,428 2.11
ta _eT.TSa ss.s_l 14.7"_ NA Sl_Z_ 1_ m,_11 e,m _s,t_ u4,gr_2 1._
ta _ lm_,ae_ _ NA 1.s4_s _ _ zs._o 1os.4_. l.sN.4os t.am
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TABLE2.]4. Lighting EROsfor Motor Pool Buildings

misting Lighting Operating Parameters
EM_ C_ma_ _dla_

Equki_t (Vn) CoIMidtNDtm_ fraY-mo)

'- l-i'I " i i I i
22 INC 1li0 CElL 180 34 _ 1_181 Ik'rlS e,140 43 NA NA
21 FL;IX4 3..40lTD 147 g _ :lm _ 11,012 le NA NA
20 FL2)(4 2-40 8TD N 20 _ 1,3r3 _ _ adl NA NA
11) FL 1](8 4-_ 8TD 380 120 elmp 21,881 80,481 e0v411) 380 NA NA
18 FL 1X8 3.el 8TD 270 lt8 Mmp 28,211 11111 70,,183 44,3 NA NA
17 FL 1](8 2.4)1811) 175 127 14tt_ 10,EI21 I4,714 _ 1134 NA NA
20 EIaT-INC(2Xll) aO =2 IIII 710 1_134 COM 12 NA NA

Efficient Lighting Operating Parameters
,,

FJ.agyCamiCtkm Sui d 12UonUCy
Sm.gymmu4m_Oppo_Uu_ty O_Vk) CoUmlaeat_.uNU #_V4mo)
,, i ,

" Ii" i'i I I !Code _ Fbdwt TYPe FJoh Utdto Axt8 _ MM..PtJ _ _ M_ Otl1_u4k

i_ IIR lOO I*I=NU 130 lm Ir_11 lZ_II_ ' 141_1_I0 IQ NA NA

22 CFL 27 INTEGRAL UNIT 27 34 elmp 441 1,¢1e0 1,231 I NA NA
21 FL 2X4 2-1"8 ELC REF 18 a _ 1,748 4,018 _ 31 NA NA

20 FL _(4 2-Tit ELC M 20 e411oe tl0 Llm ;_41 16 NA NA
10 FL 1X8 3-_ ELC REJI: _01 120 chop 12,434 _ _ 2111 NA NA
le irL tXS _e4 ELC _t lie emp _e,?M 43,1_e I_IrT4 :to NA NA
17 FL IX8 2-84 ELC 134 127 eh6p 8,1M 18,M2 _ 143 NA NA
;14 EXIT - LED li _ Mit 120 271 1,0_' 2 NA NA

Efficient Ughting ERO Economics

.,,

-- |lt_JL ' F.Id_ i--i F -- r_t_J_ i DeIIID_Id Irr'Bltl_(kWqll_ (lt_ _ i--I T'(t. _) e_l_(t, a v_k_l|Odll

23 1:10_5 184 377 NA

22 le_ _ 204 NA • t_,20s _ m tie m 12,_rr 1_
21 _ _r_ I_ NA 1=,477 _ 7_e t_ t_s 7,,we o.7_
20 2.429 t40 1)4 NA 2,830 • 1lit 4_ tt_ %111t 0.13
_e _koet t_uut 1_ NA _ 1_ _ ms _m _k_ t.o_
11 :I0,121 2,428 1,101 NA _ 118 2,101 lr'/'/ _ _ 0.141
17 1_I 1_ I NA ttk_ 44 ml I 1_04 7,1rr u4

_I 1,700 0 NA ?,_s to =41 le 20O _ 4_
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TABL..E2.15. Lighting EROsfor Production buildings

misting Lighting Operating Parameters

Code FbIw_ Type _ Ualo Area _ Mkl-ilqiek _ On-Peak MM.Peak Oil-Peek

INC 180 W,_L.L 180 4Gi ' " N ' " U
44 IN(: 100 CElL 100 1 ro•lh 10 al li 1 NA NA
=lt FL ;19(44.40 8TD lH 1 gvKd 1:10 ;lm 1,110 2 NA NA

33 FL :D(4 4-40 lTD 1N 40 ¢_oe :i,781 8,744 10,400 M NA NA
38 FL 2)(4 4.40 lTD 104 0 _ 344 1,900 2,.166 18 NA NA
40 FL 2X4 4-40 8TD 140 2 hall _42 8e3 1'1il 4 NA NA
34 FL 3X4 4-40 STD lM 14 immlt 817 7e7 1,'/_ 31 NA NA
37 FL RX4 4-40 811) 190 1 meok 37 H 1li 2 NA NA
3G FL :D(4 4.40 EEF 100 • _ _ 1,071 1,,12 l NA NA
42 FL ;9(4 4..40EEl: 140 8 onioe _ _ l_Mli ? NA NA
41 FL ;D(44-40 EEF 140 14 ¢MUoe _ 18,144 18,104 114 NA NA
43 FL :O(4 4.40 EEF 100 2 kldl 144 4M M4 3 NA NA
26 FL lX4 2-40 lTD M 12 _ Ii_ 1,312 1,679 1• NA NA

al FL lX4 _lO STD H 9 _ 422 944 1,177 7 NA NA
al FL lX4 2-40 STD le 10 kldl ¢104 1,404 1,?lM 11 NA NA
31 FL 1)(4 2-40 FIEF Iii 1 _ 42 al 117 1 NA NA

27 FL lX4 2-40 EEl: Iii 10 olfloe 4B1 _ 1,176 7 NA NA
30 ICLlX4 _ EEF 88 2 kldl 100 2E3 321 2 NA NA

26 EXIT - lHC (2)(15) aO N hall 842 1,117 4,829 • NA NA

Efficient Lighting Operating Parameters
,.., 1,-.--,

_ op_x,_,amy (kWh) Cok,,,kk_ D,mMd, pkW.a,o)

'- fw"i'l" ....I I ICode New Fixlwl Typo _ Uldle Ame On-Peek M_ Oil-Peek On-Peek Mkl-Peek Off-Peek
, ,

47 CFL 27 IHTE(.tRALUNIT 27 ' I 17 • NA
44 CFL 27 _HTEGRALUNIT 27 1 mee_ • • 11' • NA
=lO FL_ 3-TI ELC fiEF 97 1 guard Cii 140 840 1 NA NA

33 FL;0C43-TI ELC HEF 97 40 •4Roe 1,141 4,:BI 8,110 33 NA NA
31 FL2X4 :l-Tl ELC REF 117 0 _ 410 1174 1,116 ? NA NA
40 FL2X4 3-1"8ELC REF 17 2 Imll 130 279 164 2 NA NA

34 IrL 2X4 4-T• ELC 122 14 meoh M2 4?7 1_74 18 NA NA
37 FL_ 4-1"8ELC 122 1 Ilmak I_ 34 77 1 NA NA
34 FL;9(4 3-1"8ELC REF 17 li oilRoe 278 040 777 li NA NA
42 FL 2)(4 l-Tli ELC REF 17 li dlloe _ 141 047 4 NA NA

41 FL 2X4 3-Tli ELC REF 17 M _ _M 9,114 11,007 al NA NA
43 FL ;IX4 3-Tli ELC REF 17 g _ 1_0 =r_ =144 :l NA NA

al FL lX4 2-Tli ELC 16 12 _ :rf3 8"/0 1,041 7 NA NA
al FLlX4 2-Tli ELC 16 li _ _ tl43 781 li NA NA
29 FL 1X4 2-Tli EI.C 16 10 kal 401 104 1,187 ? NA NA
31 FL 1)(4 2-T• ELC 16 1 oWIoe :11 ?3 87 1 NA NA
27 FL 1X4 2-Tli EI.C 16 10 OlROO M1 715 Ml• li NA NA
aO FL 1)(4 2-Tli ELC 16 Z Imll 80 187 al7 1 NA NA
26 190T - LED S M ld I)4 Ma lM 1 NA NA
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TABI_E,2.15. {contd)

Efficient Ughting ER0 Economics

'-'-I-I--"I'- " l-C°d,Cot s _ s _ s Li_ yr. (IdVk) (kW-,m) (Sm ¢) 1_29=¢) (_N2 ¢) (mm) Inm,x

, -- 3 NA
44 26 2 2 NA 80 1 4 4 8 103 :LH
38 217 24 li NA 7111 1 N IJ 4.1 018 2.37

=iS Lm 315 132 NA t1,_04 _ 018 170 _ 8fM4 0.e4
ai 1Jl44 71 30 NA 2JIlO ? lm M 177 1,290 0.14
40 434 22 12 NA 7ml 2 41 11 82 47'3 1.0e
=14 1,1rrl 21 e NA 1,138 12 m No 120 110 0.06
37 134 2 0 NA 81 1 4 4 • • 0.06

36 1,.102 44 20 NA 1,107 a 38 1• ?8 228 0.17
42 1_ 41 10 NA _ _1 44 1la 03 100 0.17

41 18,482 ii0 mO NA 18v414 48 m 2m I_M 3,227 0.17
03 4a4 _ la NA 438 1 38 ? 03 :me o.47

J _ 37 M NA 1,100 3 12 17 79 122 0.$3
N 747 43 20 NA lifo a 44 13 M 44;7 0.63
28 830 37 40 NA 1,200 4 38 18 ii lM 1.01
31 03 5 2 NA 67 O 4 1 8 _i4 0.29
27 830 44 22 NA I;74 2 38 10 44 _42
38 1114 14 • NA 170 O • :1 12 38 (kM

26 4,242 1,274 0 NA _ 7 _ 37 _ 11_'r:12 4.29
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TABLE2.16. LightingEROsfor R&D-1Buildings

Existing Ughting Operating Parameters
r.mr_ _ s,md12_

Sq.k.m_ (V_) CQk_deNOu.m_ (_V-mm)

- I=!"1" I i ! !Cod* FixttwmType Untie Arm, _ Mid-PtJ Off-Ptmk Om_Ptmk Mkl.P*mk

tmr.m; vAP_ ,mow WALL .... 4,7_ m,7"a4 _L_ NA
83 MERC VAPOR 400W CElL 440 10 _ 1,317' 3,110 0,819 a4 NA NA
02 MERC 40O PEHD 44o 210 _ 1_400 _ ao,77s s47 NA NA
81 lHC 04 CElL e0 78 ¢4floe 713 1,403 1,901 13 NA NA
04 lHC 600 PEND 500 210 _ 10,721 _ 4_eel 294 NA NA
79 INC 300 CElL 300 138 _ _ 18,074 10,042 114 NA NA

U EXIT-lHC(2](11;) _0 4441 _ 10,427 _ S4_ m NA NA

Efficient Ughting Operating Parameters

En.,qWIW,ma'o,omxt.,_ (kWh) _ _ (kW-m)

-" I'I'1 " I t i IMId-Pomk Off-PickMkl.Ptmk Oil-PickCod* New Flxtwm l'yp. Eaoh Un_ Am
, j i, ,t

NI_ _0QWALL "_ _ " _,m NA -_ NA
83 HPS _0O PEND _10 lt k '1'11 1,043 1,901 13 NA NA
12 HPS 100 pEND 240 210 admkx II_ _ 10Jmil 181 NA NA
01 CFL 11 CElL FIX 16 78 oWtoe 178 41Q 480 3 NA NA
80 MH 178 PEND 210 210 offioe 7,023 18,374 10,1M7 12S NA NA
79 MH 100 PEND 130 135 _ 2JI0_ _ 7,818 40 NA NA
85 EXIT - LED 5 444 hall 1,T31l :1,'788 14,014 9 NA NA

Efficient Lighting ERO Economics
, ,,,,

N,_m.,w,,_c,,,w aq,,_vm F.,,,,W,. O,,,,,,d t,W,,_ ur,,.ev,w.co, t

t

83 _ 12 1 NA 4_04 11 1'13 88 2?2 1,11e 0.40
e2 _ loo • NA 40,_ tM _ _ 0,tTo t_tt40 0.40
81 8,044 224 Sl NA _ 9 174 48 222 7"34 0.14
04 _ 't,sa4 43o NA _ 170 S,lR Na 4,M1 :W,e40 t._o
"/9 _ 8_ 44)8 NA 22,,430 M 1,11M _ 1,623 3,640 0.18
18 70,137 _ 0 NA t'J'_ 418 4,741 227 _ 341,102 4,31
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(ABLE2.]7. Lighting EROsfor R&D-2Building

Existing Lighting Operating Parameters
e.Mqw_ _m,_lz_

F.z:bP4_ (W_ CokW_k_O,mu,h (kW..=_
,,,

lm MP.JHG;uFIY'VAIPOFI400W WALL. 400 _10 _ _ ' 11_104 11l_44 117 INA NA
M MERCURY VAPOR 400W CElL 440 IlO _ 4,400 10,.1_0 1_JI3 1 NA NA
84 MERC 400 PEND 440 _ elClmtkx' el_lal 148,1M eT,,MO 1,128 NA NA
ICI INC IlO CElL (10 81 dlloo _ 1 _ e,480 41 NA NA
(12 INC BOOPEND 800 _ _ 84,_74 lll_t 181,178 981 NA NA
tl INC 300 CElL 300 144 oUloo a0JI47 _ _ Mll NA NA
85 FL gX4 3-40 8TD 147 1,Z13 _ al,?14 _1_17e 241J 1tire3 NA NA
14 F!,.,_,-_4l,,14 lTD 127 1A47 _ 114,M0 Irt,Ilo 111MI18 2,01= NA NA
83 FL ,_X42-40 811) N MO _ :I0,M0 T2,0M 88,267 843 NA NA
62 FL _X4 2-.I,4811) "/t) 312 _ tl,?M Z?,4M a2J18 _ NA NA
81 FL 1X8 2414811) l?S 4,374 oflloe 314,1114 _ 1,0_1,7]P3 $,420 NA NA
Ii0 FL lX4 _ lTD 84 m olfloo 14,840 47,214 _ 431 NA NA
47 EXIT- INC (2XlS) 00 4el _ 11,Zel _ 18_07 In NA NA

Efficient Lighting Operating Parameters
F.JwW_ S,_ d 12UonUCy

sm.w _,a_e om.t._ (v_ c_m_ oemn_ (kW.xC

I I I ICode New FIKba_ Type Eooh Uldb Anm Of_m'eek MM,Peak Off-Peak Ol_Peek Mid-Peek Off-Peak

Ne,5zooWALL _m _ _4,nm NA
HP8 _ PEND 240 _10 _ _311 _ Ik480 41 NA NA

14 HPS_ mD 140 mS _ _181 l_m 18,11: lwr NA NA
I_ CFL 11 CElL FlXT 16 81 olV_ M 1,,14/ 1MI 10 NA NA
q12 MH l"rl PEND 210 s,_ _ 12,1'IS _ 4a,4_ 400 NA NA
@1 MH 100 PEND 100 14e dlkm IkOT'/' 21,10S _ 180 NA NA
M FL=IX4_.TI ELC INEF II4 1_ _ _ oMrt 1¢1uio _ NA NA
14 FL ;D(4 ;!-111ELC REJF M 1,887 _ _ 1:18,8_ lql_,Tr_ 1_0 NA NA
M FL_IX4_.TII EU_ eli MO _ _ 4frj Irt_211 Mo NA NA
82 FL;IX4 2-34 ELC I_ :11:! dllot _ 21,11_ M, M4 lM NA NA
$1 FL 1)(I _ EI_ 114 4,374 ollloo a18,S78 _ U 4JlaS NA NA
80 FL 1)(4 2-T8 ELC 18 823 _ lll_qll 17,1_1 41,4a0 MI NA NA
6"/' EXIT - LI[D li 4M kali 1_P'7 _ 11,114 lib NA NA

Efficient Lighting ERO Economics
14m_.EMelWCulo Irk_ Yw Eaoqly & Detained8evk_o Ub.Cyo_ Coot

Cod, Cat S _ S OM_$ U_ yr. (kWh) (kW._ (lm e) _',_ e) (lm _ O_

18 _ m 118 NA lz_r_ wt es, 118 m _ z_
e4 _0 M7 m NA 121AM ms 7.ms 1.744 _0._0 10M44 s.os

_ n4 =4= NA lO_= 00 m iu m 10,14e 1.47

Sl 21J_ 1,141 _ NA _ 00e _ 1,us _ 18,_1 1.47
18 214,180 _ _ NA _M,I:B 848 llk'r/_ _ aO,lM 117,118 0.78
14 U 13,0711 4,114 NA 142,Yll _ 111_ li_1_1 _ 14L:Me 0.44

sa s4,718 a, lM 1,4.17 NA I_,72_ t_ _ i_ _ 14,118 0._
S2 _1,1M 1,147 771 NA 14_1_ q 7"/I) 214 m _ oJM
sl 18o_s _ =3.748 NA aBS,lee 1A18 _Jr_ 7.4_ _ _rt.780 0.14
80 43,4M _ 1,141 NA _ 148 _ 740 3,4,14 ZT,lM 0.(13
47 18,418 _ • NA 118Am 144 S,laO 714 us7 ',tru00 4._
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TABLE,2.18.,. Lighting EROsfor ShopBuildings

Existing Ughting Operating Parameters
Emww_ mm d t= t_mmt_,

t_=_mm=oEq=_==Nmt _ ¢4*mk/t O===mm=(t_V.==_

Code FldumType F.eoh Unllo Arm Oe_l_ek Mid-Peek Ole.Po_ On-Peek Off-Peek
IFL _D(4 2-40 li1U ' lSB_v._ lallg_g6 ..... NA

M FLtD _ lTD 171 1,2_ _ tenet= =i4o,o_ ZoLot= 1_ NA NA
" es EXIT-MC(=Xtl) =o lee imll _ _ a_=o4 M IU NA

Efficient Ughting Operating Parameters
r=ww c...-w._ kmdt=,k,V_

F..=_ tVmowo=Ot=po,t=_ (kWh) Co_oidmNDtmnd. (kW-mo)

"- iw"!"1 " I I !Code NewFb4woType _ Unilo A_e On-Peak MM.Peek _ On-Peek MM-Peek Off.PoJ
r PL _il9(4 li-TO I_I.C 416 1011(I " _ .... ' NA &

88 FL lX8 _ ELC 1:14 1,2'/I dJioo 81,'/118 1110,707 _ 1_1_16 HA NA

M EXIT - LED I lM ltd 418 l _ i NA NA

Efficient Ughting ERO Economics
N,m-r=_WC_= Rm V.w E_my& D.emulkvk_ Ub.Cy_ Coe*

c=d $ oku s o&=s Lh, w. (kWh) (kW-_ Om I (tru W (tru _ 11_ k_(
,,

M llkM4 Ik444 o NA ss,a00 M l,s_ _e= 1.ze4 _ 4_
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TABLE2.]9. LightingEROsfor TrainingBuildings

Existing Ughting Operating Parameters
rra.my _ sm, d t2 ik._,wy

F-Jd.t_ F.m.W.m_ (yam) cokwwwkND,mM_ (V_V-m)

" I-I'*'1" I I I ICode Fbdure Type Emoh U, dim ArM C,4W_ek Mid-Feek Off.Peak On.4Smk M_ Off.Iqmk

II Pl. 1xi _ B1u 176 1Jilll olgloe _ff4,4_ 444k117 ' NA

t0 EXIT . INC (2XIS) 30 100 Ilmll 2e44e E,211 19_i23 37' NA NA

Efficient Lighting Operating Parameters
r.,_w _ k,, d t2 _,,e,W

i

-" Ii" i_'l- I I 1Code NewFlxlweType FJoh Unh Art* O_Pe,k MM.Peak Og.Pwk On.Peak MM.Peek
.i.

lm PL 1XI _b41eEl.(; 134 l_rlll _ _ '_ ;ki,3,1_10 NA NA

to EXIT. LED S lM imli 40t 8?O _ • NA NA

Efficient Ughting ERO Economics
Non.EmqWCoeim FimtVeerF.MelWS Demmd8ev4ngm _C4d

Code Cos/S Oa_ S O_ S t_ w. (kWh) (kW_==) Om S) (tru J) (lm I) (t_._) sn_(
....

Iii ' _,ri _rl 9 15,9Ol 10,418 NA 2)0,,3,1 106,Ce0 O,84
to lt_aeo s_43 • NA 22,S4t Sl tJ_ tS7 t,2S3 _ 4_
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TABLEi_.20. Lighting EROsfor WarehouseBuildings

Existing Ughting Operating Parameters

_ I- I_'1" I I I_ _ _ Unh Amm _ MM-PtJ Oil.Peak OlPPmk M_

lm ' lHC _00 r._Jb _00 1_14 _ , r _I_la _ _ NA NA

t2 FLa_l _ STD M _ ollklt lllkO_ :li, li= =_,'tTI _ NA NA
FL1XI _ ITD 17S LI_ edict 11'1,,_ 4_ 407,_ 1,1M NA NA

INi IDQIT-INC(:XlI_ :O li Ilia IMIll 1MN _ 1=1 NA NA

Efficient Lighting Operating Parameters

'- I-!_"i " I I I !Codo New _ Type Each Unl/ Anm On.Peak MM-Peak _ Oe-Pqiak MM-Peak Off.Peak

..... liQ MIt1GOPP.Ng 1_ 1_G4 W N ....." 114_ IKTlgG 1_1¢1_ ' NA NA

tg FL gX4 _-T8 ELC M 2J4¢1 _ 01_1_0 m4_l_0 II 1_14 NA NA

tl FL 1X8 _ _ 134 _12J ¢dlkm 130_i1_ _11k141 _77'7 _ NA NA

e4 EXIT.LED s Ii ld 1AI =#ts 11_¢4e B NA NA

Efficient Lighting ERO Economics
,, ,.,,.

- -I_ I--I- =!_-! _ I--I T" "_ I_"
I_ _k,_'os 14,'os'o eA46 NA III, l_o III 1I_1 4,17I 'OI,_M 'OI._I_I O.q_
IN _ 'O7_ 11_M NA _ "_M 'O_t4 _TM 17_ 'O_O,M1 0.84

_ 'oo,=_ • NA "wt,_ 'ON _ _ _ 14,'O_
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Notes (for Section 2.4 Tables):

B]dg Fixture Description Detailed Fixture
Type in Table Description

Existtnq Fixtures

ADMIN FL 2X4 2-40 STD Fluorescent. 2' by 4'. 2-40 Watt lamps. Standard Ballast
ADMIN FL 1X8 2-96 STD Fluorescent. 1' by 8', 2-75 Watt lamps, Standard Ballast
ADMIN EXIT - INC (2X15) Exit Sign. incandescent. 2-15 Watt lamps
BRK/ADM INC 60 CEIL Incandescent, Ceiling Mount, 60 Watt
BRK/ADM EXIT - INC (2X15) Exit Sign, incandescent, 2-15 Watt lamps
COMCATNFL 2X4 2-40 STD Fluorescent, 2' by 4', 2-40 Watt lamps, Standard Ballast
COMCATNFL 1X8 2-96 STD Fluorescent. 1' by 8', 2-75 Watt lamps, Standard Ballast
COMCATNEXIT - INC (2X15) Exit Sign, incandescent, 2-15 Watt lamps
HSG-FAM INC 60 CEIL Incandescent. Ceiling Mount, 60 Watt
HSG-FAM INC 60 CAN Incandescent, Ceiling "Can" Mount, 60 Watt
HSG-FAH INC 4-60 CEIL Incandescent. Ceiling Mount, 4-60 Watt
HSG-FAM INC 2-60 WALL Incandescent, Wall Mount, 2-60 Watt
HSG-FAM INC 2-60 CEIL Incandescent, Ceiling Mount, 2-60 Watt
MTRPOOLMERC175 Mercury. 175 Watt
MTRPOOLINC 150 CEIL Incandescent. Ceiling Mount, 150 Watt
MTR POOLFL 2X4 3-40 STD Fluorescent. 2' by 4'. 3-40 Watt lamps, Standard Ballast
MTR POOLFL 2X4 2-40 STD Fluorescent. 2' by 4'. 2-40 Watt lamps. Standard Ballast
MTRPOOLFL 1X8 4-96 STD Fluorescent. 1' by 8', 4-75 Watt lamps. Standard Ballast
MTRPOOLFL 1X8 3-96 STD Fluorescent, 1' by 8', 3-75 Watt lamps, Standard Ballast
MTRPOOLFL 1X8 2-96 STD Fluorescent, 1' by 8', 2-75 Watt lamps, Standard Ballast
MTRPOOLEXIT - INC (2X15) Extt Sign, incandescent, 2-15 Watt lan_s
PRDCTN INC 150 WALL Incandescent, Wal_ Mount. 150 Watt
PRDCTN INC 100 CEIL Incandescent, Ceiling Mount, 100 Watt
PRDCTN FL 2X4 4-40 STD Fluorescent, 1' by 4', 4-40 Watt lamps, Standard Ballast
PRDCTN FL 2X4 4-40 STD Fluorescent, 1' by 4', 4-40 Watt lamps, Standard Ballast
PRDCTN FL 2X4 4-40 STD Fluorescent, 1' by 4', 4-40 Watt lamps, Standard Ballast
PRDCTN FL 2X4 4-40 STD Fluorescent, 1' by 4', 4-40 Watt lamps, Standard Ballast
PRDCTN FL 2X4 4-40 STD Fluorescent, 1' by 4', 4-40 Watt lamps, Standard Ballast
PRDCTN FL 2X4 4-40 STD Fluorescent, 1' by 4'. 4-40 Watt lamps, Standard Ballast
PRDCTN FL 2X4 4-40 EEF Fluorescent, 1' by 4', 4-40 Watt lamps, Energy Efficient Ballast
PRDCTN FL 2X4 4-40 EEF Fluorescent. 1' by 4', 4-40 Watt lamps. Energy Efficient Ballast
PRDCTN FL 2X4 4-40 EEF Fluorescent, I' by 4'. 4-40 Watt lamps. Energy Efficient Ballast
PRDCTN FL 2X4 4-40 EEF Fluorescent, 1' by 4', 4-40 Watt lanq3s, Energy Efficient Ballast
PRDCTN FL 1X4 2-40 STD Fluorescent, l' by 4', 2-40 Watt lamps, Standard Ballast
PRDCTN FL 1X4 2-40 STD Fluorescent. 1' by 4', 2-40 Watt lamps, Standard Ballast
PRDCTN FL lX4 2-40 STD Fluorescent, 1' by 4', 2-40 Watt lamps, Standard Ballast
PRDCTN FL 1X4 2-40 [EF Fluorescent, 1' by 4', 2-40 Watt lamps, Energy Efficient Ballast
PRDCTN FL 1X4 2-40 EEF Fluorescent, 1' by 4', 2-40 Watt lamps. Energy Efficient Ballast
PRDCTN FL 1X4 2-40 EEF Fluorescent, 1' by 4', 2-40 Watt lamps, Energy Efficient Ballast
PRDCTN EXIT - INC (2X15) Exit Sign, incandescent, 2-15 Watt lamps
R&D-1 MERCURYVAPOR400WWALLMercury, Wall Mount, 400 Watt
R&D-1 MERCURYVAPOR400WCEILHercury, Ceiling Mount, 400 Watt
R&D-1 MERC400 PEND Mercury, Pendent MounL, 400 Watt
R&D-1 INC 60 CEIL i_candescent. Cetling Mount, 60 Watt
R&D-1 INC 500 PEND Incandescent. Pendent Mount. 500 Watt
R&D-I INC 300 CEIL Incandescent, Ceiling Mount. 300 Watt
R&D-1 EXIT - INC (2X15) Exit Sign. incandescent, 2-15 Watt lanq_s
R&D-2 MERCURYVAPOR400WWALLMercury.Wall Mount, 400 Watt
R&D-2 MERCURYVAPOR400WCEILMercury, Ceiling Mount, 400 Watt
R&D-2 MERC400 PEND Mercury, Pendent Mount, 400 Watt
R&D-2 INC 60 CEIL Incandescent, Ceiling Mount, 60 Watt
R&D-2 INC 500 PEND Incandescent, Pendent Mount, 500 Watt
R&D-2 INC 300 CEIL Incandescent, Ceiling Mount, 300 Watt
R&D-2 FL 2X4 3-40 STD Fluorescent, 2' by 4', 3-40 Watt lamps, Standard Ballast
R&D-2 FL 2X4 3-34 STD Fluorescent, 2' by 4', 3-34 Watt lamps, Standard Ballast
R&D-2 FL 2X4 2-40 STD Fluorescent, 2' by 4', 2-40"Watt lamps, Standard Ballast
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Bldg Fixture Description Detailed Fixture

in Table Description

_6_stinq Fixtures {continued)

R&_-2 FL 2X4 2-34 STD Fluorescent.2' by 4', 2-34 Watt lamps, Standard Ballast
R&D-2 FL IX8 2-96 STD Fluorescent,I' by 8', 2-75 Watt lamps. Standard Ballast
R&D-2 FL IX4 2-40 STD Fluorescent,I' by 4', 2-40 Watt lamps, Standard Ballast
R&D-2 EXIT - INC (2X15) Exit Sign. incandescent.2-15 Watt lamps
SHOP FL 2X4 2-40 STD Fluorescent,2' by 4', 2-40 Watt lamps,Standard Ballast
SHOP FL IX8 2-96 STD Fluorescent,i' by 8'. 2-75 _tt lamps,Standard Ballast
SHOP EXIT - INC (2X15) Exit Sign, incandescent,2-15 W,_ttlamps
TRAINING FL IX8 2-g6 STD Fluorescent,I' by 8', 2-75 Watt lamps,Standard Ballast
TRAINING EXIT - INC (2X15) Exit Sign, incandescent.2-15 Watt lamps
WHS INC 300 CEIL Incandescent,CeilingMount. 300 Watt
WHS FL 2X4 2-40 STD Fluorescent.2' by 4', 2-40 Watt lamps.Standard Ballast
WHS FL IX8 2-96 STD Fluorescent,I' by 8'. 2-75 Watt lamps,Standard Ballast
WHS EXIT - INC (2X15) Exit Sign, incandescent, 2-15 Watt lamps

ReplacementFixtures

ADMIN FL 2X4 2-T8 ELC Fluorescent,2' by 4'. 2-T8-32Watt lamps, ElectronicBallast
ADMIN FL IX8 2-96 ELC Fluorescent,I' by 8', 2-75 Watt lamps, ElectronicBallast
ADMIN EXIT - LED Exit Sign, Light EmittingDiode (LED)
BRK/ADM EXIT - LED Exit Sign, Light EmittingDiode (LED)
BRK/ADM CFL 11 CEIL FIXT CompactFluorescent,CeilingMount, 11Watt'C
COMCATN FL 2X4 2-T8 ELC Fluorescent,2' by 4', 2-T8-32Watt lamps, ElectronicBallast
COMCAI'N FL IX8 2-96 ELC Fluorescent.I' by 8', 2-75 Watt lamps, ElectronicBallast
COMCATNEXIT - LED Exit Sign, Light Emitting Diode (LED)
HSG-FAM FL 11 CAN Compact Fluorescent, Ceiling "Can" mount, 11 Watt
HS6-FAM CFL 4-11 CEIL Compact Fluorescent, Ceiling Mount. 4-11 Watt
HS6-FAM CFL 2-11 CEIL FIXT Compact Fluorescent, Ceiling Mount, 2-11 Watt
HS6-FAM CFL 2-11 CEIL FIXT Compact Fluorescent, Ceiling Mount, 2-11 Watt
HS6-FAM CFL 11 CEIL FIXT Compact Fluorescent, Ceiling Mount. !1Watt'C
MTRPOOLHPS 100 PEND High Pressure Sodium. Pendent Mount, 100 Watt
MTRPOOLFL 2X4 2-T8 ELC REF Fluorescent, 2' by 4', 2-T8-32 Watt lamps, Elect. Ball., Parabolic Reflector
MTRPOOLFL 2X4 2-T8 ELC Fluorescent, 2' by 4', 2-T8-32 Watt lan_os, Electronic Ballast
MTR POOLFL lX8 3-96 ELCREF Fluorescent. 1' by 8', 3-75 Watt lamps, Elect. Ballast. Parabolic Reflector
MTRPOOLFL lX8 3-96 ELC Fluorescent. 1' by 8', 3-75 Watt lamps, Electronic Ballast
MTRPOOLFL 1X8 2-96 ELC Fluorescent, 1' by 8', 2-75 Watt lamps, Electronic Ballast
MTR POOL EXIT - LED Exit Sign, Light EmittingDiode (LED)
MTR POOL CFL 27 INTEGRALUNIT CompactFluorescent"screw-in",27 Watt
PRDCTN FL 2X4 4-T8 ELC Fluorescent,2' by 4', 4-T8-32Watt ]an_os,ElectronicBallast
PRDCTN FL 2X4 4-T8 ELC Fluorescent,2' by 4', 4-T8-32Watt lamps. ElectronicBallast
PRDCTN FL 2X4 3-T8 ELC REF Fluorescent,2' by 4', 3-T8-32Watt lamps, Elect.Ball., ParabolicReflector
PRDCTN FL 2X4 3-T8 ELC REF Fluorescent,2' by 4', 3-T8-32Watt lamps, Elect. Ball., ParabolicReflector
PRDCTN FL 2X4 3-T8 ELC REF Fluorescent,2' by 4'. 3-T8-32Watt lamps. Elect.Ball., ParabolicReflector
PRDCTN FL 2X4 3-T8 ELC REF Fluorescent,2' by 4', 3-T8-32Watt la,q)s.Elect.Ball., ParabolicReflector
PRDCTN FL 2X4 3-T8 ELC REF Fluorescent,2' by 4'. 3-T8-32Watt lamps, Elect.Ball.. ParabolicReflector
PRDCTN FL 2X4 3-T8 ELC REF Fluorescent,2' by 4', 3-T8-32Watt lamps, Elect.Ball., ParabolicReflector
PRDCTN FL 2X4 3-T8 ELC REF Fluorescent,2' by 4'. 3-T8-32Watt lamps, Elect.Ball., ParabolicReflector
PRDCTN FL 2X4 3-T8 ELC REF Fluorescent,2" by 4', 3-T8-32Watt lamps. Elect.Ball., ParabolicReflector
PRDCTN FL IX4 2-T8 ELC Fluorescent,I' by 4', 2-T8-32Watt lan_os,ElectronicBallast
PRDCTN FL IX4 2-T8 ELC Fluorescent,I' by 4', 2-T8-32Watt lamps. ElectronicBallast
PRDCTN FL IX4 2-T8 ELC Fluorescent,I' by 4', 2-T8-32Watt lamps, ElectronicBallast
PRDCTN FL IX4 2-T8 ELC Fluorescent,I' by 4', 2-T8-32Watt lamps, ElectronicBallast
PRDCTN FL IX4 2-T8 ELC Fluorescent,I' by 4', 2-T8-32Watt lamps, ElectronicBallast
PRDCTN FL IX4 2-T8 ELC Fluorescent,I' by 4'. 2-T8-32Watt lamps. ElectronicBallast
PRDCTN EXIT - LED Exit Sign. Light EmittingDiode (LED)
PRDCTN CFL 27 INTEGRALUNIT Compact Fluorescent"screw-in",27 Watt
PRDCTN CFL 27 INTEGRALUNIT Compact Fluorescent"screw-in".27 Watt
R&D-I MH 175 PEND Metal Halide, PendentMount, 175 Watt
R&D-I MH 100 PEND Metal Halide, PendentMount, 100 Watt
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Bldg Fixture Description Detailed Fixture
Type tnTable Description i, ....

Replacement Fixtures (continued)

R&D-1 HPS 200 WALL High Pressure Sodium. Wall Hount. 200 Watt
R&D-1 HPS 200 PEND High Pressure Sodium. Pendent Hount. 200 Watt
R&D-1 HPS 200 PEND High Pressure Sodium. Pendent Hount. 200 Watt
R&D-! EXIT - LED Exit Sign. Light Emitting Diode (LEO)
R&D-1 CFL 11 CEIL FIXT CompactFluorescent. Ceiling Nount. 11Watt*C
R&D-2 HH 175 PEND Hetal Halide. Pendent Hount. 175 Watt
R&D-2 HH 100 PEND Hetal Halide. Pendent Hount. 100 Watt
R&D-2 HPS 200 WALL High Pressure Sodium. Wall Nount. 200 Watt
R&D-2 HPS 200 PEND High Pressure Sodium. Pendent Nount. 200 Watt
R&D-2 HPS 200 PEND High Pressure Sodium. Pendent Hount. 200 Watt
R&D-2 FL 2X4 2-T8 ELC REF Fluorescent. 2' by 4'. 2-T8-32 Watt lamps. Elect. Ball.. Parabolic Reflector
R&D-2 FL 2X4 2-T8 ELC REF Fluorescent. 2' by 4'. 2-T8-32 Watt lamps. Elect. Ball.. Parabolic Reflector
R&D-2 FL 2X4 2-T8 ELC Fluorescent. 2' by 4'. 2-T8-32 Watt lamps. Electronic Ballast
R&D-2 FL 2X4 2-34 ELC Fluorescent. 2' by 4'. 2-34 Watt lamps. Electronic Ballast
R&D-2 FL lX8 2-96 ELC Fluorescent. 1' by 8'. 2-75 Watt lamps. Electronic Ballast
R&D-2 FL lX4 2-T8 ELC Fluorescent. 1' by 4'. 2-T8-32 Watt lamps. Electronic Ba]last
R&D-2 EXIT - LED Exit Sign. Light Emitting Diode (LED)
R&D-2 CFL 11 CEIL FIXT CompactFluorescent. Ceiling Nount. 11 Watt
SHOP FL 2X4 2-T8 ELC Fluorescent. 2' by 4'. 2-T8-32 Watt lamps. Electronic Ballast
SHOP FL 1X8 2-96 ELC Fluorescent. 1' by 8'. 2-75 Watt lamps. Electronic Ballast
SHOP EXIT - LED Exit Sign. Light Emitting Diode (LED)
TRAINING FL 1X8 2-96 ELC Fluorescent. 1' by 8'. 2-75 Watt lamps. Electronic Ballast
TRAINING EXIT - LED Exit Sign. Light Emitting Diode (LED)
WHS NH 100 PEND Netal Halide. Pendent Nount. 100 Watt
WHS FL 2X4 2-T8 ELC Fluorescent. 2' by 4". 2-T8-32 Watt lamps. Electronic Ballast
WHS FL lX8 2-96 ELC Fluorescent. 1' by 8'. 2-75 Watt lamps. Electronic Ballast
WHS EXIT - LED Exit Sign. Light Emitting Diode (LED)
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2.5 FAN AND PUMP MOTORS IN SLC-4 BUILDINGS

The motor ERO analysis at VAFB considered a primaryefficiency option

which involves the replacementof a single-speedstandard-efficiencymotor

with a high-efficiencymodel.

This section addressesthe fan and pump motors associatedwith HVAC and

other systems in SLC-4 Facilities. Data for pump and fan motors in other

facilitieswere not available in sufficientdetail to perform adequate

analysis. Many of the other facilitiesat VAFB with large fans and pumps are

subject to long periods of inactivityand not considered consistent loads that

are subject to energy improvements. The results of this analysis,however,

may be appliedto other similarfacilities if their operation is considered

stable for an extended period of time.

The replacementof currentlyinstalledstandardefficiencymotors with

high-efficiencymodels was evaluatedon both a replace_immediately(RI) and

replace-on-failure(ROF) basis.

An inventoryof motors larger than ] hp was developedbased on

mechanicaldrawing sheet, equipmentlisting, and contactwith site personnel.

In addition, sizes, functions,and quantitieswere cataloguedduring site

visits of these buildings. From this informationa total motor equipment

characterizationwas developed.

Description

Energy-efficientthree-phasemotors are manufacturedwith predominantly

open drip proof (ODP) or total enclosed fan cooled (TEFC)enclosures. Motors

up to 200 hp can be obtained in either 1,200, 1,800, or 3,600 rpm. They are

particularlyattractive in duty-cyclingapplicationsbecausethey have less

thermal stress than standard efficientmotors due to lower overall heat loss.

There are some applications,however, in which energy-efficientmotors (EEMs)

would not be a good alternative,namely in situationswhere high starting

torque is required. This is because EEMs are optimizedfor low slip oper-

ation, which generally results in lower starting torque as compared to

standard efficiencymotors. For most HVAC fan and pump applicationsthe
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starting torque is not an issue. However, the startingcharacteristicsshould

be kept in mind in preparingretrofit specificationsfor such things as the

compressormotors.

This ERO considersthe replacementof existing single-speedmotors by

the best currentlyavailableenergy-efficientmodels. The majority of motors

analyzed in this study fell under the duty-cyclingor air-handlingapplica-

tions in which EEMs are a viable option.

Because of their relativelylow e,_ergyconsumption,motors of less than

I horsepower are not considered in this analysis. Motors that currently

operate at two speeds are also not considered,becausethe efficiency improve-

ment possible by replacinga two-speedmotor with a high-efficiencymodel is

relatively small.

Assumptions

Technicalassumptionsare as follows:

• The operationschedulesshown on mechanicaldrawings,or related by
site personnelfor the buildingspaces were consideredto be
accurate.

• Existingmotors were consideredto be sized correctlyfor current
operations. However, significantadditionalsavingscould possibly
be obtained by evaluatingthe size of each motor in relation to its
load at the time of replacement, lt is particularlyimportantto
check for fans and pumps that are producinghigher flow rates than
necessaryand pumps that have been throttledwith valves or flow
regulators.

Cost estimatingdata are as follows:

• Maintenancecosts for standardand high-efficiencymotors are the
same.

• Motor costs are based on the energy-efficientODP motor costs.
(ACEEE,1991)

• The cost of installationlabor is $132 for motors of I0 hp and o
less, $221 for 15 to 30 hp, $363 for 40 to 75 hp, and $856 for
motors over 75 hp.

• Motor life expectancy is 15 years.

• Salvage value of motors is negligible.
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Results

Quantitativeresults of the energy-efficientmotor ERO analysis are

presented in Tables 2.21 through 2.28. The results are reported by building

type in 3-sectiontables. All motors larger than I hp are listed in the first

block of each table along with their energy and demand numbers. The energy

and demand numbers for the replacementtechnology appear in the second

section. The third sectioncontains all of the appropriatelife cycle cost

analysis values for each motor type.

Budqet Implications. The first cost of all cost-effectiveenergy-

efficientmotor retrofits is $107,211 consistingof the immediatereplacement

implementationsat $96,470 and the replacementon failuremeasures at $10,741.

Eneray, Demand, and Cost Savinqs. The electric energy savings asso-

ciated with all cost-effectiveimplementationsof this ERO are estimatedto be

959,892 kwh per year at a cost savingsof $48,069per year. Demand savings

are estimated to be 217 kW-mo per year with a cost savingsof over $1,108 per

year.

Eneray or OperationsSecurity. This ERO has no impact on energy or

operations security. The recommendedmotor replacementsare one-for-one

retrofitsthat do not inhibit operationsor energy supply..

Operation and Maintenance. The impact of this ERO on maintenance is

consideredto be negligible. Newer, higher efficiencymotors should have no

increasedmaintenancecosts. In practice they may even require less

maintenance.

EnvironmentalImplications. This ERO has no direct environmental

impact.
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TABLE 2.21. Motor EROs in Research (R&D BuildingType) Building715

Existing Motor Operating Parameters

T Sum Monthly Peek Coineklent

Equip Type of Ratio0 I of Hre Hre Hre kwh kW5 kwh I

10 Code Motor kp Mire On-Peak Mk_Peek Off-Peak On-Peek Mk_Peek Off.Peak On-Peak I Mid Peak Off.Peek
I

II ep-l* Cond. PUmP 16 1 432 432 1,200 0,480 8,480 " 10,400 NA NA .....NA

14 ewpl.6 ChilL Pump 2 1 432 432 1,266 848 841 1,044 NA NA NA

13 owp.3 Chill Pump 3 1 432 432 1,216 1,306 1,266 3,IU NA NA NA

16 of.l.6 |sh. fie 2 4 432 432 1,266 2,||2 2,662 7,770 NA NA NA

12 of.10 Fsh. ian 10 1 432 432 1,260 4,320 4,320 12,660 NA NA NA

1 of.2 ESh. fie 2 1 432 432 1,210 104 164 2,602 NA NA NA

10 of.6 |sh. fea 6 I 432 432 1,200 2,160 2,160 6,480 NA NA NA

2 ef.5 AHU fie 6 I 432 432 1,208 2,160 2,110 6,480 NA NA NA

16 11-7.6 Pump 8 1 432 432 1,260 3,240 3,240 9,720 NA NA NA

3 d.1.6 AHU fie 2 1 432 432 1,211 048 048 1,044 NA NA NA

6 e#.!0 AHU ian 10 I 432 432 1,260 4,320 4,320 12,600 NA NA NA

18 M.16 AHU ion 16 2 432 432 !,216 12,160 12,060 38,360 NA U NA

I d.26 AHU faun 36 I 432 433 1,306 10,300 I 0,100 32,400 IdA NA NA

6 0f.7.6 AHU fen l I 432 432 1,206 3,240 2,240 6,720 NA NA NA

Energy-Efficient Motor Operating Parameters
,

EnergT beeuree Opportunity 0pumting lehidukl EnergTConeumptlon Energy DemandIkW)
Sum Monthly Peek Coincident

Equip T)ltO of Rating # of Hre Hre Hre kt_ kwh kwh I

lD Code Motor kp DHtre On.Peak Mk_Peek Off.Peak On.Peek Mk_Peak Off-Peak On.Peak I MkdPeak Off.Peak
I

11 Hp-16 Coed Pun J 16 I 432 ' 432 1,266 6,304 6,264 16,613 NA NA 'NA

14 e-ewp-I.i Chill Pump 2 1 432 432 1,2ll 681 601 1,184 NA NA NA

13 o-ewp-3 ChilL Pump 3 1 432 432 1,200 1,161 !,!61 3,462 NA NA NA
I0 o.of.l.6 Fsh. Fen 2 4 432 432 1,363 2,246 2,246 6,736 NA NA NA

12 e-of.10 Fsh. Fen 10 1 432 432 1,200 3,613 3,613 10,630 NA NA NA

I e-of.2 ESh.Fan 2 1 432 432 1o2i| 747 747 2,242 NA NA NA

10 04f.6 tsh. Fen S 1 432 432 1,211 1,706 1,716 6,304 NA NA NA

2 e.d.6 ANU Fen 6 I 432 432 1,206 t,706 1,706 6,304 NA NA NA

16 e.p-7.6 Pump 8 ! 432 432 1,210 2,830 2,830 7,801 NA NA NA

3 e-ef.l.6 AHU Fen 2 1 432 432 1,363 |11 601 1,004 NA NA NA

I e-d.I 0 ANU Fen 10 I 432 432 1,210 2,613 3,613 10,630 NA NA NA

18 04(.111 ANU Fan 16 2 432 432 1,300 10,408 10,401 31,22, NA NA NA

0 e.d.26 ANU Fan 2, I 432 432 1,20, 1,6,8 l.ill 2*,703 NA NA NA

6 e-d.7.6 AHU Fan i 1 432 432 1,200 2,00 2,030 7,101 NA NA NA

Energy-Efficient Motor ERe Economic Parameters
,..

Enommmin Puramotem Fire Veer 8eVbl_ LHe-CI_k Cost

CoM $ DH Cost $ ROF O&M $ oIr_A i Vr $ NI k�_ kW-mo $ $ $ ROF $ index

ii ,04 NA o o 11 u 0,273 NA ;13 NA 216 m 3.7.7 323
14 NA 162 0 0 16 NA 434 NA 22 NA 22 ROF 110 0.55

12 .o NA o o . mA 7. NA 20 NA 26 m 336 lOO
10 o 72, o o I, NA 1,7. NA . NA . nOF 477 066
12 461 NA 0 0 16 NA 4,036i NA 202 NA 202 RI 2,336 2.60

I NA 163 0 I 16 NA 663 NA 211 lM 26 ROF 163 0.86

10 307 NA 0 0 16 lM 1,827 NA 01 lM 01 W 017 1.72

2 307 NA 0 6i 16 NA 1,827 NA 01 NA lt RI 617 1.72

16 417 NA 0 0 16 NA 3,048 NA 153 NA 163 IU 1,101 2.26
2 NA 182 0 0 16 NA 434 NA 22 NA 22 ROF 118 0.55

, 461 NA 0 0 16 NA 4,436 NA 202 NA 202 N 2,336 2.66

111 1,3211 NA 0 0 16 NA 12,7U NA 4311 NA 636 PH 7,664 3.23

O 101 BA 0 0 16 NA 11,16i2 NA R0 NA 669 IU 6,016 4.33

6 417 NA 0 0 16 NA 2,048 NA |63 NA 163 lD 1,161 2.28
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TABLE 2.22. Motor EROs in Plant Building 717 (PLT-BLDBuilding Type)

Existing Motor Operating Parameters
, ,,,,

Ex_in0 Equipment Opemin0Ih;hedule EnergyConwmptinn EnenlyDemand(kW]
SumMonthlyPeakColnoident

Equip T)IN of Rating I of Hre Hre Hre kWh kWh kwh

lD Cede Motor hp Mtm On4eeak Mid.Peak Off-Peak On.Peak Mk;-Peak Off-Peak On-Peals J MidPeals Off.Peak
i

17 d.40 AHUfan 40 4 432 432 1,206 00,120 10,120 207,200 NA NA NA

20 0f.76 AHUflm 76 4 210 216 048 84,000 64,800 164,400 NA NA NA
12 p.1 Pump I 2 432 432 1,206 864 864 2,602 NA NA NA
4 IPI.6 Pump 2 2 432 432 1,200 1,206 1,200 3,010 NA NA NA
7 p'1.6 Pump 2 4 218 210 141 1,201 1,200 3,888 llA NA NA

il p-10 Pump 10 2 210 211 048 4,320 4.320 12,000 NA NA NA
3 lP6 Pump 6 2 432 432 1,290 4,320 4,320 12,960 NA NA NA

Energy-Efficient Motor Operating Parameters

EnergyReaoureeOppertunity Opendin0 8ehoduJo Ene81JyConsumptJan EnergyDomand(kW]
' ' SumMonthlyPeakCoinokkmt

Equip TInNof P.Mkto I of Hre Hre Hre kwh kWh _

lD Code Motor hp iutm On.Peak Mid.Peak 0ff-Peak On.Peak Mid.Peak Off-Peak On-Peak J MidPeals Off.Peak

7 "--__O AHUFen 40 4 ' 432 432 1,200 64.301 64,100 103,100 NAI NA" "- ll_
20 e.d.76 AHUFen 76 4 210 211 048 61,068 61,161 166,176 NA NA NA
12 o-p-! Pump 1 2 432 432 1,260 766 766 2,264 NA NA lM
4 e-p-1.6 Pump 2 2 432 432 1,200 !,123 1,122 3.387 NA NA IL_
7 e-p-l.6 Pump 2 4 210 216 648 I,t22 1,122 $.307 NA NA NA

10 e-p-lO Pump 10 2 210 210 848 3.613 6,613 10,630 NA NA NA
3 O-p.6 Pump 6 2 432 432 1.260 3.610 3,680 10,701 NA NA NA

Energy-Efficient Motor ERO Economic Parameters
,,

rummem_P_runmere Fire Yeark_ls Life-CpbCut

HD Fire Fire I-I"' I'1" "1--' J:"'i:"dl '' " j.,jv..COSt$IU Cut $ROF O&M$ O&M$ Vr $lH I1_ kW-mo $ ROF Index
,

17 0,020 NA 0 0 16 lM 73,100 NA 3.011 NA 3.086 W 60,611 6.61

20 13,733 NA 0 0 16 NA 64.261 NA 2,216 NA 3,216 iU 46,316 4.33
12 0 064 0 0 16 NA 647 NA 27 NA 27 ROF 202 0.62
4 0 471 0 0 16 NA 068 NA 43 lM 43 ROF 421 0.07

7 0 1,343 0 0 16 lM 868 NA 43 NA 43 ROF 244 0.20
10 0 !,U6 0 0 16 lM 4,036 NA 202 NA 202 ROF 2,264 1.46
3 1,132 NA 0 0 16 NA 3,663 NA 113 NA IlL3 iU 2,363 2.20
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TABLE2.23. MotorEROs in StorageBuilding719 (STOBuildingType)

Existing Motor Operating Parameters
OemamdIWW)Ex_ino Equkn_t Opennino kh_du_, Enlrov Conwmin_ Enorov

, -- ...... auto Monthly Peak Coinckdent

Equip Tlflpeof listing I of Nra Hr. Hre kWh kWh kWh -- .....

lD Code Motor hp Mire On*peak MM*peek Off*peek On*peak Mki-Peak Off*peak On*peek M_d Peak Off.Peek
p

12 M.300 Boost fm 300 2 21i 210 848 120_00 120.000 308,800 _ NA NA

4 owp-10 ChilL pump 10 6 173 173 518 8,640 8,840 26,020 NA NA NA

O ewp-7O ChilL pump 76 2 210 210 048 32,400 32.400 07,200 NA NA NA
I of.lO F.xh.fen 00 ! 432 432 1,303 36,d20 26.020 77,700 NA NA NA

7 Wup-t0 HtliW pump 16 2 210 210 841 0,480 8.400 10,440 NA NA NA
10 ef400 AHU fen |00 I 210 210 641 04,000 64,000 104,d100 NA NA NA

Energy-Efficient Motor Operating Parameters
_ -- _-

Eneq;,/ReamareaOl_Onunity Operetino Oeheduin E_lroy Conaunqstion Eneroy Demand(kW)
....... Sum Monthly Polk Coincident

Equip Type of Biting # of Hre Hre Hr8 kWh kWh kl_ .... --

lD Code Motor hp Mire On.Peek Mkl*peek Off.Peak On.Peak Mkt*peak Off*peek On.Peek Mid Peak Off*peek

12 ,_oo _ Fen 300 2 21o :,1o .l lo2,,521 IO2,Oll io7,oi2 _ u' NA'
4 ....,_!o Chu_.P_mp 10 0 173 173 o. ;,.i 7,o2o 11.., NA NA NA
0 o-ewp,76 ChilL Pump 76 2 210 210 041 26,070 20,970 77.038 NA NA NA

1 e-of.10 Exh.ran 10 I 432 432 1,201 20,270 20,270 10,I28 NA NA NA

7 e-hwp- 16 HTHW Pump 16 2 210 210 041 0,204 6.204 16,013 NA NA NA

10 e-of-t00 AHU Fen 300 I 210 210 041 ii,ta0 61,200 163,711 NA NA NA

Energy-Efficient Motor ERO Economic Parameters
Eumemiee hrwmem Fin_ Year k_i_pe LHe-C_in

ClOt $ IU Colt J ROF O&M $ O&M $ Vr $ N kWh bW-mo $ flOF $ Index

..,
12 12,100 NA 0 0 16 NA I: NA 0,700 NA 70,326 3.36

4 0 1,702 0 0 15 NA 8,070 NA 404 lM 404 ROF t,ii0 0.78

8 2.,808 NA 0 0 16 NA 32,104 NA 1,101 NA 1,008 IU 19,058 3.67

I 1.378 NA 0 O 16 NA 26,218 NA 1,413 NA !,413 IU 17,700 6.60

7 !,001 NA O 0 10 NA U7O NA 010 NA 310 li/ 2.007 1.13

10 0,0§0 NA O 0 16 NA 07.063 NA 2,100 liA 3.300 IU 30,083 3.36
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TABLE2.24. MotorEROsin CommunicationBuilding730 (COMCATNBuildingType)

Existing Motor Operating Parameters
'-, :_: -- , _ ,.

|xJllill0 Equiplnlmt Ipur.tHo Icdhldub EneloyConlumptio41 EnIrgy04Knamd(kW}
- lure MonthlyPeik Coincident

Equip T_e of latH0 # of Hr. Hm Hr. kWh k_ kWh

lD Cedo Motor hp Mtr. On.puek Mid.Peak Off.Peek On.Peak Mid-Peek Off.Peak On.Peek I MidPeek Off.Peek
I. ,,.

!1 of-li Boostfin li I 1,463 1,463' 4,300 7,200 7.200 21.708 NA NA NA
10 of.t0 Cmsdfen 10 I I,463 1,463 4,300 14,632 14,632 43,600 NA NA NA
13 ep-l,6 Condpump 2 1 1,463 !,463 4,300 2,110 2,110 0,63li NA NA NA
0 ewp-16 Chill pump 16 1 1,463 1,483 4,310 21,711 21,701 06,304 NA NA NA

S of.lS Fsh.1on 15 I 1,463 1,483 4,300 21,711 21,711 06,384 NA NA NA
12 e#.10 AHUtam 10 1 1,762 1,752 6,2|0 17,|20 17,120 62,|00 120 NA NA
11 8t.2 ANUtam 2 2 1,463 1,463 4,310 6,113 6,113 17,431 NA NA NA
4 d.6 AHUIon li 1 !,463 1,463 4,300 7,218 7,200 21,708 NA NA NA

14 o(.6 ANUIon 6 2 781 780 2,201 7,610 7,1_0 22,010 NA NA fda
0 d.6 AHUIon 6 I 1,463 1,463 4,310 7,200 7,200 21,708 NA NA NA

17 d.7.6 AHUIon li I 1,463 1,453 4,300 10o000 10o810 32,007 lM NA NA
10 p-l.6 Pump 2 2 1,463 1,463 4,300 4,310 4,000 10,070 NA NA NA
8 p-l| Pump 16 1 1,463 1,463 4,310 21o718 21,711 1§,304 NA NA NA

16 d.3 AHUfan 3 ! 1,463 !,463 4,110 4,310 4,010 13,07li NA NA NA
3 d.60 AMUtan 10 1 !,762 1,762 6,260 17o000 17,100 212,000 I00 NA NA

Energy-Efficient Motor Operating Parameters,

..... ] I

EnergyhonureaOppurtunJty OPUr.IHO8e_eduJe EnorgyCoeonmptHn EnergyDemand(kW)
- , ........ SumMonthlyPeakCoHeideat

Equip TYPeof ihitHo I of Hre Hre Hr. k_h _ kWh

IO C4do Motor hp Mtr. On,Peek MM-Peak Off.Peek On.Peak MM.Peek Off.Peak On-Peal MidPeek Off.Peak

10 e-ld-li Do I 1,45_ 4,300 0,637" "' 1,03'; 18°111 NA NA NA
11 Hf-10 Ceed.Fen 10 I 1,463 1,4J3 4,300 11,817 11,,017 36,462 NA NA NA
13 e-ep-1.6 CemLPump 2 I 1,483 1,483 4,300 1,889 1,888 6.014 NA NA BA
0 HWp-I 0 ChilLPUmp 16 ! 1,463 !,463 4,300 17,i0_ 17,600 62,Slli NA NA NA
6 e.4d.t6 bh. _ Iii I 1,4163 I,403 4,310 17,606 17,500 62,519 NA NA NA

12 e4d-I0 ANUFen 10 I 1,762 !,762 6,260 14,247 14,247 42,742 08 NA NA
! ! 141-2 ANUFen 2 2 1,413 1,413 4,310 6,02li 6,020 16,01| BA NA NA
4 e-d.6 ANUFen li I 1,403 !,483 4,110 1,037 1,037 11,111 NA NA NA

14 04d.6 ANUFen 6 2 760 760 2,208 1,2lil 0,211 11,844 NA NA NA
0 141.6 ANUFen li I I,413 !,4H13 4,300 1,037 0,037 18,111 NA NA NA

17 Hf.7.6 ANUFen 8 I 1,413 1,413 4,300 8,840 8o841 21,640 NA NA NA
10 e-p-1.6 Pump 2 2 1°413 1,463 4,300 1,771 3,770 11,327 NA NA NA
1 I-p-16 Pump 16 I I,403 1.413 4,300 17,600 17,800 62,611 NA NA NA

16 t41.3 ANUram 3 ! 1,413 1,413 4,310 3,370 1,870 11,111 NA lA NA
3 e-of.S0 ANUFen 60 1 1,7§2 1,762 6,261 08,0li2 18,862 2_0,660 472 NA NA

Energy-Efficient Motor ERO Economic Parameters
• --

EeemmBieahnmetem FJr.tVeerbroils LHo-CvIleCost
-- , .. ,. •

'0 " l"" t'--l"'r I'"1:'" "+'I--+L'+'''""I"" "' Irl v''''Com1IU Costt ROF OSM$ O&M$ Vr k4MI kW.mo $ $ $ ROF Index
• . ,, _ _ ..

Iii ill NA 0 0 II NA li,140 NA I NA 18 IU 4,368 1.16
II 832 NA 0 0 16 NA 13,673 NA 180 NA 030 IU 0,144 11.18
13 3|0 NA 0 0 16 NA 1,400 NA 70 NA 71 IU 042 ZTli
l I,226 NA 0 0 16 NA 21,411 NA 1,076 NA 1,076 IU 16,407 13.61

li 1,226 NA O 0 16 NA 21,408 NA I,67li BA 1,671 EH !li,407 13,61
12 832 NA. 0 0 16 NA 11,304 22 110 114 034 IU 13,312 15.41

11 116 NA 0 0 1li NA 0,021 NA 103 NA lll IU 2,101 3.47
4 iii NA 0 0 16 NA 0,146 NA 108 NA 308 IU 4,368 8.16

14 1,132 lA 0 0 16 NA 1,303 NA 320 NA 320 IU 4,372 4.06
I iii NA 0 0 16 NA 0,146 NA 308 NA 308 IU 4,368 1.1li

17 780 NA 0 0 16 NA 10,262 NA 013 NA 613 IU 7,321 10.00
10 071 NA 0 0 16 NA 2,010 NA 140 pM 140 iU 1,184 2070
8 1,220 NA 0 0 16 NA 21,468 NA 1,076 NA 1,076 IU 15,417 13,68

16 408 NA 0 0 16 NA 2,447 NA 123 NA 123 RI 1,834 6.40
3 2,037 NA 0 0 16 NA 63,740 128 4,104 166 li,348 IU 77,031 28.00
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TABLE 2.25. Motor EROs in Plant Building 734 (PLT-BLDBuildingType)

Existing Motor Operating Parameters
....

F,zM(mO Equipment Ope,,.--1inllkhedule IEnero¥Consun_m Ener0y DemandIkW)

Sum Monthly Peak Ceineldenl

Equip TIIN of Bating / of Hrs lm Nn kwh kWh kwh

lD _ Motor kp M1rs On-Peak Mid-Peak Off-Peek On-Peak MM.Peek Off-Peak On.Peak I Mid Peak Off-Peak
i

| d-40 ANU fen 40 4 324 324 172 li1,140 iii.14,0 I li6,1120 NA NA NA

Ii IPli Pump II 2 324 324 172 3.240 3,240 il,720 NA NA NA

Energy-Efficient Motor Operating Parameters
EaeilP/llea_me OpporluHy Opor_inO _NIeW beq_ Coneemptlon Energy DemandikW)

km Monthly Peak Coineideet

Equip Tl_e of Bating I of Mrs Nrs Hfs _ _ kWh B

Mi Cede Motor kid Mtrs h-Peak Mid-Peek Off.Peek On.Peak Mid-Peek Off-PeQk On.Peak i Mid Peak Off.Peak
i

I e-d-40 ANU Fin 40 4 |24 324 172 40.711 40,719 122,387 NA NA NA

S o..p-li Pump li 2 ]34 124 172 2,112 2.e02 8.071 NA NA NA

Energy-Efficient Motor ERO Economic Parameters
IEeemmdeePerumMm Fin_ Year kn_lS Life-ClmleCeet

Cml $ au Cea 0 MF liMB $ OIMB $ Vr $ Iii kV_ I(W.mea $ $ ROF index

ii 0 1,132 0 0 16 lM 2.740 lM 137 lM 137 R0F I,Uii 1.73
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TABLE 2.26. Motor EROs in Research Building 738 (R&D Building Type)

Existing Motor Operating Parameters
ExJstkql ruluipmmt Opemtln8 |_eduJe Emarll7C,4meUml_i_ Energy Demand ikW)

km Monthly Peak Ceklekkh'lt

Equip Type of II_ino I of Nra Hm Nra kVl_ kVl_ kWh |

IO Cede Molar hp Mim On-Peek Mid-Peak Off-Peek On-Peak Mid-Peak Off-Peek On-Peek J Mid Peak Off.Peak
I

2 of.10 Cond. ten 10 1 324 324 072 3,240 3,240 8,720 NA NA NA

li of.1.8 E_. tlm 2 3 324 324 872 1,468 1,488 4,374 NA NA NA

4 of.2 E_. ten 2 I 324 324 872 1411 0411 1,144 liA NA NA

8 of-ll Fsh. ten S I 324 324 072 1,020 1,820 4,800 NA NA NA

O d.10 ANU fen 10 2 324 324 072 0.480 1.480 10,440 NA NA NA

I of-tS ANU ten 18 1 324 334 872 4,880 4,880 14,689 NA NA NA

3 of-2li ANU fen 26 1 324 324 172 8,100 8,100 24,100 lM NA NA

11 of.7,6 ANU fen 8 I 324 324 072 2,430 2,430 7.200 NA NA NA

Energy-Efficient Motor Operating Parameters
ibeq/y heaurao Opportunity Operlttkl0 Ir4heduie Eneflly Con,,,nq_km Enor17 Demand (kW)

lure Monthly Peak Coincident

Equip TI_e of I_in0 I of Nra Hra Nra kWh kWh kWh , ....

lD Code Motor hp Mira 0n.Peak Mid-Peak Off-Peak On-Peak Mid-Peak 0ff.Peek On.Peak J Mid Peak Off.Peak
I

' 2 e-d.10 Ceed. _ 10 1 " 32_" 324 172 2,0318 2,0318 7,ON NA NA NA

S o.4d.t.S Exh. Faa 2 3 324 324 172 1,283 1,28:l 3,788 NA NA NA

4 0.4d.2 Fsh. Fao 2 I 324 324 872 6|1 681 1,182 NA NA NA

I e,.4d.8 E_ Fen 6 I 324 324 872 1,148 1,3411 4,038 NA NA NA

8 e-M.10 ANU Fsa 10 2 324 324 172 6,270 6,27l| 16.809 NA NA NA

1 eW.tS AWUFen 16 1 324 324 872 3,803 3,003 !1,710 NA NA NA

3 e.d.2S ANU Fen 26 1 324 324 072 1,421 5,428 10,277 NA NA NA

11 e-of.7.8 ANU Fan 8 1 324 324 872 1,873 1,873 6,818 ilA NA NA

Energy-Efficient Motor ERa Economic Parameters
.

Eeememi_ Psmmetera Find Year Ibs_sp Life-Cpb Cea

" " '" I"1"" I'"1- " l:"l''"C8_ $ SU _ 8 iOF O&M $ O&M 8 Vr $ IU kwh kW-mo 8 MF index

.......... ,,,,
2 032 NA 0 0 16 NA 3.028 fM 162 NA 162 Hi 1,873 2.17

6 0 1.007 O O Iii lM 171 RIA 48 NA 40 IIOF 407 0.44

4 NA 34}' O 0 1_ HA 437 HA 22 HA 22 ROF 188 0,H

l NA lil8 0 0 16 HA 1,170 HA 00 HA 88 IIOF 846 !.73

8 1.818 NA 0 0 IS HA 0,H2 HA 303 HA 303 Rf 3.748 2.17

I 1,226 HA O 0 16 HA 4.784 HA 240 HA 240 N 3.182 2.78

3 1,771 lA 0 O lE HA 8.371 NA 418 NA 418 IU 6.724 3.58
I I 718 HA 0 0 16 HA 2.280 NA 114 HA 114 Hi 1,452 1.00
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TABLE 2.27. Motor EROs in WarehouseBuilding 945 (WHS Building Type)

Existing Motor Operating Parameters
Ex_o r_tpment OperetmO _oduW Enorgy CenenmpOen Energy Demand (kW)

Sum Monthly Peak ComcWh_t

Equip TlnJeof ihitin0 # of Hre Nre Hre kVi_ kwh kl_

lD Cod4 Moler hp Iutre On-Peek Mid-Peek Off-Penk On-Peek MM.Peek Off-Peek On.Peek i Mid Peek Off.Peak
i

! kwp.I H11(W pump I I 1.762 1.752 5.266 1,762 1,762 5,256 12 HA HA

2 p-1.6 Pump 2 1 1,752 1,762 5,26! 2,628 2.128 7,884 18 HA HA

3 of-2 A_U ten 2 I !.812 1.612 6,044 3,304 3.384 10,062 HA HA U
4 el.20 ANU ten 20 I 722 722 2,107 14.448 14,448 43.344 NA HA NA

Energy-Efficient Motor Operating Parameters
Energy Renureo Oppurtunity Opur_ing Schedule Enorgy Conenmptkm Energy DonwndikW) i

i

.... Sum Monthly Peek Coklek_nt I
l

I e-hwp, I HTHW _ I ! 1.751 1.75l 5,250 1.530 ' 1.530 4.561 10 HA HA

2 e-p-I.t Pump 2 1 1.7|2 1.762 6.260 2,270 2.276 1,121 10 HA NA

] lid-2 ANU Fee 2 1 1.182 1.112 |,041 2,010 2,110 1,710 HA NA NA

4 e-al.20 ANU Fen 20 I 722 722 2,107 11.621 11.621 34.617 HA HA HA

Energy-Efficient Motor ERO Economic Parameters
Pmfwnotere Fhst Year Su_nOe LHe-Cyeb Cost

Cost $ IU Coat $ IIOF O&M $ O&M $ Vr $ IU kwh I(W.otos $ IIOF Index

1 277 NA 0 0 IS NA 1,100 2 61 8 43 IU 712 2.63

2 Z72 NA 0 0 16 NA !,700 2 81 12 100 IU 1.280 3.75

3 281 BA 0 0 15 NA 2,261 NA 114 RiA 114 IU 1.444 3.00

4 1.262 NA 0 0 16 NA 14,6|6 NA 731 lM 7:31 JtF 10,021 1.17
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TABLE 2.28. Motor EROs in Warehouse Building 8401 (WHSBuilding Type)

Existing Motor Operating Parameters

ExJ_bg Eqvkment OporatinO 8ekedub Energy Ceneumptk_n Energy Demand1kWl

Sum MonthlyPeek Coineident

Equip Tylm of P._hnO I of Hre Hre Hre kV_ kWh kWh

,,T lD Code kit hp Mtre On-Peek Mk_Peek Off.Peek On-Peek Mkt-Peek Off-Peek On-Peek I M_d Peak Off.Peak

I ep-26 ConaL..... 26 1 722 722 2,107 11,000 II.0lO _4,110 NA NA NA

t ep-40 Cend. pump 40 ! 722 722 2,107 2I, Ul 21,800 li,Iii NA NA U

lO ep-16 Cond. pump 16 I 722 722 2.117 10,130 10.838 32.601 NA NA NA

I of.3 Coed. fen 3 I 722 722 2.117 2,117 2,117 0.602 NA NA NA

7 p-10 Pump 10 I 722 722 2,117 7,224 7,234 21.172 NA NA NA

II of-I E_5. fen 1 I 722 722 2,107 722 722 2.107 NA NA NA

I of-IS |zh. ten 16 I 1,762 1.762 6,261 21,210 21,210 78,140 110 NA NA

3 ef.6 E_. ten 5 I 1,762 1,762 6,250 1,710 8,700 21,210 l0 NA NA

2 of.7.6 Fsh. tam l 1 1,762 1,762 6,268 13,140 13,140 39,420 O0 NA NA

l lr-20 ANU ten 20 2 722 722 2,107 28,101 28,803 ll,Ul NA NA NA

Energy-Efficient Motor Operating Parameters

be_oy lieeoume lppurtun_y Operethnj 8eheMub Energy Ceneumptk_ Energy DomendlkW_

I_m Monthly Peek _moident

Equip T)114 of Rotbo I of Hre Nru Hre kWh ktlflt kWh

lD Code Motor kp Mtm 0n-Peek MH.Peak Off.Peek 0n.Peek Mk_Peek Off.Peek On-Peak I MH Peek Off-Peek

I : _ 20 r_£ ;._- 26 ! 722 ....... 722 2,107 14,327 14.327 42,001 aM NA NA

6 e4p-40 Cud Pump 40 722 722 2,187 22,742 22,742 11,226 NA IdA NA

II eel-li Cud Pump IS 722 722 2,117 8,703 1,703 21,101 NA NA NA

l e-of4 ¢4ed. Fan 3 722 722 2,117 1,024 1,024 6,772 NA NA NA

7 ep-10 Pump 10 722 722 2,187 i, Ui 0,876 17,024 NA NA NA

11 e-ef.I Fsh. Fen I 722 722 2,187 831 031 1,113 NA NA NA

l u-of.IS Esh. Fan 16 1,702 1,762 1.2II 21,100 21.100 63.318 146 NA NA

3 o-of.0 EMl. rem 6 1,762 1,762 6,200 7,278 7.271 21,036 I0 NA NA

2 _ef.7.6 F.xh.Fen l 1.7|2 1,762 6,260 10,11l I 0,0II 32,U04 73 NA NA

l e..et.20 ABU _ 20 2 722 722 2,107 23,068 _,01iI 00,174 NA NA NA

Energy-Efficient Motor ERO Economic Parameters

Eeemomkl Parameters First Yeer I_vk0s L_e-C_b Cost

" '" '" I"I'"I*"l-," *''" I,'Iv'''Cut t IU ¢4_ t ROF O&M $ O&M $ Yr kN_ kW-mo $ ROF index
,.., _

• 1.771 NA 0 15 NAmr I i.ii5 NA i35 NA ii]5 RI -- 13.300 8.27

i 2,268 NA 0 0 16 NA 30,772 NA 1,641 NA 1.641 N 21,7U 0.48

Ib 1,226 NA 0 O 16 NA 10,IU NA 634 NA 634 IU 7,617 l.O0

l 408 NA 0 0 16 NA 1,210 NA il MA 61 iU 027 2.73

7 132 NA 0 O Ii NA 1,747 gA 231 NA 330 N 4,115 6.34
11 lM 342 O 0 16 NA 467 NA 23 NA 23 NIF 273 0.I7

I 1.220 NA 0 O I| NA 2|,170 36 1,216 III 1.470 IU 21,377 11.77

i |03 NA 0 0 16 NA 7.401 10 371 62 423 IU 0.060 11.32

2 710 NA 0 0 16 NA 12.310 17 IlO II 706 IU 10,145 13.14

l 3.006 NA 0 0 IS NA 20,100 NA 1,482 NA 1,412 N 20.143 7.17
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Notes (for Section 2.5 Table_):

Equipment
Code Desciptton

bf-300 Booster Fan - 300 hp
bf-5 Booster Fan - 5 hp
cf-lO Condensate Fan - 10 hp
cf-3 Condensate Fan - 3 hp
cp-40 Condensate Pump- 40 hp
cp-25 Condensate Pump- 25 hp
cp-15 Condensate PLunp- 15 hp
cp-1.5 Condensate Pump- 1.5 hp
cwp-75 Chilled Water Pump - 75 hp
cwp-IS Chilled Water Pump - 15 hp
cwp-10 Chilled Water Pump - 10 hp
cwp-3 Chilled Water Pump- 3 hp
cwp-l.5 Chilled Water Pun_)- 1.5 hp
ef-60 Exhaust Fan - 60 hp
ef-15 Exhaust Fan - 15 hp
ef-lO Exhaust Fan - 10 hp
ef-7.5 Exhaust Fan - 7.5 hp
ef-5 Exhaust Fan - S hp
ef-2 Exhaust Fan - 2 hp
ef-l.5 Exhaust Fan - 1.5 hp
ef-1 Exhaust Fan - 1 hp
hwp-lS Hot Water Punq)- 15 hp
hwp-I Hot Water Pump - I hp
p-15 Pump - 15 hp
p-t0 Pump - 10 hp
p-7.5 Pump - 7.5 hp
p-5 Pump - 5 hp
p-I.5 Pump - 1.5 hp
p-1 Pump - i hp
sf-300 Air Handl ing Fan - 300 hp
sf-75 Air Handling Fan - 75 hp
sf-50 Air Handling Fan - 50 hp
sf-40 Atr Handling Fan - 40 hp
sf-Z5 Air Handling Fan - 25 hp
sf-Z0 Air Handling Fan - 20 hp
sf-15 Air Handling Fan - 15 hp
sf-lO Air Handling Fan - 10 hp
sf-7.5 Air Handling Fan - 7.5 hp
sf-S Air Handling Fan - 5 hp
sf-3 Air Handling Fan - 3 hp
sf-2 Air Handling Fan - 2 hp
sf-l.5 Air Handling Fan - 1.5 hp

An "e-" prefix denotes energy efficient motor of same size
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2.6 SEWAGE LIFT STATION MOTORS

All sewage lift stationmotors over I hp are included in this analysis.

The ERO option analyzed was the replacementof the existingmotors with high-

efficiencymodels. The option of replacementwith energy efficientmodels was

evaluatedon both a replace immediatelyand a replace-on-failureschedule.

Data on the lift stationswere developed based on equipment listings,and

contactwith site personnel.

Description

The energy-efficientmotor retrofit involvesreplacingthe existing lift

stationpump motors with energy-efficientmotors. The percent efficiency

improvementover a new standardmotor is a decreasingfunction of motor size.

The improvementis about 5 percentfor a 5 hp motor and 4 percent for a 25 hp
motor.

Assumptions

The performanceanalysisis based on the followingdata and technical

assumptionsspecific to this ERO:

• Fifteen-months(January1991 through March 1992) of operationlogs
were available. The average annual kwh is based on the average kW
for a typicalyear.

• The distributionof the percenttime on-peakand off-peak for the
lift station motors is assumedto be identicalto VAFB's on-post
electricalenergy use breakdownas a whole.

The economic analysis is based on the followingcost data and
assumptions.

• The maintenancecost difference between standardand energy-
efficientmotors is negligible.

• The salvage value of a motor is negligible.

• Motor costs are based on published standard-and energy-efficient
motor costs. (ACEEE 1991)

• The labor costs associatedwith immediatereplacementare as
follows: $132 for motors of 10 hp and less, $221 for 15 to 30 hp
motors, $363 for 40 to 75 hp motors, $856 for motors over 75 hp.
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• The motor service life is 15 years.

Results

Quantitativeresults, presentedin Table 2.29, are discussed below. The

table includesonly those motors that are consideredlife cycle cost effective

to replace.

Budget Implications. The first cost for this replace on failure

retrofit option is $2,996.

Energ.y_Demand, and Cost Savinqs. The electric energy savings are

estimatedto be 5,471 kWh per year at a cost savings of $274 per year. Demand

savings are estimatedto be negligible.

Energy Security. This ERO has no direct impact on energy security.

Operationand Maintenance. There will be no significantadditional

maintenancerequirement.

EnvironmentalIssues. This ERO has no direct environmentalimpact.
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TABLE 2.29. Motor EROs in Sewage Lift Stations" Energy-EfficientMotors

Existing Motor Operating Parameters
Existing Equipmmst Operattn0 Sohedule Energy Consumption Energy Demand(kW)

Sum Monthly Peak Colnoident

Equip Tlrpe of Rating I of Hre Hrre Hre kWh kWh kwh I

lD Code Motor hp Mire On.Peak Mid.Peak Off-Peak On-Peak Mid-Peak Off.Peak On.Peak I Mid Peak Off.Peak
i

2 IIP26 Lift Pump 26 I 138 138 414 3,447 3,447 10,340 NA NA NA

! lp-15 LH1Pump 16 1 135 158 414 2,001 2,068 11,204 NA NA NA

Energy-Efficient Motor Operating Parameters

I Energy P,eeauree Opportunity Operating Sahedule Energy Consumption EnergyOemamd(kW)

Sum Monthly Peak Coincident

Equip Type of Rating t of Hre Hre Hre kWh kwh kw)s 1

lD Code Motor hp Mtre On-Peak Mid-Peak Off-Peak On.Peak MkI-Peak Off.Peak On.Peak i Mid Peek Off-Peak
I

' 2 e-lp-25 Lift Pump 25 1 138 138 414 2,750 2,750 8,260 NA NA NA

1 e-lp-I 6 Lift Pump 16 1 138 I)l 414 1,670 1,070 6,011 NA NA NA

Energy-Efficient Motor ERO Economic Parameters
EemmmnieaPummetare First Year Savings LHe.Cl_id Cost

" " " I-I"" I"'1- *'''" v'''Cost $ IU Co_ $ ROF O&M $ O&M $ Yr $ IU kWh kW.mo $ ROF index

2 NA 1,771 0 0 16 NA 3,483 NA 174 NA 174 ROF 2,168 1.47

I NA !,225 0 0 16 NA I,Ull NA 100 NA 100 HeF 1,177 1.13

Notes (for Section 2.6 Tables):

Equipment

Code Description

Ip-25 Sewage Lift Pump - 25 hp
lp-15 Sewage Lift Pump - 15 hp

An "e-" prefix denotes energy efficient motor of same size
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2.7 WATER WELL AND BOOSTER PUMP MOTORS

This analysis considereda primary efficiencyoption which involvesthe

replacementof a single-speedstandard-efficiencymotor with a high-efficiency

model. All well pump motors and booster pump motors are included in this

_nalysis. There are nine well pumps and fourteenbooster pumps at VAFB. The

replacementof currentlyinstalledstandard efficiencymotors with high-

efficiencymodels was evaluatedon both a replace-immediatelyand replace-on-

failure basis.

An inventoryof motors was developed based on equipment listings,and

contactwith site personnel. In addition,sizes, functions, and quantities

were cataloguedduring site visits to VAFB. From this informationa total

motor equipmentcharacterizationwas derived.

Description

The energy-efficientmotor retrofit involvesreplacingthe existingwell

pump motors and booster pump motors with energy-efficientmotors. The percent

efficiency improvementover a new standardmotor is a decreasing functionof

motor size. The well pumps and boosterpumps are very large, mainly in the

range of 60 hp up to 400 hpo The improvementfor these sizes of motors is

small, between I percent and 2 percent.

Assumptions

The performanceanalysis is based on the followingdata and technical

assumptionsspecific to this ERO:

• Fifteen-months(January1991 throughMarch 1992) of operationlogs
were available. The average annual kwh is based on the average kW
for a typical year.

• The distributionof the percent time on-peakand off-peak for the
well and booster pump motors is assumedto be identicalto
Vandenberg Air Force Base's on-post electricalenergy use breakdown
as a whole.

The economic analysis is based on the followingcost data and

assumptions:

• The maintenance cost difference between standardand energy-
efficientmotors is negligible.
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• The salvage value of a motor is negligible.

• Available standard-and energy-efficientmotor costs. (ACEEE 1991)

• The labor costs associatedwith immediatereplacementare as
follows" $363 for 60 and 75 hp motors, and $856 for motors over
75 hp.

• The motor service life is 15 years.

.Results

Quantitativeresults, presentedin Table 2.30, are discussed below.

Budqet Implications. The first cost of all cost-effectiveenergy-

efficientmotor retrofits is $132,652 consistingof the immediatereplacement

implementationsat $92,193 and the replacementon failuremeasures at $40,459.

Enerqy, Demand, and Cost Savinqs. The electricenergy savings are

estimatedto be g36,881 kWh per year at a cost savings of $46,917 per year.

Demand savings are estimatedto be negligible.

Enerq.ySecurit.y.This ERO has no direct impact on energy security.

Operationand Maintenance. There will be no significantadditional

maintenancerequirement.

EnvironmentalIssues. This ERO has no direct environmentalimpact.
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TABLE 2.30. Motor EROs in Water Wells and Booster Stations

Existing Motor Operating Parameters
,.,,,

ExistkloEqulpmqmt OperatingSchedule EnergyCo(reumption EnergyDemandikW)
- SumMonthlyPeakCoinnident

Equip Typeof Ratln0 # of Hre Hre Hre kWh kWh kWh :

10 Code Motor hp Mire On#oak Mid-Peak Off#oak On#oak Mid.Peak Off#oak On#oak i MidPunk Off#oak!
14 hp400 Boo_lump 400 I 61 61 163 20,407 20,407 01,222 NA NA NA
13 hp.150 8oo01lump 160 4 614 614 1,842 308.422 308,422 926,286 NA NA NA

0 hp100 Boostlump 100 4 267 267 771 102,847 102,847 308,641 NA NA NA
5 lip.e0 BoOstlump $0 2 200 200 170 34,783 34,783 104,349 NA NA NA
3 hiP260 Boostpump 260 I 12 02 180 16.628 16.628 46,584 NA NA NA
2 I)p-250 Boostpump 260 2 03 03 280 46,664 40,004 139,763 NA NA NA
0 wp-76 Wellpump 76 1 882 802 2,687 64.080 04.006 104,068 NA NA NA
7 wp-76 Welllump 76 I 648 648 2,646 71,130 71,130 213,400 NA NA NA
4 wlPOO Wellpump 60 1 821 121 2,783 66,268 66.268 106,804 NA NA NA
6 wp.76 Wellpump 76 I 1,723 1,723 6,170 120,202 120,202 317,786 NA NA NA
8 wp-100 Wellpump 100 I 104 104 491 16,379 10,379 48,137 NA NA NA

2 wp-10 Wellpump 00 1 338 330 1,013 20,263 20,263 80,760 NA IdA NA
3 wp.76 Wellpump 76 ! 0 0 0 4 4 12 NA NA IdA
I w1_100 Wattlump 100 I 178 178 634 17,700 17,700 63,370 NA NA NA
I wpT6 Wellpump 76 I 230 238 718 17,810 17,890 63,871 NA NA Ilia

Energy-Efficient Motor Operating Parameters, ., .,.

EnergyIloaoureeOplurtunky OpuretklOSchedule EnergyConsumption EnergyDe_n_md(kW)
..... 8am MonthlyPeakCoincident

Equip Tylu of Ratk_O ,of Hre Hre Hre kWh kWh kWh ,

lD Code Motor hp Mire On#oak MkI-Poak Off#oak On#oak Mkl-Poak Off#oak On.Peak i Mid Peek Off#oak
14 NPump 400 1 61 61 163 "16,271 10,271 48,812 NA NA NA
13 e.bp.160 _ Pump 160 4 614 614 1,642 241,331 241,331 723,804 NA NA NA

0 e-hp.100 BoostPump 100 4 267 267 771 80,377 00,377 241,131 NA NA NA
5 e-hp-10 Doo_Pump 00 2 200 280 070 31,016 31,016 63,040 NA NA NA

3 e-bp-260 _ Pump 260 I 62 02 100 13,070 13,070 41,837 lM NA lM
2 e-hp*250 _ Pump 260 2 63 83 280 41,837 41.037 126,810 NA NA NA
0 e-wlP76 WellPump 76 082 882 2,687 60,864 60.064 162,681 NA NA NA
7 o-wp-76 WellPump 76 848 048 2,846 66,128 66,026 107,774 NA NA NA
4 e-wp-e0 WeftPump 00 021 021 2,763 43,404 43,484 130,462 NA NA NA
6 e-wp.76 WellPump 76 1,723 1,723 6,170 101,821 101,021 304,863 NA NA NA
0 o-wp-100 WellPump 100 104 104 401 12,000 12,100 38,401 NA NA NA
2 o wpO0 WeilPump 00 338 338 1,013 16,636 16,836 47,804 NA NA NA
3 e-wp.76 WellPump 76 0 0 0 3 3 10 NA NA NA
O e wp 100 WellPump 100 178 178 634 13,063 13,003 41,710 NA NA NA
1 e-wp-76 WellPump 76 230 230 710 14,421 14,428 43,263 NA NA NA

Energy-Efficient Motor ERe Economic Parameters
., -', ..,

Eeemomk=Peremotore FirstYearbvinos LHe*CyeleCost

10 First First ! Before I After I LH' _ nO._d J Energy I Demand JTnl Ali I- Iv.Coat$ PJ Coat0ROF O&M$ J O&MS I Yr J ,PJ kWh I kw'm° I ' i t I t. ROF J $ J Index
ilA 17,136 0 '0" 16 NA 20882 NA 103; NA 163e nOF 11630 012

13 38._ NA o o It NA 336,411 NA ..78o NA 1o.7oom 238,o21742
8 21.141 BA 0 0 16 NA 112,340 NA 6,020 NA 6,820 IU 77.674 405
o 6,412 NA o o 16 NA i0,.7 NA m NA _. ., ,0,674 I.
3 NA 0,870 o o 16 NA 77. NA 308 NA 300 ,oF 2,633 o44
2 0 13.060 0 0 16 NA 23.238 NA 1.104 NA 1.104 ROF 10.106 0.70
0 3,433 NA o o 16 NA .,IOl u :.,_ NA 3,,63 m 41,3. I1OO
7 3.433 NA o o 16 NA 70,000 NA 3..00 NA 3.000 ,, 63.4201z16
4 3,,370 NA 0 0 15 NA 68,021 NA 2,061 NA 2,051 PJ 42,406 13.33

3,,=_ . o o ,6 NA 130,2. NA 8.021 NA 6,,21 _ ,,.2,6 22.6,
, 6.267 NA o 0 16 NA ..002 NA 8,o NA m ,,, 11.8822.4,
2 2,720 NA o o 16 NA 21,6Ol NA 1.0:1 NA i,OOl m 14,2. 44,
3 NA 2,380 0 0 16 NA 4 NA 0 NA 0 ROF ga 0.04

0 5,287 NA 0 0 16 NA 10,434 NA 073 NA 073 RI 13,017 2,72
I 2,677 NA 0 0 16 NA 17,313 NA 807 NA 807 RI 11.062 4.35
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Notes (for.Section 2.7 Tables):

Equil_nt
Code Description

bp-400 Well Water BoosterPump - 400 hp
bp-250 Well Water BoosterPump - 250 hp
bp-150 Well Water BoosterPump - 150 hp
bp-lO0 Well Water BoosterPump - I00 hp
bp-60 Well Water Booster Pump - 60 hp
wp-lO0 Well Pump - I00 hp
wp-75 Well Pump - 75 hp
wp-60 Well Pump - 60 hp

An "e-" prefix denotes energyefficientmotor of same size

s
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2.8 PACKAGED SEWAGE SYSTEM PUMP MOTORS

All packaged sewage system pump motors are included in this analysis.

There are sixteen sewage system stations at VAFB. The pump motors at these

stations run 24 hours a day annually. An inventoryof motors larger than I hp

was developed based on equipmentlisting, and contactwith site personnel.

This initial analysis consideredthe replacementof the motors with high-

efficiencymodels as well as 2-speedmotors. Both of these options were

evaluatedon both a replace-immediatelyand replace-on-failurebasis. The

analysis indicatedthat replacementof the motors with 2-speed technologywas

the most life-cycle-cost-effectiveoption. This sectiondescribes the

analysis and resultsof the 2-speed option.

Description

The two-speedmotor retrofit involves replacingthe existing motor with

a two-speedmotor and adding a level switch to the existing three- or four-

level control system.

AssumDtion_

The performanceanalysis is based on the followingdata and technical

assumptionsspecificto this ERO:

• Fifteen-months(January1991 throughMarch 1992) of operation logs
were available. The averageannual kWh is based on the average kW
for a typical year.

• The distributionof the percent time on-peak and off-peak for the
sewage lift stationmotors is consideredto be identicalto the
base energy use breakdownas a whole.

• Two-speedmotor operationis at high speed 10 percent and at low
speed 90 percent of its total operatingtime.

• The head developed by the existing pump is due half to turbulent
pipe friction loss and half to static head.

The economic analysis is based on the followingcost data and

assumptions:

• The maintenancecost differencebetween standard and high
efficiency is negligible.
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• The salvage value of the motor is negligible.

• The installed cost of a two-speed motor controller is $100. The
cost of a two-speed motor is $200 plus $15 per hp.

• The labor costs associated with replacing immediately are as
follows: $132 for motors of 10 hp and less, $221 for 15 hp to 30 hp
motors, $363 for 40 hp to 75 hp motors, $856 for motors over 75 hp.

L

• The service life of a pump motor is 15 years.

Results

Qu_ntltativeresults of the ERO analysis are presented in Table 2.31.

The results are discussed below.

Budget Implications. The first cost of all cost-effective2-speed

sewage stationmotor retrofits is $6,516.

Enerqy.Demand, and Cost Savinqs. The electric energy savings asso-

ciated with all cost-effectiveimplementationsof this ERO are estimatedto be

163,806 kwh per year at a cost savingsof $7,084 ;,eryear. Demand savings are

negligible,amountingto about 2 kW per year with a cost savings of $11 per

year.

Enerqy Security. This ERO has no direct impact on energy security.

Operation and Maintenance. There will be, on the average, slightlymore

maintenanceassociatedwith the additionalcontrol circuitelements. Backup

pump failures will generallyoccur less frequentlywhile lead pump failures

will occur correspondinglymore frequently,resulting in a negligible increase

in motor maintenance.

EnyironmentalIssues. This ERO has no direct environmentalimpact.
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TABLE 2.31. Motor EROs irlPackagedSewage Systems

Existing Motor Operating Parameters
Exk_kl0EqukImonT Operetbglehodule Energy¢cmoumptio. EnergTDemandqkWl

km MonthlyPeakCoknekkmt

Equip T_I4 td Ih_inO # td iin Hre Nra kWh kwh kwh
lD Code Motor kp Mire On.Peek MM-Peek Off.Peak On.Peak MM.Peek Off-Peek On-Peak MidPeak Off.PeakI

2 Ip-6 SewagePump 6 2 1.742 1,742 1.220 17,419 17.410 62,268 110 NA NA
4 ep-$ Iewl0e PUmp ] 2 1.742 1,742 6,220 10,4U1 10.461 |!.]64 72 NA NA
6 Ip-1.23 Iewl0e Pump 1 I !.742 1,742 6,220 2,317 2,317 e,e60 10 NA NA
I ip-2 Iewige Pump 2 1 1,742 1.742 6,220 3.484 3,484 10,462 24 NA NA
l ep-7.S kwale Pump I 2 i,742 1.742 6,221 21.120 20.120 78,117 170 NA NA

12 ep-1.1 kwqe Pump 2 I 1.742 1,742 6,226 2.113 2,113 7,13| 18 NA NA
10 lp-3 Ikmm_ Pump 3 S 1,742 1,742 6,221 28,129 21,121 70.]08 170 NA NA
13 Ip-I IewIOePump I I 1,742 1,742 6,22A 1,742 1,742 1,228 12 NA NA
14 ip-2 Iewloe Pump 2 I !,742 !,742 |,228 3,484 3.484 10,481 24 NA NA

Tw,)-Speed Motor Operating Parameters
Eneqrfles_rea eppenun_y OpendimOkhdub Eneq_Conoumptkm EnergyDemand(k_

km MonthlyPeakCoklekkmt

Equ_ TI_ sf Ikltm0 I sf Hre Hre Nm tdtt_ _ kwh
lD Cede lictor kp kiln On-Peek MM.Peek Off.Peek On-Pik MM.Peek Off.Peek On-Peek Mid Peak Off-Peak

2 2-Jp-I lewq, Pump S 2 1,742 1.742 8,22i 17,443 17.443 22,441 118 NA NA
4 2-ep-3 IowIOePv_p ] 2 1.742 1.742 8,220 10.012 10.812 13.807 74 NA NA
S 2-Ip-1.33 IewIOePump 1 1 1.742 1.742 6,221 2.413 2,403 3.200 17 NA NA
8 2-ep-2 IewIoe Pvmp 2 ! 1,742 1,742 8,221 3,Ul 3,188 4.760 26 NA NA
I 2-sp-7.S kwege Pump t 2 1.742 1.742 8,221 24.184 24,114 27,028 118 NA NA

12 2-Ip-l.S Ieweoe Pump 2 I 1,742 1,742 8,221 2.112 2,112 3.116 18 NA NA
18 2.ep-2 IewIOe Pump ] S 1,742 1,742 1,220 27,030 27,0_8 14,743 116 NA NA

13 2.ep-I Ieweoi Pump I 1 1,742 !,742 1.220 1,102 1,882 2,441 12 NA NA
14 2"qP2 Iknnge Pump 2 I 1.742 1,742 8,228 I,lU 1,118 4,780 26 NA NA

Two-Speed Motor ERO Economic Parameters
Eeamem_ePinIeelem Fk_ Ve,rkvk,ls Lifo-Cl_lO

" " " I'* I'1- -I-I:"l :-dI*'"Cea $RI C_ $llOF OMII $ O&M$ Yr $ la _ IdlY.mo $ ROF Index
..

2 iii BA
4 414 liA i 0 16 liA 11,738 (2) 712 i13) 700 iU 1.182 1.31
6 147 NA O O 16 NA 3.]82 |1) 141 Iii) 116 IU 1,610 ?..71
8 241 BA O 0 Ii NA 1,278 (10 221 (7| 214 IU 2,018 4.17

8 l,lli lM 0 O li NA U,2]O I1 2,4&1 18 2,I26 IU 36,10I 11.61
12 128 iiA 0 0 11 UA 3,126 11| 181 {7) 112 IU !,118 1,i3
18 2.488 iV, O 0 16 NA 41,843 ||) 1.702 121) 1.7|0 IU 23.41] 0.07
12 277 NA 0 0 !1 NA 2,400 11) I01 iii) OI IU 1,030 2.22
14 147 NA 0 0 I1 NA 5,377 |1) 221 {71 214 IU 2,724 4.80

Notes (for Section 2.8 Tables):

Equipment

Code Description

sp-7.5 Sewage Pump - 7.5 hp

sp-5 Sewage Pump - 5 hp

sp-3 Sewage Pump - 3 hp

sp-2 Sewage Pump - 2 hp

sp-1.5 Sewage Pump - 1.5 hp

sp-1.33 Sewage Pump - 1.33 hp

sp-1 Sewage Pump - I hp

A "2-" prefix indicates two speed motor with similar maximum size
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2.9 TRANSMISSIONAND DISTRIBUTION

Even with efficienciesnear 95%, distributiontransformersrepresentthe

largest componentof transmissionand distribution(T&D) system energy

consumption. Thus, the reductionof transformerloss is the primary energy

resource opportunityin this section. A secondaryERO, conservationvoltage

reduction (CVR), is brieflydescribed at the end of this section.

2.9.1 Transformer Enerqy Resource Opportunities

As described in Volume 2: BaselineDetail (Halversonet al. 1993),

transformerloss consistsof both load and no-load loss. Load loss results

when the electrical currentcreates resistive heating in the transformer

windings. This loss varies as a function of the load or current squared (an

IZR relationshipwhere I is current and R is resistance). No-load loss

develop in the core of the transformer,caused by induced current in the

metallic core material. This loss is a function of transformervoltage, and

thus is not a function of the power system load. Because transformercapacity

at VAFB is currentlybeing underutilized,the averagetransformer loads are

much lower than the averagecapacities. This results in relatively small load

loss, with the no-load loss becoming dominant. Therefore,the transformer

energy consumptionwill not be affected greatly as a result of other ERO

implementationthroughoutVAFB.

In order to reduce the transformerenergy consumption,a total of eight

transformerEROs were considered. The eight options includeboth replace-

immediatelyand replace-on-failureimplementationoptions of four basic EROs:

Reducing only no-loadtransformerlosses:

• Replace transformerswith amorphouscore transformers.

• Replace transformerswith improved silicon steel core transformers.

Reducing both no-load and load transformerlosses:

• Replace transformerswith amorphouscore transformersand improved
winding efficiency.

• Replace transformerswith improvedsilicon steel core _ansformers
and improved winding efficiency.
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The tradeoff of efficiencyand cost is a major factor in the specifica-

tion and constructionof transformers. Transformerscan be built at several

efficiencylevels for a given capacity size. Typical transformerlosses,

which are representativeof conventionaltransformertechnology,are given in

Volume I for transformersizes found at VAFB.

Amorphous steel transformercores are a relativelyrecent development.

Transformerno-load losses can be reduced by about 70%when amorphous steel is

used for the transformercore. However, the amorphoussteel is more expensive

than conventionaltransformercore siliconsteel, increasingthe cost of a

typicaldistributiontransformerby about 40% (Brookset al. 1986). As amor-

phous core transformersare typicallysmallerthan 1,000 kVA, this analysis

only considered the amorphouscore option for transformersless than 1,000 kVA

capacity.

Using improved siliconsteel for transformercores is anothermethod of

reducing transformerno-load loss. This can result in no-load loss reduction

of about 25% with a correspondingincrease in transformercost of 20%, as

compared to a conventionaltransformer(Brookset al. 1986).

Both of the technologiesdescribedabove affect only the no-load loss

through the use of improvedcore materials. However, load loss reduction is

also possible by using more windingmaterial to reduce the resistanceand

hence the load loss of the transformer. For both of the above technologies,

it is assumed that the load loss can be reduced by 20% with a 10% increase in

the capitalcost as compared to a conventionaltransformer. This assumption

is based on transformermanufacturertechnicaldata (WestinghouseElectric

Corporation1981).

Cost Estimation

Because transformerscan be specifiedand manufacturedin many different

configurations,obtainingcosts that can be widely applied is difficult. For

example, the transformerefficiencyand cost for a particular size of trans-

former is usually optimizedfor the customer'sspecific energy cost by a

specificvendor to minimize the total life-cyclecost. In order to estimate

t_asformer costs, the 1992 Means ElectricalCost Data sourcebookwas used
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(Means 1991). Means is often used by contractorsto estimate initialcost of

technologiesused in projects. Used in the context of this analysis, it is a

useful cost estimatorfor contractor-installedprojects, becausemajor

transformerretrofitwork would likely be performedby a contractor.

Means data is separatedinto material and labor cost measures. The

material cost is the initialtransformercost, while the labor cost includes

the labor, installationequipment,and contractoroverhead and profit. Trans-

former costs as a functionof capacity and voltagewere extracted from Means

and are presented as Figures2.1 and 2.2.

Material cost for the large transformersat VAFB (greaterthan 750 kVA)

are given in Table 2.32. These costs were estimatedusing a transformerprice

list (WestinghouseElectricCorporation1987) and adjusted to 1992 dollars

using Means historicalcost data.

The Means data shown in these two figureswas used to create scaling

relationshipsbetween transformercapacity and cost. The material cost data

was separated into two categories: transformerswith capacity less than or

equal to 100 kVA, and transformerswith capacity greater than 100 kVA and less

than 750 kVA. A curve fit of the data was performedfor each, with the

resulting equationsused to estimate the cost of all transformerswithin that

category.

For transformersrated under 100 kVA, data for dry-type units with

voltage rating of 240/480-120/208volts was used to develop Equation2.1. A

scaling factor of 1.2 was includedto adjust the cost of the transformerfor

distributionvoltage, estimatedfrom the relationshipof cost and voltage

shown in Figure 2.1.

TransformerMaterial Cost (1992 $) = 175 S0"608 (2.1)

where S = Transformercapacity (kVA) for 0 < S _<100
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FIGURE 2.1. Means Transformer Material Cost
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FIGURE 2.2. Means TransformerLabor Cost
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TABLE 2.32. Large TransformerHardware Cost

Primary Secondary Capacity Cost
Ivolts) . {volts) ....(RVA) {$ 1992)

69,000 12,000 2500 44,033

3750 48,677

7500 76,686

10000 92,373

69,000 4160 3750 47,732

12,000 4160 2000 23,409

5000 38,343

12,000 2400 750 16,406

I000 17,528

12,000 480 750 16,243

1000 17,354

150_ 19,579
2000 22,948
2500 25,346

12,000 208 750 _7,055
1000 18,743

4160 480 750 15,529
1500 20,068

For transformersizes between 100 kVA and 750 kVA, the'curve fit used

the pad mount 5,15 kV voltage categorydata to develop Equation 2.2.

TransformerMaterial Cost (!992 $) = 639 S0"477 (2.2)

where S = Transformercapacity (kVA) for 100 < S < 750

All transformershave similarlabor installationcosts regardless of

transformercapacity and were combined into a single equation given below.

Labor InstallationCost (1992 $) = 209 S0"457 (2.3)

where S = Transformercapacity (kVA)
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Finally,costs were adjusted by the Means City Cost Index,which account

for differences in material cost and labor rates for various parts of the

countrywith respect to a national average. For Santa Barbara, California,

(the closest city to VAFB), the material cost index is 0.988 and the labor

cost index is 1.133.

While the old transformersbeing removed have some salvagevalue, this

analysis assumes the benefitwill be approximatelyequal to the labor demol,-

tion and disposal costs and could be subsequentlyignored.

Annual Enerqy Savinqs

The rate schedule used in this analysis to calculate annual energy and

demand charge savings is given in Table 2.33.

The annual savings of the various transformerEROs considered are

calculated in a three-stepprocess. First, the peak power demand reductionis

calculatedand multiplied by the monthly demand charges over the year.

Second,the no-load loss reductionis multiplied by the weighted average of

energy cost. Finally,the load-lossreductionis computed as described below.

TABL(E2.33. PacificGas and Electric Rate Schedule E-20:
ElectricService to Customerswith Maximum Demand
of 1,000 kW or More, EffectiveJanuary I, 1992

Summer Winter

Energy Rates (S/kWh)
Peak 0.08485 N/A
Partial Peak 0.05759 0.04924
Off Peak 0.04397 0.04265

Demand Charge (S/kW)
Maximum Peak-Period 9.00 N/A
Non Peak-PeriodMaximum 0.60 0.60

Definition of Time Periods

Season May l-Oct. 31 Nov. l-Apr. 30
Peak noon-6pmM-F N/A
Partial Peak 8:30am-noon& 8:30am-g:3OpmM-F

6pm-9:30pm M-F
Off Peak 9:30pm-8:3OamM-F 9:30pm-B:3OpmM-F

Sat, Sun, Holidays Sat, Sun, Holidays
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Since the load-lossvaries as a functionof the square of the load, and

differentenergy rates apply based on time-of-use,a detailed load consumption

model was developedfor this analysis. An arbitraryload duration curve,

shown in Figure 2.3, is assumed, and is expressedwith Equation 2.4. The

slope of the curve is determinedby "a", which is a function of the load

factor (averagepower divided by peak power). When "a" is zero, the power

profile is flat and the load factor is equal to one.

p =e -°' (2.4)

I-

0.9_0.8

_ 0.7-

o 0.6-
o Peak

Partial-peak

0.4- __
o
Q..

0.3- Off-peak

'_ 0.2-

0.1-

0-

0 0'.1 0'.2 0'.3 014 0'.5 o.r6 0'.7 0'.8 0'.9
Fractionof time rate period applies

FIGURE 2.3. Weekly Load Duration Curve Used for Time-of-LossCalculation
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The average power is given in Equation2.5, which is the same as the

load factor since the peak power is normalized.

I

FLD = le-at (2.5)

where FLD= Load Factor

The factor "a" can be explicitly calculatedas a function of the load

factor, FLD. This equationwas solved by iterationwith a curve-fitapplied,

_,hichis given in Equation 2.6.

-3. 779FLD (2.6)a = 10.277e

where FLD= Load Factor,which can be appliedover the ranqe 0.3 _ FLD< 0.8

The average power consumed during each of the rate periods (peak,

partial-peak,and off-peak)are given in Equations2.7, 2.8, and 2.9,

respectively,where Ti is the fraction of time when that particular rate

applies. The total load loss for each of the rate periods is the normalized

square of these averages,as shown in Figure 2.4.

.---- -eTlPave(Peak Period) = ] [1-e ] (2.7)
aTI

where Ti = T1

-aTI -s(TI+T2)
Pave(Partial-PeakPeriod)= -_-1[e -e ] (2.8)

aTz

where Tr = Tz
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FIGURE2.4. Load Loss Distribution Between Rate Periods

L

P,,,(Off-PeakPeriod) I -,(T,+T_ -=]= _[e -e (2 9)
aT3

where T_= T2

Results

The four transformerEROs describedpreviouslyare summarizedin

Table 2.34. Both retrofit EROs, in which the transformersare immediately

replaced with the new energy-efficientunits, and ROF EROs where new trans-

former technologyis graduallyphased in as transformersare replaced at VAFB,

have been analyzed.

Figure 2.5 shows the NPV of the four transformerEROs for the retrofit

option. In these cases, the full cost of the material and labor and the

increasedincrementalcost of replacementafter 15 years must be offset by

sufficientaccumulatedenergy savingsto justify the investment.
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TABLE 2.34, TransformerERO Options

ERO Cost Loss Reduction (%)
No___:. Description Factor No-load Loa____dd

I Improvedsilicon steel core 1.2 25 0

2 Amorphous core 1.4 70 0

3 Improvedsilicon steel/windings 1.3 25 20

4 Amorphous core/improvedwindings 1.5 70 20

-12C
10 100 1000 10000

Nameplate capacity,kVA

FIGURE2.5. NPVfor RI EROs

"[heNPV for the ROF EROs are shown in Figure 2.6. Only the increased

incrementalcost of the energy efficienttransformerincludingthe replacement

cost must be offset by accumulatedenergy savingsto economicallyjustify

investmentin these cases.

Annual energy savings are calculatedby adding the energy savings of the

transformerEROs with the highestpositive NPV. This is given in Figure 2.7

for the ROF EROs. These values assume that all transformersin each size

category have been replacedwhen the NPV is greater than zero with new
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high-efficiencyunits. Sincethis is an ROF scenario,this wouldrepresent

the annualenergysavingsin 2007,15 yearsfromthe present. The annual

energysavingsin any particularyear priorto thiswouldbe a fractionof

this,dependingon the transformerreplacementschedule.

From Figure2.7, ERO #2 (amorphouscore)is the most cost-effectiveERO

for all transformercategoriesbelowI000kVA (thehighestNPV of all positive

NPVs). However,,ometransformercategoriesunderI000 kVA are not cost

effectiveand havenegativeNPVs. This paradoxappearsto be a resultof

modelingNPV resultswith the simplifiedcostmodel. First,thereis dis-

continuitybetweenhardwarecostof the largerand smallersizes,defined

arbitrarily.Secondly,the costmodelhas beensimplifiedto accountfor only

kVA,whilethe lossdata accountsfor numberof phasesand voltagein addition

to kVA. In addition,load informationusedto estimatelosses(seeVolumeI)

is an averageof all transformersratherthan lossby each individualtrans-

fo_er. All transformersunderI000kVA are assumedto be replacedregardless

of the NPV. This resultsin an overallpositiveNPV of $II,000,with total

annualenergysavingsof 2,582,608kWh.

For transfot_nersizesover I000kVA,bothERO #I and ERO #3 (improved

siliconsteelcorematerialwithoutandwith improvedwindings,respectively)

are optimumfor specifictransformers.Some of thesetransformersare more

heavilyloadedand the decreasein loadloss is more substantialwith respect

to an,ualenergyloss savings. However,for reasonssimilarto thosestated

for ERO #2 above,the'entirecategorywill be analyzedtogether. Summing

transformer NPVsfor s_zes over lO00 kVA, ERO#1 has a positive NPV($38,000)

while ERO#3 has _ negative NPV(-$35,000). Therefore, ERO#1 can be applied

to all transformers over 1000 kVAwith a positive overall NPVwith a total

_nnual er)ergy savings of 467,188 kwh.

To summarizethe ._o'J._s, replacing all of the transformers under

1000 kVA with amorphouscore transformers and those over ]000 kVAwith

improved silicon steel core material is cost effective using the LCCapproach

defir, ed. Uponcompletion of phased implementation (estimated at 15 years), a
total energy savings of about 3,050,000 kwhper year would occur, which

represents more than 40%of '_ne current transformer annual energy loss.
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Conclusions

No cost-effectivetransformerEROs exist for any of the retrofit options

because material and labor cost investmentis too high to offset the accumu-

lated energy cost savings. There is, however, significantpotentialfor

energy savingswith a ROF strategy. Annual energy savingswould accrue as the

new energy efficient transformersare substitutedfor currentconventional

transformers,with eventuallythe entire VAFB stock consisting of high-

efficiencytransformers.

The no-load loss is highly dependanton the transformersize. As

described in Volume 2: BaselineDetail (Halversonet al. 1993) the average

transformercapacity for VAFB is much greater than the actual peak load,

resultingin much higher no-load losses than necessary. The potentialto

reduce this loss, by using transformersizes closer to the actual require-

ments, is discussedbelow.

Transformeroverload resultsin greater temperaturerises than the unit

is designed to tolerate. Transformerlife is shortenedthrough insulation

degradation. The temperaturerise is affectedby ambient Zemperature,pre-

load conditions,and duratioa of the peak loads. For example, a minimum life

expectancy of 20 years can be expected at 9SoC and 100°C hot-spot temperatures

for transformersrated for 55oC and 65°C rise respectively(GSnen 1986). A

more practicalguideline is that transformerscan be regularlyloaded at 150%

to 200% of nominal capacity without seriousreduction in insulationlife

(ANSI/IEEEC57.92-1981).

When practical,transformersshould be sized to minimize the total NPV

estimated for the life nf the transformer. This includes initialhardware,

install_ion, an_ the accumulatedenergy loss costs. However, considerations

of projectedload growth or special circumstancesneed to be includedwhen

determiningthe size. Special considerationsmight includemeeting critical

loads with larger transformersthat offer increasedlevels of reliabilitythat

provide safeguardsagainst interruptionsin electricitysupply.
¢

Based on metered power consumptiondata and the connectedtranstbrmer

capacity (roughly30 MW annual peak and over 170 MVA), there are opportunities
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to potentiallyreduce transformersizes at VAFB. This would not only result

in reduced transformerenergy consumption,but would also provide capital and

labor cost savingswhen compared with installingtransformerswith similar

capacity. Although it is unlikely that any retrofit opportunitiesexist, it

is extremely likely (basedon the results of this study) that opportunities

exist to reduce the transformercapacitiesof new units being installedto

replaceworn-out, existing ones. Coupledwith the energy efficientunits

analyzed in this report, new strategiesfor transformer installationcould

result in significantcost savings.

2.9.2 ConservationVoltaqe Reduction

Conservationvoltage reduction (CVR) regulatesfeeder voltage so that

the load farthest from the substationis maintained at the minimum acceptable

voltage under all load conditionson the circuit. InstallingCVR can reduce

feeder voltage by severalpercentwithout reducing performancein end-use

loads. CVR used as a load management,,iuasurehas shown that energy consump-

tion is reduced by approximately0.7% for each I% reduction in voltage

(Secrestet al. 1991).

The National Electric Code specifiesthat the service voltage must

remain within 5% of the nominal rating at all times (Earle_et al. IgBg).

With distributionfeedersthe voltage drop is a function of load and voltage

taps at substationsare therefore set to provideminimum voltage at the end of

the feeder during full-loadconditions. Throughoutmost of the loading cycle,

however, the voltage for much of the feeder is higher than the minimum allow-

able voltage becausethe voltage drop on the feeder is usuallyless than it is

during fulI load.

A study performedby PNL for BonnevillePower Administrationin the

Pacific Northwest showed substantialcost-effectiveconservationpotential

using CVR at energy costs lower than $O.05/kWh (De Steese et al. 1987). The

best opportunitiesfor CVR are dense energy-useareas with feeders3 to

12 miles long, which is similarto the situationat VAFB. Therefore, VAFB is

expected to be an ideal candidate for some level of CVR implementation. The

further detailed evaluation that would be requiredto determinethe extent of

the CVR potential at VAFB was beyond the scope of this analysis.
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2.10 TRANSPORTATION

This analysis consideredthe VAFB motor vehicle fleet consisting of

approximately670 United States Air Force (USAF)vehicles and 547 General

ServicesAdministration(GSA) vehicles. These vehicles consist primarilyof

cars, pickups, vans, trucks,buses, stationwagons, and forklifts and their

life expectancy ranged up to 14 years. No tacticalUSAF vehicles were con-

sidered in this analysis. They presentlyuse unleaded gasoline or diesel

fuel. All of these vehiclescan be convertedto operate on compressednatural

gas (CNG) as a primary- or dual-fuelsource.

ConvertingUnleaded Gasoline Vehicles to CNG

Most unleaded gasoline-poweredcars and trucks can be convertedto

operate on CNG in either single fuel (CNG only) or a dual fuel (eithergaso-

line or CNG) configuration. Modificationsincludechanges to the fuel

delivery and carburetorsystem. Fuel injectedcars can also be easily con-

verted. The conversionequipmentconsists of fuel storagecylinders, a

pressure regulator, a gas/airmixer, a fuel selectorcontrol (for dual fuel

use), and a fuel gage. A typical vehicle can usually be converted to CNG in

less than a day.

Converting Diesel Vehicles to CNG

One of the primary advantagesof diesel fuel is its high centane rating

which allows the fuel to autoignitewhen sufficientlycompressed. Compression

ignition simplifiesthe diesel engine, as compared to spark plug engines, by

eliminatingthe spark plugs, distributors,and other electrical components.

Ordinarily natural gas will not autoignitedue to its low centane rating.

Therefore, some means of ignitingthe alternativefuel must be provided. Some

of the proven ignitionmethods are to add spark plugs, glow plugs, or use a

fumigationsystem. The traditionalapproach for having a diesel engine burn

natural gas is to add spark plugs and associatedelectronics. Rather than

make these extensive engine modifications,a fumigationsystem can be used.

A fumigation system burns naturalgas in tandem with diesel fuel. For this
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type of conversion,diesel is used as a "pilot fuel" for starting and for low

engine RPM operation. The amount of natural gas is increasedas engine speed

increases.

Retrofittinga diesel engine to CNG using a fumigationsystem is very

similarto converting a gasoline engine to CNG. The major difference is the

need for an RPM monitoringdevice to control the mixture of diesel and natural

gas. The mixture of fuels is controlledby either mechanical or solenoid

switches. Diesel is used to start the engine and is decreased as engine speed

increases. When engine speed drops off during gear changes, diesel again

becomes the primary fuel.

Assumptions

The technical assumptionsare as follows:

• Gasoline energy content is 110,000Btu per gallon.

• Diesel energy content is 135,000Btu per gallon.

• Unleaded gasoline vehicles are convertedto vehicles that use CNG
only while diesel vehicles are convertedto dual fuel vehicles
(dieseland CNG).

• CNG fuel efficiency is 7% greater than gasoline or diesel fuel.

• The fumigationsystem conversionused with diesel fuel vehicles
will operate with an overall averagefuel mix ratio of 40%diesel
and 60% CNG.

• Vehicle equipmentcode and description,number of vehicles,model
year, average approximateage, existing fuel type, and average
miles per year were supplied by USAF and GSA personnel at VAFB.

• Conversion costs range from $2,000 to $4,000 per conversion
dependingon the driving range, type of fueling system required,
and size of the vehicle. This was the only initialcost considered
in this transportationanalysis. Smaller vehicles like cars
generallyrequire fewer storagecylinders and are, therefore, less
expensiveto convert as compared with large trucks and buses.
Diesel conversion costs are generallymore than that of unleaded
fuel conversion becauseof the need for a fumigationsystem. There
will be additional initialcosts associatedwith building CNG
refuelingstations.

• These costs, however, were not includedbecause of insufficient
data concerning the number of refuelingstation necessaryat VAFB.
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A CNG refuelingstation similar to a typical unleadedgas or)dieselfueling stationwill, however,cost approximately$100,000._
The cost of the stationdepends on the size of the compressor
station and the number and capacityof fast-filland slow-fill
refuelingunits.

• O&M costs for vehi_b_esoperatingon CNG are estimatedto be reduce
by as much as 50%. This is primarilydue to CNG being a
cleaner burning fuel as comparedwith unleaded gas and diesel. For
example, tune-ups are required less frequentlybecause of less
carbon build-up on the spark plugs. In addition,oil changes are
required less frequentlyand engine and muffler life is often
extended with CNG vehicles. For this analysis,a conservative
average 25% reductionwas used.

• Some vehiclesat VAFB were not analyzed for this ERO; this
includes: electric vehicles (e.g., forkliftsand lift trucks),
special purposevehicles (wreckers,some maintenancetrucks, cargo
trucks, cranes), large maintenancetrucks (e.g., lift trucks,
armored personnelcarriers, fire trucks), and heavy equipment
vehicles (e.g.,trains, tractors,water sprayers,crushers,
pavement drills,ditch digging machines).

Results

The complete quantitativeresults of this ERO appear in Table 2.35 (VAFB

Existing TransportationOutlook) and Table 2.36 (VAFB TransportationOutlook

Upon Conversionto CNG-FueledVehicles). These tables contain specific

energy, cost, and economic performancedata. This ERO affectsapproximately
670 USAF vehicles and 547 GSA vehicles.

Budaet Implications. The estimatedpresent value of the initialcost

for those vehicles types being convertedto CNG use with a positive NPV is
$892,398.

_and Cost Savinqs. It is estimated that this EROwill result in a

PV of energy savings of $2,598,956 and an NPV of $3,533,055.

_nerav Security. Natural gas is a domestic energy source, whereas most

unleaded gasoline and diesel fuel use relies on imported oi!. For this

(a) "Fueling the Future: Oklahoma'sAlternativeFuels Program." 1992.
Oklahoma Natural Gas Company, Oklahoma City, Oklahoma.

(b) "EnvironmentallyClean CompressedNatural Gas: A New Motor Fuel for
Oklahoma." 1992. Oklahoma Natural Gas Company,Oklahoma City,
Oklahoma.
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reason, CNGvehicles are less vulnerable to world oil supply problems and cost
fluctuations.

Operations andMaintenance. O&Mcosts for vehicles operating on CNGare
estimated to be reduce by as muchas 50%.(a) This is primarily due to CNG

being a cleaner burning fuel as comparedwith unleaded gas and diesel. For

example, tune-ups are required less frequently becauseof less carbon build-up

on the spark plugs. In addition, oil changesare required less frequently and

engine and muffler life is often extended with CNGvehicles. For this

analysis, a conservative average 25%reduction was used.

Environmental Issues. Natural gas is a clean burning fuel. Emissions

are estimated to significantly reduced. Federal and state regulations highly

encourage CNGvehicles over standard fuels vehicles due to reductions in
emissions.

Discussion of Analysis Limitations. CNG-fueledvehicles typically have

a range of travel that is one-half that of existing unleaded gas and diesel
vehicles. These vehicles, however, can be retrofitted with additional storage

tanks beyondthat applied in a normal conversion. This analysis does not

includethe costsfor refuelingstations(approximateinitialcost of

$100,000).However,with an NPV of approximately$3.5millionfor this ERO,

thereis room for a constructionof a considerablenumberof refueling

stationswhile stillmaintaininga positiveNPV.

(a) "EnvironmentallyCleanCompressedNaturalGas: A New MotorFuel for
Oklahoma." 1992. OklahomaNaturalGas Company,OklahomaCity,
Oklahoma.
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3.0 CASESTUDYOF PROCESSLOADSAT SPACELAUNCHCOMPLEX-4

lt was estimated in the VAFBVolume 2: Baseline Detail (Halverson et

al. 1993) that almost 40% of the total energy use at VAFB is for mission-

critical activities directly related to missile and rocket launches. This

"process energy" encompasses actual vehicle-related activities as well as data

gathering, processing, and telemetry in support of launches. There are at

least 150 facilities at VAFBwhose primary energy use is included in the proc-

ess category.

There are six steps that every launch vehicle goes through during the

launch process: receive, handle/hold, process, test, assemble, and launch.

Unfortunately, any further breakdown of the launch process at VAFB is diffi-

cult, including determination of energy requirements. As is evident by the

order of the steps in the launch process, a vehicle is not fully assembled

until sometime just before the launch. Specific vehicle component parts do

not necessarily have the same receive, handle/hold, process, and test require-

ments, and therefore require different facilities and lengths of time in each

step. For example, it is difficult to compare or extrapolate the energy

requirements of a fairing cleaning facility to a payload assembly building,

even though they might both be involved in processing components of the same
vehicle.

The several types of vehicle launched at VAFB further complicate gener-

alizations in the analysis because each has its own requirements regarding

clean room conditions (temperature and humidity control), hazardous chemical

mitigation (oxidizer and fuel), payload air conditioning, electrical equipment

purges, etc. These differences translate into significant differences in

energy use. Ideally each process facility would be examined individually to

characterize its energy-use and recommend EROsspecific to that facility. A

detailed energy analysis of 150 process facilities is, however, beyond the

scope of this assessment.

Within the timeframe and budget of this project, it was decided that

most accurate picture of process energy use would be obtained by taking a case

study look at process energy use at a single Space Launch Complex (SLC) and
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associated pre-launch process facilities. The pre-launch process facilities

include the receive, handle/hold, process, test, and assemble steps of the

launch process. Although tracking, communications, and data processing build-

ings are also involved in the launch process, it was assumed that EROsfor

these types of facilities would be limited to standard ventilation-type EROs

with a launch-related cycle of usage. For the purpose of generating EROs,

characterizing the energy use for these types of facilities was not deemed as

important as development of process facilities EROs.

After examining information provided by VAFBstaff, visiting SLC-2, and

contacting personnel at the other SLCs, it was determined that SLC-4 was the

best candidate for study for the following reasons:

• Of all SLCs at VAFB, SLC-4 is probably the largest process energy
user.

• The mission support programs at SLC-4 will likely remain in place
for the foreseeable future.

• SLC-4 has a reasonably frequent launch schedule.

• SLC-4 has a good balance of new and older equipment and systems.

• Although all personnel contacted at VAFBwere courteous and
helpful, the personnel at SLC-4 were especially helpful and
responsive in providing necessary information to make this study
meaningful and accurate, while maintaining required security
measures.

Process energy analysis often requires a different analytical approach

than do other types of energy analysis. "Supply-side" analysis attempts only

to make individual pieces of equipment in a system use energy more effi-

ciently; this type of analysis is often adequate for commercial and residen-

tial energy systems, but is actually only one of many steps in process energy

analysis. Effective process energy analysis first requires that the process

itself be challenged. Experts in the field of process energy analysis maintain

that cost-effective energy reductions of 40% to 80% are not uncommonwhen

using this "demand-side" analysis approach.

There are many barriers to process energy analysis in industry because

of perceived risks regarding safety and quality. This is often justified by
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the enormous capitalthat the process-derivedenergy supports,as is the case

at VAFB. However, a growing list of industrialcompaniesare finding that

reductionin energy-useis not the only benefitto process energy analysis and

reduction;they are finding that two to three times the benefitof energy sav-

ings is found in additionalopportunitiesto reduce raw material losses,

reducewaste treatmentcosts, improveproduct quality, and increaseproduc-

tivity. By challengingfundamentalenergy requirementand exploringdifferent

process technologies,processenergy analysis can result in a safe, modified

processwith significantlylower consumptionand an increasein quality of the

end product. This type of energy analysishas the potentialto be very valu-

able at VAFB, especiall)given the possibilityof future commercial space

missions.

Ar_L1ysisof an existingprocess first requires that the energy use of

each step of the processbe quantifiedand accountedfor. Next, the energy-

intensivesteps are identifiedand evaluatedfor alternatives,using a func-

tional approachrather than an equipment-or technology-specificapproach

(e.g., by describing an existingdrying process functionallyas a "water

removal"process, potentialdrying methods other than thermal drying can be

explored). Then alternativesare examined and possibly tested on a small

test-bed scale to determine if they are cost-effective,safe, and result in a

qualityend product. Finally,when the most suitablealternatesare identi-

fied, each componentof the process system is optimized.

This type of analysis is very detailed and requires intimatefamiliarity

with the existing process requirements. This detailed analysismethod could

be appliedto the many unique processesat VAFB. Analyzingthese processesin

the detail requlred to achievethe energy reductionscited above is, however,

not within the scope of this study. Within the time and budget allottedfor

this study, there were three categoriesof processERO identifiedat SLC-4

where potentialprocess energy reductionswere significantand possibly appli-

cable to other similar systemsat VAFB:
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• Fuel and oxidizervapor mitigation EROs

• Gaseousnitrogen EROs

• Conditionedairspace EROs

The EROs for the first categoryprovide energy cost savingsand environmental

benefitas a result of changingthe process itself rather than solely optimiz-

ing processequipment. The EROs for the last two categoriesdid not actually

change the process, but rather optimizedspecific processequipmentfor sub-

stantialenergy and cost savings. The followingsectionsdescribe these EROs

in detail.

3.1 ENERGYCONSERVATIONAT ACTIVE SLCs OTHER THAN SLC-4

Becauseof time, funding, and informationavailabilityconstraints,the

scope of this assessmentonly consideredprocess energy conservationat SLC-4.

This SLC was chosen for the followingreasons:

I. SLC-4 has the greatestenergy use of any active SLC and, therefore, has
potentialfor a large energy savings impact.

2. Due to the secure nature of missions at the SLCs, significantassistance
was required from SLC operatingpersonnelto obtain the necessarydata
for economic analysis. This type of assistancewas only provided at
SLC-4.

3. The SLC-4 mission is relativelystable cnmparedto the transientnature
of the missions at other SLCs. For example, the SLC-5 mission to launch
Scout missiles will be changingwhen the current supplyof Scout
missiles is depleted (aboutthree years).

The SLC-4 analysis is generallyconservativebecausethis SLC is the

most modern at VAFB and, consequently,energy savingsare more difficult to

achieve. Although differencesexist between processand proceduralrequire-

ments in handling the differentvehicletypes, energy conservationthe other

SLCs may be possible by applyingsome of the EROs consideredat SLC-4.

3.2 FUEL AND OXIDIZER VAPOR MITIGATIONSYSTEMS

This sectiondescribes EROs associatedwith fuel and oxidizermitigation

systems.
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3.2.1 Replace HYdrazine Incineratorswith Bubble Cap Scrubbers

At SLC-4, hydrazine-basedfuel is used for Titan II and Titan IV

boosters. When the launch vehicle is ready to be fueled,the fuel is pumped

from a storagetank into the vehicle, using a closed-loopsystem to vent the

ta_.kas it empties. As the tank empties of fuel, it becomes full of nitrogen
d

gas which is saturatedwith fuel vapors. However, before the tank can be

refilled,the saturatednitrogen gas must be expelled. Hydrazine is very

corrosive and is consideredhazardous,so expellingthis gas directly to the

environmentis unacceptable.

Currently,SLC-4 uses propane incineratorsto remove the hydrazinefrom

the nitrogen gas by combustion. There are two incineratorsin use at SLC-4;

one is on the East Pad (SLC-4E),and one is on the West Pad (SLC-4W). They

were specificallydesigned for this purposeby Trane (La Crosse, WI) and

originally installedabout 10 years ago at another launch complex. Approx-

imatelytwo years ago, they were no longer needed at that location and were

moved to SLC-4.

Although this system is effectiveat destroyinghydrazine, it has

several drawbacks:

1. The incinerators,by their very nature,release various productsof
combustionthat are detrimentalto air quality. The incineratorsare
each permittedto operate only 144 hours per year to keep yearly
emissionsat a level acceptableto the Santa BarbaraAir Pollution
Control District (SBAPCD). This limits launch operations flexibility.

2. The incineratorsare moderately energy intensive. They use approx-
imately one gallon of propaneper minute, which is equivalentto
8640 gallons of propane per year per incineratorif they operated all
permittedhours. In addition,a 10 HP electric blower aids in exhaust-
ing gas from the incinerator.

3. Incineratorreliabilityis questionable. Each incineratorrequiresthe
near-constantattentionof four operationalpersonnel. The incinerators
also requirea warm-up and cool-downperiod to avoid damage to the ther-
mally sensitiverefractory insulation.

4. The incineratorsare maintenance-intensive.Since they are outdoors,
they are constantlysubjectedto the corrosiveeffects of sea fog. This
tends to cause moisture to build up in the brittle ceramic portionsof
the incineratorsand variousmetallic parts to rust over time. This
effect can be slowed by firing the incineratorsperiodicallybetween
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launches to dry them out, as is currently done about once a month for
each incinerator. However, various metallic parts stil! have to be
replaced on a regular basis.

On another part of VAFB, the Hypergolic Stockpile Storage Facility

(HSSF), an entirely different approach is used to deal with hydrazine destruc-

tion. A water-based scrubber system is used, which was designed several years

ago by the lllinois Institute of Technology Research Institute (IITRI -

Chicago, IL) for the Space Shuttle program. The scrubber consists of a column

containing 21 stacked trays of bubble caps (trays with small capped vents that

allow gases to bubble upward from tray to tray but prevent liquid flow down-

ward from tray to tray). Water trickles slowly through the scrubber from top

to bottom, while the gas stream containing the fuel vapor flows from the bot-

tom of the column to a vent at the top. At each tray, the gas comes into con-

tact with the water, where a portion of the fuel is absorbed by the water.

The scrubber design is elegant, simple, and effective.

In May 1984, a prototype was built and tested at White Sands Test

Facility in New Mexico. The test results showed the ability to remove 99.99%

of both hydrazine and monomethylhydrazine from _ flue gas stream, which is

well within levels acceptable to the SBAPCD(TP-WSTF-357, 1984; TR-357-001,

1984; TR-628-001, 1992).

The waste water from the scrubber is then collected in a storage tank

for treatment by a separate Hydrazine Waste Water Treatment System (HWWTS).

The HWWTSuses a combination of ozone and ultraviolet light to reduce

hydrazine concentrations in the water to less than 5 parts per billion (ppb)

and N-nitrosodimethylamine concentrations (a byproduct of the reaction) to

less than 100 parts per trillion (ppt). The existing HWWTSsystem has the

capacity to provide hydrazine waste water treatment for the entire Base.

A scrubber system has several advantages over the propane incinerators:

I. A scrubber uses very little energy, lt uses no fossil fuels, and the
only electrical energy used is to operate the water pump (about
0.75 hp). In addition, it requires no warm-up or cool-down period.

2. Scrubber operation is simple. The test report from White Sands shows
that the scrubber system is effective over a wide range of operating
conditions, including varying fuel concentrations, gas flow rates, and
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water flow rates. Thus, the system does not have to be watched and
tuned constantlyto achievedesired performance. Theoretically,each
scrubberwould only require one operator,but VAFB safety regulations
mandate that two operatorsbe presentduring operation.

3. A scrubber is easy to maintain,requiringthe replacementof a water
filter once a month.

4. A scrubberhas less environmentalimpact compared to incinerators. Its
only emission is waste water, which is easily contained,monitored, and
treated. Both the scrubber at HSSF and the HWWTS can be permittedby
the appropriateenvironmentalagenciesfor use.

The one disadvantageof the scrubbersystem is its high first cost

because it is custom-designedequipment. Although the engineeringfeasibility

of such a system is complete,custom fabricationis still required.

Assumptions

The followingassumptionswere made:

• A generic fully-burdenedlabor rate of $50 per hour was assumed for
craftspersonsand equipmentoperators,based on an average from
Means Cost Data for Californiaand past experienceat other govern-
ment sites.

• Both propane incineratorsare used at their maximum permittedlevel
of 144 hours per year. This includesthe time for warm-up and
cool-down,as well as periodicdrying between uses.

• The age of the incineratorsis 30 years.

• The life expectancy of the incineratorsis 10 years.

• The replacementcost of each incineratoris $109,500 as escalated
from $73,000 (19825)for materials and $4,000 for labor (assuming
80 hours of craft-labortime).

• The yearly operatingcost for each incineratoris $28,800 (assuming
four operators).

• The yearly maintenancecosts for each incineratoris $7,800
(assumingeight hours per month for maintenanceand $3,000 for
parts).

• The scrubberswill be used the same amount of time as the incinera-
tors, and will not be runningbetween uses. In actuality,this
estimate is conservativebecausethe scrubberdoes not require the
same warm-up and cool-downperiods as the incinerator,nor does it
require periodicmaintenanceoperationbetween launches.
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• The life expectancyof the scrubberis 15 years.

• The installedcost of the scrubberis $422,200,which includesthe
scrubberequipmentcost, as escalatedfrom $300,000 (19845),labor
and water tie-in ($13,000),and installationdrawings and
documentation($10,000).

• The yearly operationscost for each scrubberis $14,400, assuming
two operators.

• The yearly maintenancecost for each scrubber is $100, assumingone
hour labor and one water filter per month.

• The productionof waste water from the scrubberswill not cause an
appreciableincrease in processingactivityand cost at the HWWTS.

• Due to the difficultyof quantifyingand obtainingthe information,
environmentalpermittingcosts were not considered in the scrubber
economic analysisand are assumedto be zero.

Results

Quantitativeresults of the analysisof this ERO are presentedin

Table 3.1. Table 3.1 contains specificenergy, cost, and economicperformance

data for the two launch pads at SLC-4. lt has potentialapplicabilityany-

where hydrazine-basedfuel is used, and is particularlyattractivewhere

incinerationmethods are used for hydrazinedestruction. However,due to the

sensitivenature of VAFB launch processes,specific informationwas not avail-

able regardingwhich of the other SLCs used hydrazine-basedfuel. Sources at

VAFB indicatethat, although the newer vehicleswill tend to use liquid oxygen

and hydrogen (LOX H2) fuels, there will continueto be a need for vehicles

which use hydrazine-basedfuels at VAFB, and that this need will remain fairly

constant for the foreseeablefuture.

Budqet Implications. The estimatedinitialcost of replacingboth

propane incineratorsat SLC-4 with bubble cap scrubbersis $844,400.

Enerqy and Cost Savinqs. lt is estimatedthat this ERO will result in

annual electricalenergy savingsof 2,336 kWh and propane savingsof

1,642 MBTU, at a total cost savingsof $10,916per year.

Operationsand Maintenance. Total operationsand maintenancecost

savings for this ERO are estimatedto be $44,200 per year.
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TABLE 3.1. Fuel and Oxidizer Vapor Mitigation Process EROs

Annual Cost

Installed Annual _ _Life-Cycle Cost

Bldg Type/ Fuel Cost Energy Energy VaLue

I._DO ERO )ascription __Location _ _._S) Savings _ _ _

1 Replace Launch, ELectricity 844,400 1,642 MBtu 10,916 44,200 69,605 0.08
Hydrazine SLC-6E & end Propane plusIncinerators 6W Launch
with BubbLe Cap Pads 2,338 k_
Scrubbers

2a Replace Launch, ELectricity 353,000 222 MBtu 1,461 (25,100) (768,538) NA
Oxidizer Burner SLC-4W and Propene plusMith Oxidizer Launch Pad
Scrh_ober (Stage (632 k_)
1 only)

2b Replace La_ch, Electricity 4_,000 222 HStu 1,461 (31,600) (1,021,539) NA
Oxidizer Burner SLC-6W and Propane pluswith Oxidizer La_ch Pad
Scrut:4_r (632 k_)

(Stages 1 and
2)

2c RepLace La_ch, Electricity 4_,000 222 MBtu 1,461 (22,600) (889,448) NA
Oxidizer Bur_r SLC-4W and Propane pluswith Oxidizer La_ch Pad
Scrut:_r (632 kwh)

(Stages I and
2, Mith Maste
treatment)

Notes: NA: Hot AppLicable - the VI is not relevant for EROs with negative NPVs,

Process Safety and Reliability. The safety and reliability of hydrazine

destruction at SLC-4 will be increased by implementation of this ERO.

_nvironmental Issues. This EROwill result in the complete elimination

of fossil fuel emissions produced by the hydrazine incinerators at SLC-4.

Sources. The following sources were used for the assumptions and data
presented in this ERO:

• Hydrazine incinerators:

Russ Sharer, Mechanical Engineer
Martin-Marietta
SLC-4, Vandenberg AFB 93437
(805) 734-8232, Ex. 6-1568

• Bubble Cap Scrubber/HWWTS:
Fred Sobottka, Project Engineer
The Aerospace Corporation
Vandenberg AFB, CA 93437
(805) 734-8232, Ex. 6-7996

Jim Kephart
Environmental Systems Directorate
Space Launch Operations
The Aerospace Corporation
El Segundo, CA 90009-2957
(310) 336-6435
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3.2.2 ReplaceOxidizer Burner at SLC-4W with Oxidizer Scrubber

In addition to fuel, an oxidizer is requiredto support the combustion

of a rocket propellent in space. This oxidizer is loaded into the vehicle

prior to launch in a manner similarto the one describedfor the fuel. In

this case, however,the residualvapors containlarge concentrationsof NOX

(oxidesof Nitrogen)which must be mitigated.

At the SLC-4W launch pad, the NOX is mitigatedwith propane flare system,

or "burner". At the SLC-4E launch pad, the existing burner was recently

removedand replaced with a single-stagescrubber. This scrubberwas designed

in 1984, and the design is in use elsewhereat VAFB as well as at the Cape
(a)

Canaverallaunch facilitiesin Florida.

There are advantagesand disadvantagesto each system, and some of the

strongestare related to environmentaland maintenanceissues rather than

energy conservationissues. Although the focus of this assessment is the

characterizationand identificationof potentialprocessenergy savingsat

VAFB, the energy and environmentalissues involvedare interwovenand cannot

be easily separated. There is not agreementon the many of the details

required for an accurate economiccomparisonof the two systems,which further

complicatesanalysis. With this in mind, each system'sadvantages and dis-

advantagesare outlinedbelow, using the best availableinformation.

The burner at the West Pad (SLC-4W)has been in use for approximately

30 years, which is well beyond its original life expectancyof 10 years, lt

is simple to operate, lt consumesno electricalenergy, and a very small

amount of propane (1.3 Ib per minute or about 0.27 gallon per minute).

Maintenanceconsists of replacinga 2-inch motor-operatedfuel valve every two

to three years, and replacinga spark plug each launch cycle. Thus, the

burner has the advantageof having a low annual operating,maintenance,and

energy costs. The burner has the followingdisadvantages:

(a) Personalcommunicationwith Fred Sobottka,ProjectEngineer;The
AerospaceCorporation;VandenbergAir Force Base, California;August 21,
1992.
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I. Since it burns propane, it releases products of combustion considered to
be detrimental to air quality. The burner is currently permitted by the
SBAPCDto operate 144 hours per year, which limits launch operations
flexibility.

2. Martin Marietta test data (reference unavailable) indicates that as the
vent flow rate increases, burner efficiency decreases. In an emergency
situation, sharply increased flow rates can cause "flame-out" to occur,
which can create the potential for sizeable air emissions of NOx. (The
emissions are currently controlled by an electronic eye, which auto-
matically shuts off the vent stream in the event of flame out at the
SLC-4Wburner. However, shutting off the vent stream requires that the
system be purged of vapors, which must then be vented to atmosphere).
The SBAPCDrequires Best Available Control Technology (BACT) at VAFB for
both fuels and oxidizers; as such, there are indications that the burner
should be replaced with a more dependable and lower emission technology.

The existing burner at the East Pad (SLC-4E) was recently replaced by

the single-stage scrubber to allow for new payload flow requirements which

exceeded the capacity of the burner. The scrubber is basically a reservoir

tank with four packed columns containing polypropylene rings. The poly-

propylene rings are continuously sprayed with a mist of sodium hydroxide

(NaOH), while the vent gas is passed over the rings from the bottom to the top

of the vessel. The NOx reacts with the sodium hydroxide to form nitrates, and

the vent gas leaves the scrubber with NO emissions reduced to between 700 andx

5000 ppm.

The primary advantage of the single-stage scrubber system is environ-

mental. The scrubber produces a liquid waste, which is more readily con-

tained, monitored, treated, and disposed than a gaseous effluent, lt is new

and more efficient technology, and satisfies the current regulations for

oxidizer mitigation over a wide range of operating parameters.

In addition, in anticipation of stricter environmental guidelines, a

second-stage scrubber has been designed for use with the first stage to reduce

NOx emissions even further to less than 30 ppm. This second-stage "sparged"

scrubber is in the process of being tested for use at the HSSF, and a proto-

type is due to be built soon, contingent on funding, lt operates passively by

allowing the vent gas to pass through an aqueous solution of sodium hydroxide

and sodium sulfite (Na2S03) as minute bubbles. The second stage scrubber has

the potential to reduce the NOx emissions for each Titan IV launch from

3.11



45-50 pounds to less than one pound. Additional benefits include reduced

wind-related restraints (which can limit activities during the launch process)

as well as the total elimination of the visible plume under all flow

conditions.

While the scrubber system is environmentally attractive, it has some

disadvantages:

i. The first-stage scrubber is currently seen by the personnel at SLC-4 as
having a high maintenance cost. Since it was originally designed for
use at Cape Canaveral in Florida, and there is heat released in the
reaction between the oxidizer and the NaOH, a glycol cooling loop was
included in the original scrubber design to ensure that the efficiency
of the scrubber was not compromised while operating during hot weather.
The scrubber at SLC-4E, in keeping with the original design, has an
evaporative water loop which removes heat from a glycol loop used to
cool the scrubber liquor. The water loop, the glycol loop, and the
scrubber itself have electrical pumps which must run to circulate the
liquids for an adequate exchange of heat. Maintenance of the pumps, and
the other equipment associated with these cooling loops, is frequent
according to personnel at SLC-4.

However, Jim Kephart of The Aerospace Corporation (a) says that the
requirement for cooling is unnecessary, based on test results. Several
scrubbers of this type have been tested over a wide range of operating
temperatures, and the results show no difference in efficiency or
outlet concentrations of pollutants in the waste water. The elimination
of cooling requirements would represent a major reduction in the opera-
tions and maintenance cost, as well as energy consumption of a new
installation. (lt is not possible to remove the requirement for cooling
on existing installations without acquiring new environmental operating
permits, which can impact the cost-effectiveness of such a measure).

2. The first-stage scrubber is seen by the personnel at SLC-4 as having a
high cost of operation because four people are currently required to
operate the scrubber during a launch (as compared to the two required to
operate the burner). This is primarily because the scrubber liquor is
monitored closely to ensure that it does not become depleted or exces-
sively hot. Depletion of the liquor seriously affects the efficiency of
the scrubbing operation and must be closely monitored. However, if
there is no need for cooling the scrubber liquor, and temperature
monitoring becomes unnecessary, the number of operators could possibly
be reduced to two.

(a) Personal communication with Jim Kephart; Environmental Systems
Directorate; Space Launch Operations; The Aerospace Corporation; El
Segundo, CA; October 22, 1992.
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The Aerospace Corporation is currently developing a simplified field
test to measure the sulfite concentration (a measure of depletion) in
the second-stage scrubber liquor, which will further simplify opera-
tions.

3. As an additional precaution against the depletion of the first-stage
scrubber liquor, the spent liquor is changed out at the end of each
launch. Currently, SLC-4 hires one contractor to drain and dispose of
the spent liquor, and a different contractor to fill the scrubber with
new liquor. This hazardous waste removal cost is currently a normal
part of the operations and maintenance of the scrubber.

The Aerospace Corporation is investigating alternatives to the current
practice of spent liquor disposal. One approach is to treat the spent
liquor by acid addition. The addition of acid to the scrubber liquor
would neutralize the residual caustic and resulting solution and could
either be evaporated in a pond or further treated for reuse in other
processes (by solids removal). Another approach is to use the spent
liquor in the existing heavy-metal waste water treatment process, which
requires the addition of sodium hydroxide (which would precipitate out
the undesirable salts). In any case, if spent liquor treatment/
recycling was available at VAFB, the cost of off-site hazardous waste
disposal would be eliminated. The additional operating cost at the
treatment facility would be very small.

4. The scrubber system is custom-designed equipment, and although engineer-
ing feasibility studies have already been done, the equipment must be
custom-fabricated. Thus, it has a relatively high first cost.

Assumptions

The following assumptions were made:

• A generic labor rate of $50 per hour was assumed for craftspersons
and equipment operators, based on an average from Means Cost Data
(Means 1991) for California and past experience at other government
sites. The labor rate includes overheads and profit.

° A rate of 1.5 Titan II launches per year is assumed, which is one-
half the worst case scenario (USAF 1990).

° The burner is used 144 hours per year, its maximumSBAPCDpermitted
use.

• The age of the burner is 30 years, and the life expectancy is
10 years. The life expectancy is relatively short due to the
adverse environmental conditions to which it is exposed (sea fog,
heat cycling, etc.).
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• Although there is a spare burner availableat SLC-4E, this will not
be taken into accountfor spare parts since its life expectancyhas
also expired.

• The replacementcost of the burner is approximately$32,000,which
includes$25,000 equipmentcost, $2,000 delivery,$5,000 for
installation. This rough estimatewas provided by Hirt Combustion
Engineers(Montebello,CA). Maintenance,operating,and energy
costs are assumed to remain the same.

• The yearly operatingcost for the burner is $14,400 (assumingtwo
operators).

• The yearly maintenancecost for the burner is $800 (assumingfour
hours of maintenanceper launch cycle, 1.5 launchesper year, and
$1,000 every two years for parts).

• The scrubberwill be used the same amountof time as the burner,
and will not be runningbetween actual uses. All estimatesdealing
with equipmentcosts, operatingcosts, and maintenancecosts for
the first-stagescrubberwill assume that the glycol and evapora-
tive water coolingloops are not required at SLC-4W.

• The life expectancyof both stages of the scrubber system is
15 years.

• The total installedcost of the first-stagescrubber is estimated
at $353,000,which includesthe cost of the equipment- $333,000,
as escalatedfrom $250,000 (19845),the cost of the electrical
tie-in for the pump and labor ($10,000),installationdrawings and
documentation($10,000). This assumes a concretepad of adequate
size and all other servicesare existing at SLC-4W.

• The total installedcost of the second-stagescrubber is estimated
at $120,000,which includesthe cost of the equipment ($100,000),
labor and extendingthe existingconcrete pad ($10,000),installa-
tion drawings and documentation($10,000).

• The pump for the first-stagescrubber is rated at 5 hp (assumed
85% efficient). There is no energy consumptionby the second-stage
scrubber.

• The yearly operationscost for the scrubbersystem (total for both
stages) is $14,400,assuming 2 operators, lt is assumed that two
operators are requiredwhether the second stage is present or not.

• The yearly maintenancecost for the first-stagescrubber is esti-
mated at $25,900,which includes$16,000 for pump maintenanceand
calibrationof the instrumentation,as well as $6,600 per launch
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for liquor disposal and reloading (assuming 1.5 launches per year).
The cost of liquor disposal ($4,000 per launch) is expected to be
eliminated if a waste treatment permit is put into place.

• The yearly maintenance cost for the second-stage scrubber is esti-
mated at $6,500, which includes $1,600 for equipment maintenance
and calibration of the instrumentation, as well as $3,300 per
launch for liquor disposal and reloading (assuming 1.5 launches per
year). The cost of liquor disposal ($2,000 per launch) is expected
to be eliminated if a waste treatment permit is put into place.

• Due to the difficulty of quantifying and obtaining the information,
environmental permitting costs were not considered in the scrubber
economic analysis, although they may be significant.

Results

Quantitative results of the analysis of this measure are presented in

Table 3.1. Table 3.1 contains specific energy, cost, and economic performance

data for SLC-4Wusing three sceDarios: installation of the first-stage scrub-

ber only, installation of the first and second stages, and installation of the

first and second stages with waste liquor treatment available. This measure

has potential applicability anywhere a similar type of oxidizer is used, and

is particularly attractive where incineration methods are used. However, due

to the sensitive nature of VAFB launch processes, specific information was not

available regarding applicability at other SLCs.

Budqet Implications. The estimated initial cost of replacing the

oxidizer burner at SLC-4Wwith the first-stage scrubber is $353,000. If the

second-stage is installed also, the estimated initial cost will increase to a

total of $473,000.

.Enerqv and Cost Savinqs. This measure will result in a small annual

energy savings of $1,461.

Operations and Maintenance. There will be a significant increase in

operations and maintenance costs if any part of this measure is implemented.

The increase in O&Mcost is much larger than the energy savings, thus making

it difficult to recommend this measure based on energy or cost savings.

Environmental Issues. This measure will result in the complete

elimination of fossil fuel emissions produced by the oxidizer burner at
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SLC-4W. A recommendation to replace the burner with the scrubber system can

be made on the basis of NOx emissions as related to the BACT requirement.

Sources. Sources for the assumptions and data presented in this measure

are as follows:

• Oxidizer Burner:

Russ Sharer, Mechanical Engineer
Martin-Marietta SLC-4,
Vandenberg AFB, CA 93437
(805) 734-8232, Ex. 6-1568

• First and Second-Stage Scrubber:

Fred Sobottka, Project Engineer
The Aerospace Corporation
Vandenberg AFB, CA 93437
(805) 734-8232, Ex. 6-7996

Jim Kephart
Environmental Systems Directorate
Space Launch Operations
The Aerospace Corporation
El Segundo, CA
(310) 336-6435

3.3 GASEOUSNITROGENSYSTEMS

Gaseous nitrogen is used at both the SLC-4E and SLC-4Wlaunch pads for

three basic purposes:

I. To perform pumping, inerting, and/or ventilating functions around
potentially explosive materials, such as hydrazine vehicle fuel.

2. To purge electrical equipment enclosures in Class I Division 2 areas
(areas potentially containing explosive vapors).

3. To operate pneumatic tools and perform other non-hazardous activities.

Gaseous nitrogen can be viewed as a utility of sorts at SLC-4, because

it is used as an energy source to perform work. Using gaseous nitrogen in

this manner is similar to using compressed air, except that cost and safety

considerations are quite different.

SLC-4 receives nitrogen from a Linde extraction plant approximately four

miles from the SLC. The plant was originally built to support missions at
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SLC-4 and SLC-6, but since the Space Shuttlemission at VAFB was cancelled,

the Linde plant currentlyprovides nitrogento SLC-4 only. The plant has the

capabilityof extractinggaseousnitrogen from the air at a maximum rate of

40,000 standardcubic feet per hour (SCFH),or it can produce gaseous nitrogen

from liquid nitrogen at a much higher rate. Its currentmode of operation is

to convert liquid nitrogento gas, although sourcesat Kelly Air Force Base,

which holds the nitrogen contract for the entire U.S. Air Force, indicatethat

it would be more economicalto extract nitrogen from air, consideringSLC-4's

presentlevel of usage. Sourcesat SLC-4, however, indicate that there were

problemswith nitrogen being contaminatedwhen this processwas used in the

past, so they have mandated that the plant use liquid nitrogen only.

From October 1991 to September1992, the plant delivered 9,936.79 tons

of gaseous nitroger to SLC-4. Since VAFB currentlypays $68 per ton for liq-

uid nitrogen,this translatesto a cost of $675,699. Key personnelat SLC-4

estimatethat 80% of the nitrogen (exclusiveof unintentionalleaks) is used

for functionswhich mandate the use of an inert gas, and the remaining 20% is

u_ed for functionswhich could be performedsafely with compressedair. Thus,

EROs were pursue_ in two separateareas:

I. Identifyingmaintenanceopportunitiesthat improvethe efficiencyof the
nitrogen or compressedair distributionsystem and loads.

2. laentifyingopportunitiesto substitutecompressedair where safety or
quality of operationswould not be compromised.

Three ERO scenariosare presentedto illustratethe interdependenceand cost

trad,-offsof these two approachesto nitrogen cost savings.

3.3.1 Improve Efficiencyof Nitroqen DistributionSystem (Alone)

The Linde Plant delivers 6,000 psig gaseous nitrogen to SLC-4E and

SLC-4W. Figure 3.1 shows a simplifiedlayout of the major nitrogen uses at

both SLCs (backupstoragetanks and accumulatorsare not shown). There are

over 3,200 componentsand 45,000 feet of tubing associatedwith the nitrogen

distributionsystem at SLC-4, so the system is much more complex than

Figure 3.1 indicates.

3.17



suo!|eJadO ,,, --_ UO!]lEJ_Ue6eH
len.-I _ eJnsseJd q_!Ho

Q

su0!leJed0 _,,

Jez!p!xo _n0 "_lpTM ,.. _._ S0!lewneud Ill

sa_nd c___ "11pTM ON peol_ed i

luewdmbe. _ "-_ _ aJE

IEOIj_OOI::::I P-.. .,.=J
' (_ "_'" V1

SlO0) i._._

o!lewneud i,_-,_ JeJSeJ],JgleM 0

welsks ImlonqaWel.-I
ue6oJlJU• IIIlI i_

peolXed "_"

.l=i

r_

u_O
('4 _ _j

se6Jnd o -r c_

_uawd!nbe ._ _.
leo!JlOal3 +'_.r=.,

SlO01 ---.-.. --
o!lewnaud

g: °.ZL °wals_s m

ue60Jllu _"• _|11 lull _1_C3 I
peol/_ed o ._ ,,,%,- u,) %__.2 I

peol,qj _ _ v)

"N

o
o

co ,?_l) e"

3.]8



Leaks in compressedgas distributionsystemscan be caused by poor

design/installationand inadequatemaintenance. Some common design/

installationproblems are:

I. Overstressedor misalignedpipe joints caused by dead weight, improper
pipe length,thermal expansionin long runs (especiallyin areas where
ambient temperaturevaries widely), and vibration.

2. Improperinstallation;lack of gaskets at flanges or sealingcompounds
at joints.

3. Lack of bypass valves and piping for equipment isolationand
maintenance.

4. Using a higher pressurethan actually requiredby the end-use.

Regular maintenanceactivitiesshould includethe following:

I. Check pneumaticvalves and cylinder packing for dirt and grit. This
prevents leaks and prematureseal wear.

2. Ensure hose, hose clamps, quick disconnects,and couplingsare in good
repair, rated for the pressure used, and not leaking.

3. Check safety relief valves to ensure they are functioningat the correct
pressure and are seated properly.

4. Inspectcheck valves for back-flowleakage.

5. Inspecttool valves and other valves for leakage.

6. Inspectdistributionlines for physicaldisturbance.

7. Inspectpurged electricalequipmentenclosuresfor gasket integrityand
unintentionalleaks.

While a detailed analysis of the entire nitrogen distributionsystem at

SLC-4 is not within the scope of this assessment,experts at the Universityof

Wisconsin Energy TechnologyCenter estimatethat plants without a regular

maintenance program for their compressedgas systemslose approximately

15% through unintentionalleaks (see Figure 3.2). If this number holds true

for SLC-4, and 67% improvementin this number of could be made through

upgrades and maintenanceactivities,$67,600 in nitrogen costs could be saved
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each year (a 67% improvement would be required to reduce the leakage to 5%,

which is what the University of Wisconsin Energy Technology Center considers

feasible for compressed air plants).

This EROproposes that the maintenance activities listed above be

undertaken to eliminate as many nitrogen leaks as possible.

Assumptions

The following assumptions were made:

• A generic labor rate of $50 per hour was assumed for craftspersons
and equipment operators, based on an average from Means Cost Data
(Means 1991) for California and past experience at other government
sites. The labor rate includes overheads and profit.

• The costs for liquid nitrogen are as follows (a)"

1992 $68.00 per ton
1993 $71.35 per ton (projected)
1994 $73.50 per ton (projected)
1995 $74.60 per ton (projected)

Since the lifetime of this study is 25 years, a best-fit curve was used

to predictcosts past 1995.

• lt is assumed that there is currentlyno regularmaintenancepro-
gram for the nitrogen distributionsystem,which impliesthat there
are no regular labor or equipmentcosts.

• Upon implementationof this ERO, it is anticipatedthat maintenance
activitieswill be more extensivethe first year while equipment is
inspected,upgraded,or replaced. In the follow-onyears, the
maintenanceactivitieswill primarilyconsist of inspection.
Assuming that a craftspersoncan inspectand repair 100 feet of
tubing/piping(with associatedcomponents)per day, the first
year's labor costs would be $180,000 (assumingthe entire
45,000 feet of nitrogen distributionsystem is inspected/repaired
the first year). In followingyears, a craftspersonshould be able
to inspectand repair 400 feet of tubing/pipingper day (assuming
most leaks will be fixed in the first year), which reducesthe
annual labor rate to $45,000.

(a) Personal Communicationfrom Verna Thompson,Kelly AFB, Texas.
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• lt is anticipatedthat material costs will be substantiallymore
the first year than in follow-onyears. If material costs are 10%
of labor costs, then the first year's costs would be $18,000,and
subsequentyears would be $4,500.

• Due to the nature of this ERO, life expectancybeyond 25 years and
installedcosts are not considered in the economic analysis.

Results

Quantitativeresultsof the analysisof this ERO are presentedin

Table 3.2. Table 3.2 contains specificcost and economic performancedata.

This ERO has potentialapplicabilityanywheregaseous nitrogen is distributed

and used. However,due to the sensitivenature of VAFB launch processes, spe-

cific informationwas not availableregardinguse at other SLCs.

Budqet Implications. Although this ERO will probablynot require any

new equipmentinstallation,there is a first cost associatedwith the

increasedlevel of repair and maintenancerequiredduring the first year

($148,500over and above regularmaintenanceand inspectionactivities).

Energy and Cost Savinqs. This ERO will save approximately$67,600 in

nitrogen costs per year.

Operationsand Maintenance. This ERO will increasemaintenancecosts,

considerably,since there is little regularmaintenancedone on the system at

present. First year maintenancecosts (includinglabor and materials)will be

$180K and then reduce to $49,500 thereafter.

Process Safety and Reliability. This ERO will actually enhanceprocess

safety and reliability,since it will involvethe upgradeof a safety system.

lt will also reduce unintentionalleaks which may be in areas where nitrogen

accumulationcould be hazardous.

EnvironmentalIssues. This ERO has no environmentalimpact.

Sources. Sources for the assumptionsand data presented in this ERO are

as follows:
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• ElectricalEquipmentPurges

John More, ElectricalEngineer
Martin-Marietta
SLC-4, VandenbergAFB, CA 93437
(805) 734-8232,Ex. 6-1599

Lee Owens, Titan IV Program Engineer
Martin-Marietta
SLC-4, VandenbergAFB, CA 93437
(805) 734-8232,Ex. 5-2919

• Nitrogen Cost Data

Verna Thompson,ContractsDepartment
Kelly Air Force Base, TX 78241-5000
(512) 925-7248

• Nitrogen Usage Data for SLC-4

Susan Perkins
Jacobs Engineering
VandenbergAFB, CA 93437
(805) 734-8232,Ex. 5-8404

3.3.2 InstallElectricAir Compressorsfor ElectricalEquipment Purqes and
PneumaticTools at SLC-4E

Key personnelat SLC-4 estimate that 20% of the nitrogen at SLC-4 is

used for electricalequipmentpurges and for pneumatictool operation at

SLC-4E. If unintentionalleakagesare subtractedfrom the total nitrogen use,

then 20% of the remainingnitrogen use representsapproximately$115,000 per

year (see Figure 3.2).

Key personnelat SLC-4 also estimate that the vast majority of this

usage is for electricalequipmentpurges at SLC-4E (about90%). Purging

electricalequipment enclosuresis an approvedway of complyingwith Article

500 of NFPA 70, which addresseselectricalequipmentinstallationsin Class I,

Division 2 hazardous areas (areaswhere combustiblegasses may exist (NFPA

1990). Electricalenclosureswithin the Mobile Service Tower (MST) and within

a 200-foot radius of the launch pad are ccnsideredto be in this category.
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NFPA 496 gives detailed requirementsregardingelectricalequipment

purges. The type of purging used at SLC-4 is classifiedat Type 2, which

reducesthe classificationof the enclosurefrom Division 2 to non-hazardous

(NFPA 1989). The benefitsof this type of purgingare many:

I. Standard NEMA (NationalElectricalManufacturersAssociation)Type 4 or
Type 12 enclosuresmay be used in lieu of explosion-proof enclosures.
Explosion-proofenclosuresare expensiveand are not always availablein
appropriateconfigurationsand sizes.

2. Purges are designed to prevent, rather than contain, an explosion.

3. Since positive pressureand airflow is maintainedwith a dry gas,
corrosionand moisture problemsare eliminated. This is especially
importantat VAFB, with ubiquitousand corrosivesea fog.

An alternativeto purging is the use of explosion-proofenclosuresor

intrinsicsafety barriers (for certaintypes of instrumentationonly). Key

personnelindicatethat the vast majority of electricalenclosures at SLC-4W

are already protectedin this manner. The obviousbenefit of this approach is

that it uses no energy, but due to the complexityof the system,there was

insufficientinformationto determinethe cost savingsof replacingthe purges

at SLC-4E with explosion-proofenclosuresor using intrinsicsafety barriers.

However, a more detailed examinationof this approachshould be made before

finalizingthe air compressordesign recommendedin the followingparagraphs.

NFPA 496 allows the purge gas to be either an inert gas or instrument-

grade compressed air (NFPA 1989). No particularflow rate is required through

the enclosureas long as a minimumof 0.1 inchesH20 pressure is maintained.

Bebco Industries,Inc.,manufacturerof the purges used by SLC-4, recommends

0.25 inches H20 as a safety factor. Since nitrogenwas already required for

propellantand payload operationsat SLC-4, it was convenient at the time of

installationto use nitrogenfor the electricalequipmentpurges as well as

for the pneumatictools.

However, after the systemwas in place, there was some concern about the

safety of using nitrogenpurges inside the MST becauseof the possibilityof a

build-upof nitrogen in enclosed spaces. A study determinedthat there was

probably enough air flow in the MST to prevent this from happening,but key
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personnel at SLC-4 indicate that safety officials were still concerned. (a)

To this end, Stearns Roger (division of United Engineers and Constructors,

VAFB) was contracted to design a compressed air system that would be used in

place of nitrogen for the enclosure purges inside the MSTonly (the compressed

air would not be used for the enclosure purges outside the MST or for the

pneumatic tools). Stearns Roger completed a preliminary design in 1989, and

two redundant 89 CFM (250 psig) air compressors were purchased (along with air

dryers and surge tank), but the installation was never completed due to fund-

ing constraints. The installation cost was expected to be about $500,000,

which included the erection of a small building for the compressors and the

underground distribution lines required to service the MST in the service and

parked positions.

This EROproposes to upgrade the size of the compressor' installation to

handle the entire SLC-4E electrical equipment purging system as well as the

pneumatic tools, lt is estimated that this would require another pair of

redundant 89 CFMcompressors and this should increase installation cost by

approximately 20%.

Assumptions

The following assumptions were made:

° A generic fully-burdened labor rate of $50 per hour was assumed for
craftspersons and equipment operators, based on an average from
Means Cost Data for California (Means 1991) and past experience at
other government sites.

° The costs for liquid nitrogen are as follows:

1992 $68.00 per ton
1993 $71.35 per ton (projected)
1994 $73.50 per ton (projected)
1995 $74.60 per ton (projected)

Since the lifetime of this study is 25 years, a best-fit curve was used

to predict costs past 1995.

(a) Personal communication with Dave Johnson; Martin-Marietta; SLC-4;
Vandengberg Air Force Base, California.
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• The estimatedinstallationcost ($610,000)includeslabor and the
purchaseof all materialsexcept the compressors,air driers, and
surge tank. lt also includesthe cost of a change to the existing
design drawings. The equipmentcost (total of $176,000)includes
the cost of two compressors,two air driers, and an additionalor
larger surge tank. The cost of the two existing compressorsand
associatedequipmentis not included. Together,these costs
comprisethe first cost of this ERO ($786,000).

• Since the life expectancyof the compressorsis 12.5 years and each
pair of compressorswill run the equivalentof 50% of the time,
compressorreplacementcost will not be consideredin this study
because they will not need to be replaced during the 25 year
analysis period.

• The compressorsare 40 hp each (assumed85% efficient);two will
operate continuously, lt is assumedthat the dryer power require-
ment is negligiblein comparisonto the compressorpower
requirement.

• The total annual maintenancecost is estimatedto be $4,000,which
includeslabor and equipmentfor compressorrebuilds and tune-ups
(every2.5 years of operation),dryer rebuilds (every2.5 years of
operation),desiccantreplacement(every 2.5 years of operation),
oil and filter replacement(everyyear of operation). This assumes
that all four compressorsare all operatedan equal amount of time
each year.

• Since the compressorswill operate automatically,there are no
operationcosts.

• Given averagelevels of maintenance,the life expectancyof the
compressorsis 12.5 years.

Results

Quantitativeresults of the analysisof this measure are presented in

Table 3.2. Table 3.2 containsspecific cost and economic performancedata.

This measure has potentialapplicabilityanywheregaseous nitrogen is used for

electricalequipmentpurging,pneumatictools, or other applicationswhere the

substitutionof compressedair would not impact safety or quality of opera-

tions. However,due to the sensitivenature of VAFB launch processes,speci-

fic informationwas not availableregardingdirect applicabilityat other

SLCs.

Budqet Implications. The installedcost of this ERO is estimatedto be

$786,000.
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Energy and Cost Savinqs. This ERO essentiallytrades off the cost of

$34,800 (614.8MWh, plus demand charges) in electricalenergy for a savingsof

approximately$135,100 in nitrogen costs per year.

Operations and Maintenance. This ERO will increasemaintenancecosts,

due to working with new equipment. The estimatedannual maintenancecost is

$4,00O.

Process Safety and Reliability. This ERO will enhance process safety

and reliability,since it will eliminatemuch of the chance of nitrogen build-

ing up in enclosed spaces in the MST.

EnvironmentalIssues. With electric compressorsthere are no on-site

fossil fuel emissions. Also, since the compressorswill be located inside an

unmanned building,the compressoroperationnoise (causedby the unloadingof

the compressors)is not likely to adverselyimpact the outside work

environment.

3.3.3 Install ElectricAir Compressorsfor ElectricalEquipment Purqes and

PneumaticTools at SLC-4E_ in Conjunctionwith ImprovingDistribution

System Efficiency

If it is assumedthat the distributionsystem efficiency is improved

before or in conjunctionwith installingthe air compressors,an entirely

differenteconomical result is achieved.

Assumptions

The followingassumptionswere made:

• The estimatedflrst cost is assumed to be additive between the
EROs. This cost is estimatedto be $934,500.

• Maintenance is assumed to be additive betweenthe two EROs. Thus,
the total annual maintenancecost is estimatedto be $53,500.

° Since the compressorswill operate automatically,there are no
operation costs.

• All other assumptionsare the same as the previous two EROs.
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Results

If the efficiei,cyis improved,the total volume of nitrogen required

will be reduced, and the overall nitrogencost will be reduced to $608,100.

If it is assumed that the old leakageswere evenlydistributedbetweenend

uses, then converting20% of the new usage to compressedair representsa

total annual nitrogen cost savingsof $189,200 ($67,600in nitrogen leaks, and

$121,600 in switchedusage; see Figure 3.2 for clarification). While the

energy savingsof this ERO are greater than others in this category, the net

presentvalue is considerablyless than installingthe air compressorswithout

repairingthe distributionsystem,which resultsfrom the relativelyhigh cost

of ongoing distributionsystem inspectionsand maintenance. Thus, from an

NPV-basisalone, switchingto compressedair alone is the most favorable

choice. These resultsare summarizedin Table 3.2.

Budqet Implications. The installedcost of this ERO is estimatedto be

$934,500.

Enerqy and Cost Savinqs. This ERO essentiallytrades off the cost of

$34,800 (614.8 MWh, plus demand charges) in electricalenergy for a savingsof

approximately$189,200 in nitrogencosts per year.

Operations and Maintenance. This ERO will increasemaintenancecosts

considerably,since it will requireboth the maintenanceof new equipmentand

extensiveinspectionactivities. The estimatedannual maintenancecost is

$53,500.

Process Safety and Reliability. This ERO will enhance process safety

and reliability,since it will eliminatemuch of the chance of nitrogen

buildingup in enclosed spaces irlthe MST.

EnvironmentalIssues° Since the compressorsare electric,there are no

fossil fuel emissions (electriccompressorswere analyzed in lieu of natural

gas compressorsfor this reason). Also, since the compressorswill be located

insidean unmanned building,the noise caused by the unloadingof the

compressorsis not likely to adversely impactthe outsidework environment.
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TABLE3.2. GaseousNitrogenSystemProcessEROs

Annual Cost
Life-Cycle Cost

Installed Annual

Cost Energy Value
Btdg Type/ Fuel ($) Savl_ Energy O&M NPV

Location Type(s) ($) _
ID ERODescription -- " Inde._._._x

3a Improve Efficiency of Launch, Gaseous $148,500 994 T N2 67,570 (49,500) 116,712 0.79
Nitrogen Distribution SLC-4E & Nitrogen after
System (ALone) 4W Genera[ 1st year

3b Install ELectric Air Launch, Electricity $786,000 1,987 T N2 100,321 (4,000) 624,884 0.80
Compressors for SLC-4E and plus
Electrical Equipment Genera[ Gaseous (614.8 MWh)
Purges and Pneumatic Nitrogen
Tools (ALone)

3c Combination of 3a and Launch, ELectricity $934,500 2,782 T N2 154,377 (53,500) 543,254 0.58
3b above SLC-4E & and Gaseous plus after

4W Genera[ Nitrogen (614.8 MWh) 1st year

Sources. Sources for the assumptions and data presented in this EROare as follows:

• ElectricalEquipmentPurges
John More, ElectricalEngineer
Martin-Marietta
SLC-4, VandenbergAFB, CA 93437
(805) 734-8232,Ex. 6-1599

Lee Owens, Titan IV Program Engineer
Martin-Marietta
SLC-4, VandenbergAFB, CA 93437
(805) 734-8232,Ex. 5-2919

• Stearns-RogerProject
Dave Johnson
Martin-Marietta
SLC-4, VandenbergAFB, CA 93437
(805) 734-8232,Ex. 6-8757

• Nitrogen Cost Data
Verna Thompson,ContractsDepartment
Kelly Air Force Base, TX 78241-5000
(512) 925-7248

• Nitrogen Usage Data for SLC-4
Susan Perkins
Jacobs Engineering
VandenbergAFB, CA 93437
(805) 734-8232, Ex. 5-8404
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° CompressorMaintenanceData
Kris Hulse
Colorado Compressor,Inc.
Denver, CO 80216-1528
(303) 297-8100

3.4 CLEANROOM/CONDITIONEDAIR SPACE EROS

Perhaps the greatest single process energy use at VAFB is the mainte-

nance of environmentallyconditionedair spaces for launch vehicles. The tem-

perature requirements(usuallybetween50°F and 60°F) are not difficultto

achieve in VAFB's temperatecoastal climate, but the humidityrequirements

(usuallybetween 35% and 50% relative humidity-RH)are more difficultto

achievewithoutgreat energy expense. In addition,the pressure and/or air-

flow requirementscan be very great, dependingon the size and type of condi-

tioned air space. With these requirementsin mind, and recommendationsmade

by the ASHRAE Heatinq,Ventilating,and Air-ConditioninqApplicationsHandbook

(ASHRAE 1991), EROs were sought in the areas of alternativefan technology,

humidity control, and conditionedair recirculation.

3.4.1 Replace Steam Boilers in SLC-4ECE (Clean Enclosure)A/C System with

PneumaticHumidifiers

The SLC-4E MST is a 23-story,moveabletower which provides vehicle

service access for approximately45 days prior to each Titan IV launch. The

top 13 storiesconstitutea 380,000 ft3 clean enclosurewith strict require-

ments for temperaturecontrol, humiditycontrol, and air flow. The CE A/C

system is relativelynew (1988),and was designedwith both efficiencyand

performancein mind. As shown in Figure 3.3, the airflow to the clean enclo-

sure is suppliedby two 300 HP fans in series (each fan has a redundant

counterpart). Some of the most notableenergy-efficientfeaturesof the

system are:

• The use of energy efficientmotors for the large fans.

• The use of chillers in conjunctionwith a reactivatedindustrial
desiccantsystem for dehumidification.

° The use of heat recovery in the desiccantreactivationairstream.
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• The use of a desiccant bypass for conditions not requiring
dehumid i fi cat i on.

° The extensive use of computerized HVACcontrols.

° The recirculation of 80% of the conditioned air.

At first glar, ce, further energy savings opportunities in this system

seemed unlikely. However, upon closer examination (and with a great deal of

help fr_ LI_ SLC-4E HVAC engineer),one area of improvementwas identified:a

change ;o an alternativeform of humidification.

During the winter months, and during Santa Ana wind/weatherconditions,

the outside air at VAFB can occasionallydrop below 35% RH. Under these cir-

cumstances,additionalhumidificationis required in the MST CE air condi-

tioning (A/C) _ystem. As shown in Figure 3.3 this humidificationis provided

by two natural gas steam boilers (one primary and one backup).

Since humidificationmust be supplied immediatelyupon demand,most

users requireboth steam boilersto be fired and operationalfor the entire

time that the CE A/C system is in use. This is inefficientsince the steam

humidificationis rarely requiredor used. Also, the steam boilers are

locateda long distancefrom the point of utilization,and the heat loss

through poorly insulatedlines is substantial.

An alternateform of humidificationwhich has been used in industrial

applicationsis pneumatichumidification. This technologyhas been used

successfullyin s_!niconductorclean rooms, which have stringentrequirements

for humidity control and air contaminationcontrol. Humidificationis accom-

plished using a bank of air/waterduct atomizers,with humidistatfeedback

control. The only requirementsare 32 psi potablewater service and 30 psi

compressedair, which are used only on demand. Nitrogenmay be safely sub:

stitutedfor compressedair, since it only comprisesa tiny fraction of the

total duct air flow (the worst case would be 311 SCFM out of a total of

120,000 SCFM already availableat SLC-4). The manufacturerstates that the

atomizer heads are self-cleaning,and do not requirespecialwater treatment

or regularmaintenance. However, SLC-4 engineeringpersonnel believethat

additionalwater filtrationwould be requiredat VAFB.
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This ERO proposes to replace the existing steam boilers in the MST CE

A/C system with pneumatichumidifiers.

Assumptions

The followingassumptionswere made:

• A generic fully-burdenedlabor rate of $50 per hour was assumed for
craftspersonsand equipmentoperators,based on an average from
Means Cost Data for California (Means 1991) and past experienceat
other governmentsites.

• A rate of two Titan IV launchesper year is assumed,which is one-
half the worst case scenario (USAF 1990).

• The existing boilers in the MST CE A/C system are rated at
2 MBtu/hr output at "high fire", but operate at "low fire"
conditionsthe majority of the time (approximately45 days per
launch). Both boilersare operationalat the same time, and each
boiler's naturalgas consumptionat this operatingpoint is
approximately0.65 MBtu/h. In addition,there are two 0.75 hp
boiler feed water pumps and two 0.5 hp treatedwater pumps that
support boiler operation.

• The boilers and pumps were installedin 1988, and (accordingto key
SLC-4 personnel)have a 15-yearlife expectancy. The remaining
life is 10 years.

• The equipmentreplacementcost of the boilers and water treatment
equipment is a total of $100,000,as escalatedfrom $86,500
(19885). Labor cost for replacementis estimatedto be $4,000.

• The total annualmaintenancecost of the steam boilers and water
treatment system is $8,000,which includeslabor and materials.
The cost of water treatmentchemicalsis not includedbecause of
insufficientdata.

• Two personnelare requiredto be in the near vicinityduring boiler
operation,20% of their time being dedicatedto actual boiler
operation. This translates into a total annual operationscost of
$14,400.

• If nitrogen is used as the pneumaticsource, it is very difficult
to estimate the additionalnitrogencost, since humidification
would only be used on demand. If it is assumedthat humidification
is only required two weeks per year, the additionalnitrogencost
would be slightly over $16,600. If compressedair is used, an
expansionto the proposed air compressorinstallationmentioned in
Section 3.3.2 would be possible,but would probably be cost-
prohibitivedue to the sporadic nature of the additionalload.
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• lt is assumed that an appropriatewater and compressed air/nitrogen
service is availablein the MST CE A/C, and that there is a linear
sectionof duct adequate in length for proper installationof the
pneumatic humidificationsystem. Water requirementis approxi-
mately 5 gallon/minute(gpm) when the humidifiersare operational
at full load, and it is assumedthat a I HP pump would be adequate
to supply this flow.

• lt is assumed that the life expectancyof the pneumatic
humidificationsystem is 15 years.

• Although the maintenancerequirementsare minimal on the actual
humidifiers,it is assumed that at an annual inspectionof the
pneumatichumidifiersystem will be performed. In addition,
occasionalpump maintenancewill be required. The approximatecost
of this maintenanceand inspectionis $1,000 per year.

• Since the operationof the pneumatichumidificationsystem is fully
automatic,there are no operationscosts assumed.

• The total installedcost of the two redundantpneumatichumidifica-
tion systems is $125,000. This includesthe equipmentand instal-
lation cost of the atomizingheads and controllers($85,500),the
water and air service,and the resultingchanges to design draw-
ings. Also includedis demolitionof the existing boilers and
water treatmentequipment. Due to the extrememineral content of
the water, SLC-4 engineeringpersonnelhighly recommendthat the
reverse osmosis unit also be replacedwith a filtration system;
this cost ($3,000) is also included in the total installedcost
figure. The total replacementcost is $88,500.

Results

Quantitativeresultsof the analysis of this measure are presentedin

Table 3.3. Table 3.3 contains specificcost and economicperformancedata.

This measure has potentialapplicabilitywhere steam humidificationis used.

However, due to the sensitivenature of VAFB launch processes,specific

informationwas not availableregardingdirect applicabilityat other SLCs.

Budqet Implications. The estimated installedcost of this ERO is

$125,000.

Enerqv and Cost Savinqs. This ERO will save approximately$15,635 in

naturalgas, $220 in electricity,and ($16,000)in nitrogen costs.

Operations and Maintenance. This ERO will result in an annual

maintenance and operationscost savingsof $21,400.

3.34



ProcessSafety and Reliabilit.y.This ERO enhances both the safety and

reliabilityof the MST CE A/C system. Since the humidificationsystem is cap-

able of respondingimmediately,it only operates on demand,thus minimizing

componentwear. Also, since no particularwater treatmentis required,the

potentialfor releasingwater treatmentchemicals into the airstream is elimi-

nated.

EnyironmentalIssues. This ERO completelyeliminatesthe fossil fuel

emissionsreleased from two naturalgas steam boilers.

Sources. Sourcesfor the assumptionsand data presentedin this ERO are

as follows:

• MST CE A/C system:

Cameron Hedges,MechanicalEngineer
Martin-Marietta
SLC-4, VandenbergAFB, CA 93437
(805) 734-8232,Ext. 5-2568

• Pneumatichumidifiersystem:

HerrmidifierCompany, Inc.
P.O. Box 11148
Lancaster,PA 17605
(717) 394-4021

Representedby:
Air Filtration& Equipment
1620 So. 92nd Place, #D
Seattle,WA 98108
(206) 767-2600
Contact: Ken Brown

3.4.2 ReplaceSteam Boilers in SLC-4E PayloadA/C System with Pneumatic

Humidifiers

The PayloadA/C (PL A/C) system conditionsair space at SLC-4E within

stringenttemperature,humidity,pressure,and air flow requirements. This

system is dedicatedto deliveringconditionedair to the launch vehicle's pay-

load fairingfor approximately45 days before a launch. The fairing is

located at the top of the vehicle,approximatelycylindricalin shape, and
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ranges in size from 56 to 60 feet tall by 18 feet in diameter. The specific

requirementsfor conditionedair vary significantlyfrom user to user, but

they generallyfall into the followingranges:

Humidity: 40% RH
Temperature: 40oF to 86oF
Air flow: 267 to 5,334 CFM (total)

Pressure: 0.9" to 1.5" H20 with respectto atmosphere

A simplifieddiagramof the existing PL A/C system is shown in

Figure 3.4. Two parallelsystems supply air to the payload fairing;one or

both systemsmay be operational,dependingon the user's requirements.

Dehumidificationis provided by desiccant systemsupstream from the supply

fans, and humidificationis providedby electric steam boilersdownstreamof

the cooling coils and duct heaters. Althoughthe mineral contentof the water

is high at VAFB, the boiler feedwateris not treated due to the strict air

purity requirements.

There are severalparts of this system that are inefficient. As in the

case of the MST, the electric steam boilers could be replacedwith pneumatic

humidifiers,since humidificationis rarely required. Another improvementis

to provide a bypass around the dehumidifiersfor times when dehumidification

is not required. This also has the effect of reducing the load on the humidi-

fiers. Another improvementis to recirculatethe conditionedair which is

vented to the atmosphereprior to entering the fairing. This is done to

enable the flow to the fairingto be varied using constant-volumefans. The

last two improvementsare covered as EROs later in this section.

There are cooling coils both upstreamand downstreamof the supply fans.

Although this is inefficient,it is unavoidablebecauseof the high heat of

compressionimpartedby the high-pressurefans, which causes over 70°F in air

temperaturerise.

The additionalduct heaters downstreamof the chillers seem inefficient

and unnecessary. The SLC-4E HVAC systemsengineer agrees that it is ineffi-

cient, but the controls for the PL A/C system are not responsiveenough to
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control the air temperature through the chillers to the degree required to

meet the user's needs. Thus, short of redesigning the entire PL A/C and con-

trol systems, the final electric duct and trim heaters must remain.

This EROproposes that the PL A/C steam boilers be replaced with a

pneumatic humidification system. Since the air flow rate to the payload

varies considerably from user to user, and the savings depend heavily on

whether a humidifier bypass is also installed, two operating scenarios will be

used:

I. Pneumatic humidification with dehumidifyer bypass

2. Pneumatic humidification without dehumidifyer bypass.

Assumptions

The following assumptions were made:

• A generic fully-burdened labor rate of $50 per hour was assumed for
craftspersons and equipment operators, based on an average from
Means Cost Data for California (Means 1991) and past experience at
other government sites.

• A rate of two Titan IV launches per year is assumed, which is one-
half the worst case scenario (USAF 1990).

° The current operation consisting of two launches per year where one
launch has both parallel systems operating (see Figure 3.4) and the
other launch requires only one of the system (either one) to
operate.

° If a dehumidification bypass is installed, two of the three
existing boilers per parallel branch in the PL A/C system operate
for two weeks per year. These boilers would otherwise operate
45 days per launch. The boilers are each rated at 102kW input
capacity. In addition, there are two boiler feedwater pumps
(assume 0.5 HP each) which operate in conjunction with the each set
of boilers.

• The boilers and associated feedwater pumps were installed in 1987,
and according to the manufacturer, their life expectancy is only
estimated to be 8 years, since no water treatment chemicals are
used. The remaining life is 3 years, lt is assumed that all
boilers on a particular parallel branch are operated an equal
amount of time in a year.
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• The replacement cost of the boilers and feedwater water system is a
total of approximately $60,000, which includes materials and labor.

• The total annual operating and maintenance cost of the steam
boilers is approximately $4,000.

• If nitrogen is used as the pneumatic source, the maximumrequire-
ment would be approximately 14.5 standard cubic feet per minute
(SCFM) per parallel branch. If no bypass is provided around the
dehumidifier, this would result in an additional nitrogen cost of
almost $2,500 per launch per parallel branch. If a bypass is
provided, and humidification is only required two weeks per year,
the nitrogen cost is reduced to $400 per year per parallel branch.
Again, due to the potentially sporadic nature of the load, a com-
pressed air installation would probably not be feasible or cost-
effective unless an existing source with adequate capacity could be
found.

• lt is assumed that an appropriate water and nitrogen service is
available in the PL A/C building, and that there is a linear
section of duct adequate in length and width for proper installa-
tion of the pneumatic humidification system. Water requirements
are approximately 0.5 gpm, and it is assumed that a 0.25 HP pump
could provide this flow rate for the entire system.

• lt is assumed that the life expectancy of the pneumatic humidifica-
tion system is 15 years.

• Although the maintenance requirements are minimal, it is assumed
that at an annual inspection of the pneumatic humidifier system
will be performed. In addition, some pump maintenance will be
required. The approximate cost of this inspection and maintenance
i s $800.

• Since the operation of the pneumatic humidification system is fully
automatic, there are no operations costs assumed.

• The total installed cost of the two pneumatic humidification
systems is $30,000, which includes the equipment and installation
cost of the atomizing heads and controllers, the water and air
service, boiler demolition, and the resulting design change. The
replacement cost is $8,000.

Results

Quantitative results of the analysis of this measure are presented in

Table 3.3. Table 3.3 contains specific cost and economic performance data.

This measure has potential applicability where steam humidification is used.
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However,due to the sensitivenature of VAFB launch processes, specific infor-

mation was not availableregardingdirect applicabilityat other SLCs.

Budqet Implications. The estimated installedcost of this ERO is

$30,000.

Enj_=.rqvand Cost Savinqs. This ERO will save approximately$32,934 in

electricityand ($2,500)in nitrogen costs.

Operations and Maintenance. This ERO will result in an annual mainten-

ance cost savingsof $3,200, regardlessof scenario.

Process Safety and Reliability. This ERO enhances both the safety and

reliabilityof the PL A/C system. Since the humidificationsystem is capable

of respondingimmediately,it only operateson demand, thus minimizingcom-

ponent wear.

EnvironmentalIssues. This ERO has no significantenvironmentalimpact.

Sources. Sources for the assumptionsand data presented in this ERO are

as follows"

• PL A/C system"

Cameron Hedges,MechanicalEngineer
Martin-Marietta ".-.
SLC-4, VandenbergAFB, CA 93437
(805) 734-8232,Ext. 5-2568

• Pneumatichumidifiersystem"

HerrmidifierCompany, Inc.
P.O. Box 11148
Lancaster,PA 17605
(717) 394-4021

Representedby"
Air Filtration& Equipment
1620 So. 92nd Place, #D
Seattle,WA 98108
(206) 767-2600
Contact.Ken Brown
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3.4.3 Provide De.humidifier Bypass in SLC-4E Payload A/C System

As mentioned in the previous ERO, there is currently no supply air

bypass around the desiccant dehumidifier in the PL A/C system. The dehumidi-

fier is sized and configured such that it reduces the RH of the air leaving

the dehumidifier to approximately 10%, so steam is added downstream to bring

the RH up to the desired 40%. This is inefficient, and puts an unnecessary

load on the dehumidifiers as well as the humidifiers downstream.

This EROproposes to add a bypass around the dehumidifiers in the PL A/C

system. Dampers would modulate the "dry" and "humid" air flows based on feed-

back from a humidistat, such that the supply air is only dehumidified to the

extent required. The humidification downstream would then be required only

when the outside air RH is low, which is infrequently. Each bypass kit would

consist of the following:

I. Face and bypass plenum

2. Face and bypass dampers

3. Motorized damper actuator

4. Master and slave power controllers

5. Temperature controller

6. Remote mounted humidity sensor

7. Analog process controller.

This approach requires a more complicated control scheme, and there is

some doubt about the ability of the existing PL A/C control system to perform

adequately in this situation. This obviously has a bearing on the successful

implementation of this ERO, but a simple bypass offers little in the way of

energy savings unless the existing steam humidifiers are retained. Thus, in

order to optimize the energy efficiency of the dehumidification system as a

whole, this EROwill assume that the bypass will be supplied with reactivation

heat modulation.

Although the manufacturer also supplies reactivation heat recovery kits,

they do not feel that heat recovery of this nature would be cost effective in

VAFB's temperate climate.
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Since the air flow rate to the payload varies considerably from user to

user, and the savings depend heavily on whether an alternative form of humid-

ification is used, two operating scenarios will be used:

I. Dehumidification bypass with existing steam humidification

2. Dehumidification bypass without existing steam humidification.

Assumptions

The following assumptions were made:
l

• A generic fully-burdened labor rate of $50 per hour was assumed for
craftspersons and equipment operators, based on an average from
Means Cost Data for California (Means 1991) and past experience at
other government sites.

• A rate of two Titan IV launches per year is assumed, which is one-
half the worst case scenario (USAF 1990).

• The current operation consisting of two launches per year where one
launch has both parallel systems operating (see Figure 3.4) and the
other launch requires only one of the system (either one) to
operate.

• lt is assumed that the PL A/C system will operate continuously for
45 days per launch, and that humidification and de-humidification
are required continuously during that period in the absence of a
bypass. After installing the bypass, it is assumed that humidi-
fication (at its maximumlevel) will be required for approximately
two weeks per year, and dehumidification will be required the
remainder of the operation time. This operating scenario is
designed to provide a conservative "lower bound" on the energy
savings presented by this ERO.

• The electrical energy consumption and nitrogen consumption of the
two forms of humidification are identical to the previous ERO.

• The electrical energy consumption of each dehumidifier (power to
the reactivation heaters) is 72 kW at full load. The manufacturer
estimates that after the bypass kits are installed, there will be a
30% reduction in overall energy consumption by the heaters.

• The manufacturer states that the life expectancy of the dehumidi-
fier equipment is approximately 20 years.

• Theoretically, the humidity content of the air downstream of the
supply fan should have no net effect on the energy requirement of
the duct heaters or cooling coils. However, since some of the
operating temperature ranges will change with the increased
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humidity,the efficiency of the chillers and other equipmentmay be
affected, lt is assumed that any such affect is negligible in com-
parisonwith the energy consumptionof the system as a whole.

• lt is assumedthat there is sufficient input and output (I/O)
capacity in the current PL A/C control system to interfacewith
dehumidifiercontrols.

• lt is assumedthat operationand maintenancecosts will not change
significantlyas a result of installinga bypass around the
dehumidifiers.

• The installedcost of this ERO is estimatedto be $70,400. This
cost includesmaterial cost for four bypass retrofit kits ($12,500
each with a design life of 20 years). This cost also includes
$10,400 for installationand $10,000 for changes to the design
drawings. The replacementcost is $60,400.

Results

Quantitativeresultsof the analysisof this measure are presented in

Table 3.3. Table 3.3 contains specificcost and economic performancedata.

This type of ERO has potentialapplicabilityanywheredehumidificationis used

without a bypass. However, due to the sensitivenature of VAFB launch

processes, specificinformationwas not availableregardingdirect applicabi-
lity at other SLCs.

Budqet Implications. The estimatedinstalledcost of this ERO is

$70,400.

Enerqy and Cost Savings. This ERO will save approximately$32,567 in
electricity.

Operations and Maintenance. This ERO will result in no significant

change in maintenanceor operationscost.

Proce.ssSafety and Reliabilit.y.This ERO has no significantimpact on

process safety or reliability.

EnvironmentalIssues. This ERO has no significantenvironmentalimpact.

Source______s.Sources for the assumptionsand data presentedin this ERO are
as follows.
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• PL A/C system:

Cameron Fledges,Mechanical Engineer
Martin-Marietta
SLC-4, VandenbergAFB, CA 93437
(805) 734-8232,Ext. 5-2568

• Dehumidifiersystem:

Munters Cargocaire
79 Monroe Street
Amesbury,MA 01913-0640
(508) 388-0600
Contact:David McCarthy

3.4.4 ProvideRecirculationPath for SLC-4E _PayloadA/C ConditionedAir

As shown in Figure 3.4, the volume of air required to be supplied to the

payload actually varies considerablyfrom user to user during the launch.

Generally, at the beginningof the launch cycle, the air flow requirementsare

lower than at the end of the cycle. To accomplishthis with a constantvolume

fan, there is currentlya damper arrangementupstreamof the payloadwhich

diverts the excess air volume to the atmosphere. This practicewastes a

considerableamount of energy becausethe air that is dumped to the atmosphere

has already been fully conditioned(eitherhumidifiedor dehumidifiedand

cooled). If this air could be recirculated,at least a portionof the energy

loss could be recovered.

To determinethe economicalfeasibilityof this ERO, two sample

calculationswere done to estimate an upper bound on the energy savings that

would be realized by implementingthis measure. The first calculationwas

with the worst case summer design day (85°Fdry bulb and 67°F wet bulb for

outside air, 40oF and 40% RH for payload air). The second calculationwas

with the worst case winter design day (32°Fdry bulb and 20°F wet bulb for

outside air, 86°F dry bulb and 40% RH for payloadair). Calculationswere

performedusing a psychometricchart at 29.92 inches of mercury (Hg).

Strictly speaking,this chart is somewhat inaccurateat the pressure level

(0.9 to 1.5 psig) in this system. Since the enthalpy correctionfactors are

additive in nature, and differencesin enthalpywere the desired quantitiesto

be calculated,the inaccuracieswere not deemed to be significant.
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Assumptions

The followingassumptionswere made:

• A generic fully-burdenedlabor rate of $50 per hour was assumed for
craftspersonsand equipmentoperators,based on an average from
Means Cust Data for California (Means 1991) and past experience at
other governmentsites.

° A rate of two Titan IV launches per year is assumed,which is one-
half the worst case scenario presented (USAF 1990).

• lt is assumed that the PL A/C system will operatecontinuouslyfor
4_ days per launch, lt is assumedthat 200 pounds of air per
,,inutewill be deliveredto the payload approximately85% of the
time, and 20 pounds of air per minute will be delivered for the
remainingtime.

° The electricalenergy and nitrogen required for pneumatic
humidificationare negligiblein comparisonto the energy
requirementsfor heatingand/or coolingthe airstream.

° Due to system inefficiencies,the coefficientof performance(COP)
of the electric heat duct was low, around 1.0. In addition,
because of the simultaneoususe of trim heaterswith cooling coils,
a COP of 2.0 is assumedfor the chilledwater cooling system.

° Life expectancy is not applicableto this ERO.

° The first cost oF this ERO is estimatedto be a total of $48,800.
This cost includeslabor and material costs for installingtwo
50-foot lengthsof 14 inchesouter diameter (OD) insulatedstain-
less steel duct, four modulatingdampers, and two 12 inches deep
reinforcedconcretecore drills (MeansCost Data). lt also
includes $10,000 for changesto design drawings.

Results

This ERO is a good example of why detailedcalculationsmust be done on

a system-by-systembasis. For the worst case summer design calculation(in

effect, _ whole year's worth of worst case days), the energy savings is only

3,700 kWh per parallel system per year. This low savingsis primarilydue to

the relatively short amount of time that the system delivers less than 200

pounds of air per minute. If the duty cycle changes in the future, then this

ERO might be economicallyfeasiblewhen the outsideair temperatureis higher

than the temperatureof the payloadair.
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A much different result is obtained for the worst case winter design

calculation (again, a whole year's worth of worst case days). In this

scenario, it requires considerably more e_lergy to recirculate the payload air

than to vent it to atmosphere. At first, this result is surprising, but after

consulting the psychometric chart, it becomes very understandable. The energy

that the supply fan imparts to the airstream is so high that, at any outside

air temperature cooling is required before the air reaches the payload. Thus,

the key to minimizing the energy consumption is to minimize the amount of

cooling required to achieve the desired payload temperature. If the payload

air is cooler than the supply air, then mixing the two before the air stream

reaches the supply fan causes a corresponding decrease in outlet temperature.

In contrast, if the payload air is warmer than the outside air, mixing the two

will cause an increase in outlet air temperature, which is contrary to the

desired effect.

In summary, there is no economic advantage in implementing this ERO

unless there are future changes in operations schedule (i.e. more frequent

launches, less air required to payload, etc.).

Sources. References for the assumptions and data presented in this ERO

are as follows:

• PL A/C system:

Cameron Hedges, Mechanical Engineer
Mart i n-Mari etta
SLC-4, Vandenberg AFB, CA 93437
(805) 734-8232, Ext. 5-2568

• Psychometrics:

ASHRAE Brochureon Psychometry
American Societyof Heating,Refrigerating,and Air Conditioning
Engineers (1977)

° Coefficientsof Performance:

ASHRAE/IES Standard 90.1
American Societyof Heating,Refrigerating,and Air Conditioning
Engineers (1989)
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4.0 ENERGY RESOURCEOPPORTUNITYIMPACT STUDY

The energy resource opportunities(EROs)described in Sections 2 and 3

of this report were evaluatedon the basis of their life-cyclecosts. Sec-

tion 4.1 describes the life-cyclecost evaluationmethod, and Section 4.2 pre-

sents the results of the evaluation.

4.1 LIFE-CYCLECOST EVALUATIONMETHOD

Federal agencies are requiredto evaluate energy-relatedinvestmentson

the basis of minimum life-cyclecosts (10 CFR Part 436). A life-cyclecost

evaluationcomputes the total long-run costs of a number of potentialactions,

and selects the action that minimizesthe long-run costs. The life-cyclecost

(LCC) of a potential investmentis the presentvalue of all of the costs asso-

ciated with the investmentover time. The first step in calculatingthe LCC

is the identificationof the relevantcosts; these are listed in Table 4.1.

The cost elements cannot simply be summed up when calculatingthe life-

cycle costs, as costs that are borne at differentpoints in time need to be

treateddifferently. This is accomplishedthroughdiscounting,using the fed-

erally mandated discount rate of 4.6% (NIST 1991).

The LCC of an alternativeis calculatedby summingthe installedcost

and the present value of the energy cost, the annual O&M cost, and the

replacementcosts, as shown in Equation 4.1.

LCC = IC + PV(EC) + PV(O&M)+ PV(REP) (4.1)

where LCC = Life-CycleCost

IC = Installedcost

PV(EC) = Present value of annual energy cost

PV(O&M) = Present value of annual O&M cost

PV(REP) = Present value of future replacementcost.

This calculation is complicatedslightlywhen consideringa "Replaceon

Failure" ERO, which consists of replacingworn-out equipmentwith high-

efficiencyequipment insteadof with identicalequipment. In these cases, the
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installedcost is not paid until the existing equipmentwears out. The LCC of

these EROs is calculatedby treating the installedcost as zero, and incor-

porating the cost of the high-efficiencyreplacementsin the PV(REP) term.

Replace on Failure EROs enjoy a cost advantage in the life-cyclecosting

methodology,because their installedcost is discounted,while the installed

cost of Replace ImmediatelyEROs is paid in full. At the same time, however,

Replaceon Failureoptions are penalized in the energy cost component of the

LCC calculation. Replace ImmediatelyEROs experience lower energy costs from

the start, while Replaceon Failure EROs bear high energy costs until the

replacementoccurs.

Energy resource opportunitiesare selected for implementationon the

basis of their net present value (NPV). The NPV of an ERO is the life-cycle

savings of the ERO as compared to not implementingthe ERO:

NPV=LCC -LCC / (4.2)

where NPV = the net presentvalue of the ERO

LCC = the life-cyclecost of the existing situation

LCC' = the life-cyclecost if the ERO is implemented.

Most EROs are selected accordingto a very simple rule: if the NPV is

positive,then the project should be undertaken. If the NPV is zero or nega-

tive, then the ERO should not be implemented. A positiveNPV means the long-

run costs of the ERO are less than the long-run costs of the existing

situation.

The selectioncriteria can be complicatedby a number of factors. If

the ERO is part of a set of mutually exclusiveoptions, then only the option

with the highest _PV is selected. For example, oil-firedfurnaces in the

AdministrationBuildingson the Old Post can be convertedto standard,natural

gas furnaces,or they can be replaced with high-efficiency,pulse gas fur-

naces. The analysis would proceedby calculatingthe LCC of the existing

furnaces,the LCC of convertedfurnaces,and the LCC of new pulse furnaces.

Dependingon the level of operationand the oil and naturalgas prices faced,
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either of the two EROs might be chosen, or it may be optimal to do nothing.

If the NPV of both EROs is positive,the highest NPV ERO would be the most

advantageous.

The value index (VI) is the NPV of an ERO, divided by the presentvalue

of the installedcost of implementingthe ERO. The VI is used to prioritizea

group of minimum LCC EROs. For example, a total of 100 EROs were evaluated.

Of these, 25 had negative NPVs, leaving75 ERO_ to consider. Of these, say

that there are 5 groups of mutually exclusivepairs, and that the highest NPV

ERO of each group is selected. This results in the eliminationof 5 EROS, for

a grand total of 70 EROs to be implemented. The total cost of implementing

all 70 is $5 million, and the facility has an annual budget for energy conser-

vation projects of $I million. The VI would be used to determinewhich of the

70 EROs provide the greatest "returnon investment,"thereby deserving immed-

iate implement&tion.

Calculationof the VI is generallystraightforward,as per Equation4.3.

NPV
Vl - (4.3)

PV(IC)

where Vl = value index of an ERO

NPV = net present value of an ERO

PV(IC) = presentvalue of the installedcost of an ERO.

4.2 SUMMARY OF ERO IMPACTSTUDy

Table 4.2 defines the assumptionsthat are common to all of the EROs

analyzed. Table 4.3 describesthe column headings used in the remaining

tables in this section. The LCC calculationsfor all EROs for each building

type are presented in Table 4.4. Many EROs have negative NPVs, and so are not

cost-effective. Many others are cost-effective,but are inferiorto an alter-

native ERO. Table 4.5 gives the life-cyclecost results for the EROs consti-

tuting the minimum life-cyclecost efficiencyresource and are ranked by VI.

Table 4.6 presents annualized LCC resultswith EROs constitutingthe minimum

life-cycle cost efficiencyresource. In Table 4.7, the EROs constitutingthe
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minimumlife-cyclecost efficiencyresourceare aggregatedby fuel type.

Table4.B aggregatesthe LCC resultsby EROcategory. Tables4.9 and 4.10

followthe formatof Tables4,7 and 4.8 exceptthey presentannualizedLCC

results. Finally,Table4.11 presentsan assessmentof the totalresource.
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TABLE 4.1. Cost Elements in a Life-CycleCost Analysis

Cost Element Description Example

InstalledCost Cost of materials Price of an energy effi-
purchasedand the cient lighting fixture,
labor required to plus cost of labor to
installthem. install it.

Energy Cost Annual expenditures A lighting fixture that
on energy to operate draws 200 watts and oper-
equipment, ates 2,000 hours annually

requires 200 thousand
watt-hours (200 kWh)
annually. At an elec-
tricity price of $0.10
per kwh, this fixturehas
an annual energy cost of
$20.00.

Nonfuel opera- Expenditures on parts Replacing burned out
tions and and activities light bulbs.
maintenance requiredto operate

equipment.

Replacementcosts Expendituresto Replacingan oil furnace
replaceequipment when it is no longer
upon failure, usable.
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TABLE 4.2. AssumptionsUsed in LCC Analysis

Discount Rate" 4.6% real

Analysis Period: 25 years

Current Fuel Prices and ConversionFactors:

Conversion Price

Factor (1992 $/ Price
Purchase (Purchase Purchase (1992

Fuel Unite Units/MBtu) _ $/MBtu)

Natural Gas

Summer Therms 10.0000 0.53681 5.3681

Winter Therms 10.0000 0.57682 5.7682

Propane Gallons 10.5263 0.625 6.58

Unleaded Gasoline Gallons 7.8309 O.83 6.50

Diesel (Fuel Oil #2) Gallons 7.2046 0.70 5.04

Electricity

Summer:On-Peak kwh 293.0832 0.08485 24.8681

Part.-Peak kwh 293.0832 0.05759 16.8787

Off-Peak kwh 293.0832 0.04397 12.8869

Demand kW NA 9.60 NA

Winter: On-Peak kWh 293.0832 NA NA

Part.-Peak kwh 293.0832 0.04924 14.4314

Off-Peak kwh 293.0832 0.04265 12.5000

Demand kW NA 0.06000 NA
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IABLE 4.3. Descriptionof Column Headings

Column Headin_ Description Unit

Area Area of VAFB to which ERO applies Area

End Use Fuel use that is affectedby ERO. End use

Hard Code Designatesthe type of building that is affectedby Hard Code
the ERO.

Energy ResourceOpportunity Describesthe ERO. See Section 2 of this Volume ERO
(ERO) for completedescriptionsof each ERO.

Existing Fuel Type of fuel used before the ERO for the end use in Fuel Type
the area in the buildingtype.

ResultingFuel Type of fuel used after the ERO for the end use in Fuel Type
in the area in the buildingtype.

InstalledCost of ERO Presentvalue of the labor and materialscost of 1992 ConstantDollars

implementingthe ERO. Equals actual cost for
immediateEROs,discountedcost for replace-on-
failureEROs.

PresentValue of O&M Savings Presentvalue of the stream of maintenanceand 1992 Constant Dollars
replacen_ntcost reductionsattributableto the
ERO. May be negative,indicatingERO has higher
maintenanceand replacementcosts than the current
equipment.

Annual Energy Savings Energysavingsthat will be realized in first year HBtu per year
year after implementationof ERO.

Value of Annual Energy Savings Energycost savingsthat will realized in first 1992 Constant Dollars
year after implementingERO

Annual Demand Savings Electricitydemand savingsthat will be realized in kW-monthper year
first year after implementationof ERO

Value of Annual Demand Savings Electricitydeman_ cost savingsthat will be 1992 Constant Dollars
realized in firstyear after implementingERO

Net PresentValue (NPV)of ERO Reductionin life-cyclecost due to ERO 1992 Dollars

Value Index NPV dividedby presentvalue of installedcost None
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APPENDIX

SUMMARYOF ECONOMICANALYSISCASE STUDY OF

SOUTH VANDENBERGPOWER PLANT OPERATINGSCENARIOS

This appendixsummarizesthe resultsof an economic analysisof alterna-

tive operatingstrategiesfor the South VandenbergPower Plant (SVPP),located

at VandenbergAir Force Base (VAFB) in California (Daellenbachet al. 1993).

The SVPP was designed to provideelectricalpower in supportof West Coast

space shuttle launches,a mission that was cancelled. The SVPP was completed

in 1990, and has been used to providethe MissileOperationSupport Require-

ment (MOSR) for missile launchesat the Space LaunchComplexes (SLCs) since

November 1990. In this capacity,the SVPP has provided both primary and

backup power supportat the primary SLCs (Atlaslaunchesat SLC-3; Titan

launches at SLV-4; and occasionalScout launchesat'SLC-3). The missile

launch supportactivity is operationalonly a small number of hours per year,

resultingin substantialidle capacity. Maintenanceand operationof the SVPP

have proved costly,leading to this analysis,whose purpose is to investigate

the cost-effectivenessof a number of alternativeoperatingstrategiesfor the

SVPP, includingpeak shavingand closure. BecauseVAFB has time-of-dayelec-

tric rates from their utility,PacificGas and Electric (PG&E),the SVPP could

be used to generateelectricityduring peak demand periods,thereby reducing

both demand and energy chargesto VAFB.

The analysis began by developingthree primarystrategies. Each strat-

egy describesa way to provideprimaryand backup electricitysourcesto meet

the MOSR, includinga role for the SVPP. The status-quostrategy (base case)

is for the SVPP to supportboth the primaryand backup electricityrequire-

ments without peak shaving. Two alternativestrategiesincludevarious combi-

nations of purchasingprimarypower from PG&E and providingbackup power

through an UninterruptiblePower Supply (UPS),whose electricityis provided

from dedicatedgeneratorsor the SVPP. Each of these three primary strategies

was then compoundedby consideringpeak shaving,which results in a total of

six strategiesto be analyzed,as summarizedin Table A.I.
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TABLE A.I. SVPP AnalysisOperatingStrategies

i

Four OperatinBDimensions

Primary Backup Backup Peak
# OperatingStrategy Power Power Generator Shaving

IA Status Quo SVPP SVPP Hone No

IB Base Case + Peak Shave SVPP SVPP None Yes

2A UPS + SVPP Purchased UPS SVPP No

2B UPS + SVPP + Peak Shave Purchased UPS SVPP Yes
,,.

3A UPS + Generator Purchased UPS Dedicated No
Generator

3B UPS + Generator+ Peak Shave Purchased UPS Dedicated Yes
Generator

SVPP = South Vandenber9 Power Plant;UPS = UninterruptiblePower Supply.

The cost-effectivenessof each of the six strategieswas analyzedunder

three differentscenarios. The base-casescenarioassumedthat no salvage

value is realized upon closureof the SVPP and that existingconstraintson

the annual hours of SVPP operation,as mandated by the Santa BarbaraAir Pol-

lution Control District (SBAPCD),remain unchanged. The first alternative

scenario assumedthat the SBAPCD constraintson operatinghours are relaxed

and that the SVPP can peak shave whenever it is cost-effectiveto do so. The

intent of this scenario is to determinethe value of peak-shavingoperation

without constraintson the hours of generation,so that VAFB staff could

determine,based upon the cost of negotiatingreducedconstraints,whether it

would be worthwhileto attemptto eliminatethe existingconstraints. In the

second alternativescenario,we assumedthat the salvage value of the SVPP

would be realized upon its closure. This assumedthat the gas turbines are

sold or transferredto anotherfederalsite (in the strategywhere the SVPP is

closed).

The overallanalysiswas first simplifiedby determiningthe cost-

effectivenessof peak shavingacross each of the three major strategies, lt

was found that when the SVPP is operatedas a peak-shavingplant, it can cover
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not only its variable costs of generation but also its annual fixed costs of

operation. Under the cost as.sumptionsprovided b.yVAFB staff, the SVPP is

cost-effectiveas a stand-alonepeak-shavinaplant. Hence, scenariosthat

includepeak shavingwill always be preferredto those without peak shaving,

and all of the "A" strategieswere dismissedfrom furtheranalysis,except

strategy IA because it is the currentoperatingstrategyahd provides an

importantbasis of comparison.

The remainingstrategies(IA, IB, 2B, and 3B) were then analyzedto

determinethe most cost-effectiveway to meet the mission requirementsand

operate the SVPP. The life-cyclecost (LCC) of each of the four strategies

was calculated. StrategyIA is the existing operatingstrategy. In strategy

IB, the SVPP is operatedfor primary and backupMOSR power and for peak shav-

ing, with peak shavingbeginningin 1994 and extendingthrough the life of the

gas turbines (2009). In 2009, the installationof groundingtransformerswill

be completed,therebyallowing safe transmissionof power generatedat the

SVPP onto the PG&E power grid. Strategies2B and 3B, which call for the

installationof a UPS system,were analyzedassumingthat a UPS system is

operationalon January 1, 1996, the first year that the UPS system could be

available. Becausethe relativegas and electricityprice projectionschange

continually,it is not adequateto assumethat these dates are the optimal

times to begin operations. Hence, the analysislooks at UPS operationsbegin-

ning in every year startingin 1996 through the life of the current turbines

(2009). The LCC from the most cost-effectiveyear of installationwas then

used as the figure of merit for comparisonpurposes. Note that in all analy-

ses it is assumedthat a UPS systemwith its dedicatedgenerators is installed

to replace the SVPP in 2010 if these systemswere not installedearlier.

The LCC resultsare summarizedin Table A.?. In each case, the net

present value is the differencebetweenthe LCC of the alternatestrategy

being analyzed and that of the base-casestrategy (strategyIA). Table A.2

assumes that the UPS system is installedin 1996.

The results of the analysisindicatethat the most cost-effectiveaction

is to delay _installationof the UPS system until after the useful life of the

A.3
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TABLE A..2. Analysis Results
/
/

ii l i i i i

/

Strategy Operati/hg Life-Cycle Net Present Optimal Year

Number Stra_gy Cost Value to InstallUPS
]A States Quo $13,561,590 NA 2010

IB SVp_ . PS . $3,289,468 $10,272,123 2010

2B UPS/+ SVPP + PS $4,963,101 $8,598,489 2010 .

. 3B U_ + Gen + PS $10,148,855 $3,412,735 2010

PS = Peak S_ave; SVPP = South Vandenberg Power Plant; UPS = Uninter-
ruptible P_wer Supply;NA = Not Available.

SVPP. lt most cost-effectivefor the SVPP to be operated in a peak-shaving

mode hout the remainderof its life. The next most cost-effectivecase

(instal a UPS system using the SVPP as the backup generator)is approxi-

matel 1.7 million less cost-effectiveif the UPS is installedin the year

199( As the installationof the UPS system is delayed,the LCC continuesto

de ine until 2009 when the LCC falls to $3,302,691. This is very close to

LCC of strategy IB, as should be expected. The only difference between

strategiesIB and 2B implementedin 2009 is a ]-yeardifference in when the

UPS system is installed. Given that installationof the UPS is not a cost-

effectivestrategy (as comparedto strategy IB), it should be delayed as long

as possible. In the event that environmentalconstraintswere relaxed, allow-

ing all cost-effectivepeak shaving to occur, the LCC of all of the strategies

(exceptIA) would fall. lt would still not be cost-effectiveto installa UPS

system in 1996, but it would become just cost-effectivein the year 2009. In

other words, the impact of relaxing the environmentalconstraintsto allow for

a greater number of SVPP annual operatinghours would acceleratethe optimal

year of the UPS installationby ] year. Salvagevalue has no impact on the

relative ranking of the strategies,becausenone of the best strategies

includeshutting down the SVPP.

The most cost-effectivestrategy,IB, can"in fact be improved upon. The

strategyanalyzed assumesthe SVPP provides both primaryand backup power for

MOSR support. BecauseMOSR operationsoccur during partial peak and off-peak
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hours, it would be more cost-effectiveto purchase primarypower from PG&E,

providingonly backup power via the SVPP.

Table A.3 illustratesthe impactof the alternativestrategieson the

costs of operatingthe SVPP for I year. The table shows the costs for 1996,

so as to allow comparisonwith strategies2B and 3B, which could not come into

play until then. For the purposesof this table, it is assumedthat the UPS

system in strategies2B and 3B is installedon January I, 1996.

Table A.3 shows the cost of operatingthe SVPP under the current oper-

ating regime (statusquo) and under each of the three peak-shavingstrategies

in the year 1996. The table then shows the value of the electricitygenerated

at the SVPP, for both MOSR and peak-shavingpurposes. The Net Annual Oper-

ating Cost is the total cost of operatingthe SVPP less the value of the elec-

tricity generatedat the plant. Under the currentoperatingregime, the plant

would cost dpproximately$1.27 millionto operate in 1996. The electricity

generatedfor MOSR would cost VAFB approximately$130,000,and so the net cost

of operatingthe SVPP would be approximately$1.15 million.

If the plant were operatedin a peak-shavingmode in all cost-effective

hours, the cost of operatingthe plant would rise to $2.06 million, primarily

as a result of increasednaturalgas use. The value of the electricitygener-

ated at the plant would be $2.10 million,however,which would more than cover

the cost of operatingthe SVPP, resultingin a net cost of -$40,000. If a UPS

system were installedand the SVPP were freed from producingMOSR electricity

(strategy2B), the cost of labor at the plant would fall and the value of the

electricitygeneratedat the plant would rise, leadingto a net operatingcost

of -$252,000in 1996. If the UPS had its own backup generator(strategy3B),

the labor cost would be reducedstill more, resultingin a nat operatingcost

of -$307,000.

The last row of Table A.3, Net Annual Cost, reflectsthe results shown

by the LCCs in Table A.2. The decreasednet operatingcost of strategies2B

and 3B is not sufficientto make up for the investmentin the UPS requiredto

implementthe strategies. Strategy2B requiresan investmentof nearly
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TABLE A.3. Snapshot of SVPP OperatingCosts in 1996

Status Quo Status Quo + PS UPS+SVPP+PS UPS+GEN+PS
Strat. IA Strat. IB Strat. 2B Strat. 3B

Fixed Annual

OperatingCosts
EnvironmentalCosts $354,851 $354,851 $354,851 $354,851

Non-FuelO&M $101,843 $101,843 $101.,843 $101,841

Labor $583,422 $583,422 $305,225 $249,850

IncrementFee $18,869 $18,869 $18,869 $18,869

Gas Customer Charge $9,000 $9,000 $9,000 $9,000
Subtotal $1,067,985 $1,067,985 $789,788 $734,412

Annual Variable
EnvironmentalCosts

Rate per Ton $165 $165 $165 $165
Tons 7.05 33.05 29.96 29.96 '

Subtotal $1,163 $5,453 $4,943 $4,943

Annual Variable
Non-Fuel Operating
Costs

Rate per Turbine $7.66 $7.66 $7.66 $7.66
Hour

Turbine Hours 2,013 9,439 8,557 8,557

Subtotal $15,409 $72,257 $65,504 $65,504

IAnnual Fuel Cost $187,782 $915,397 $1,054,323 $1,054,323

Total Annual $1,272,338 $2,061,092 $1,914,558 $1,859,182
Operatin9 Cost

Annual Generation 2,568 24,919 25,743 25,743

(MWh)
Value of Generation $126,228 $2,101,544 $2,166,504 $2,166,504

Ili

Net Annual $1,146,110 -$40,453 -$251,946 -$307,322

Operatin9 Cost

Annual $0 $0 $313,021 $758,870

CapitalizationCost
Net Annual Cost $1,146,110 -$40,453 $61.,075 $451,548

Gen = New DedicatedGenerator;PS = Peak Shave; SVPP = South Vandenberg

Power Plant; UPS = Uninterru__ptiblePower Su ly. ____-.-
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$5 million, and strategy3B requires an investmentof nearly $11 million

(Kellerand Gannon 1990). The $200,000 and $250,000per year advantagesthese

strategieshave over strategyIB are not sufficientto justify the expendi-

ture. Strategy IB requiresno upfrontinvestment- just a change in the

currentoperatingregime.
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