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The successful widespread commercialization of aquifer thermal energy

storage (ATES) in the United States will depend on how the experiences gained

from early full-scale projects are used as guides in the design, installation,

and operation of future projects. One early system, built in the mid-1980s,

is the U.S. Postal Service (USPS) Mid-Island Mail Processing Facility (MPF),

in Melville, New York. The heating, ventilation, and air conditioning (HVAC)

of the MPF's workroom is provided by an ATES system, which is operated year-

round to provide a source for both heating and cooling, in combination with a

triethyleneglycol (TEG) liquid-desiccantsystem for humidity control.

Because the facility affordsa unique opportunityto study this innovative

system, the U.S. Departmentof Energy's (DOE) PacificNorthwest Laboratory

(PNL) entered into agreementswith the USPS, the U.S. Geological Survey

(USGS),and the New York State Energy Research and DevelopmentAuthority (the

Energy Authority)to assess the operationand performanceof the system.

Two essentiallyindependentquestionswere to be addressedby the

project. The first question is "How does the MPF ATES/TEG technology compare

to conventionaltechnologies?" The second is "What can be done to make oper-

ation of the USPS MPF more economical?" However, modellingof the MPF

ATES/TEG HVAC system and its loads helped to address both of these questions

by showing how much energy is used by the different system components. Note

that the question of how an optimallydesigned and operated ATES/desiccant

system compares to conventionaltechnologiesis not addressed in this study.

Also note that USPS concerns for controlof dust, which the MPF designers

addressed by providinghigh air circulationrates and air washing, made the

ATES/TEG system,with its inherentlyhigh circulationrates and air washing,

particularlyattractive. Howeverthe high air circulationrate was not used

in the conventionalHVAC technologycases reported here because it is

relatively uncommon.

Comparison of unique systemswith conventionaltechnc,logyinevitably

requires removal of the systems from significantaspectsof their design and

implementationcontext. This study is no exception. The MPF ATES/TEG/HVAC

system is the only one of its kind in the world, lt is a highly integrated
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destgn that sought to provide a number of secondary soctal and environmental

benefits whose value is difficult, if not Impossible, to estimate. No

assessment was made in this study of either these beneftts or their value.

Untque designs almost always suffer from overdesign, to ensure functionality,

impacting the costs and operation of the systems. Invariably, considerations

that drive design decisions (such as future energy costs, availability of

fuels, future functional requirements) are rarely accurate, resulting tn

suboptimal designs when viewed a decade later. Additionally, functional

requirements evolve wtth time, and systems must operate to match these

requirements. All of the foregoing factors should be kept tn mind by the

reader because all apply to the ATES/TEG/HVACsystem at the Hid-Island MPF.

As the first task of this assessment, the annual energy performance of

the ATES/TEGHVACsystem was estimated assuming the system is operated "per

design" according to existing operating schedules in effect at the HPF.

Computer simulation models were developed for the MPF and Individual

components and subsystems that make up the ATES/TEGHVACsystem. These models

were based on ortginal destgn documents, monitored data, anecdotal reports,

and equipment and system logs kept by the USPS. ;_o baseltne HVACsystem

models were also developed for comparison to the ATES/TEGsystem. T_ first

baseline system consisted of a two-pipe heating and cooling plant with an

electrically driven water chiller and propane boilers, and standard afr-

handling units to replace the liquid-desiccant system's conditioners. The

second or "alternate baseline" system was an extension of the first with the

addttion of HEPAftlters and desiccant-wheel dehumidification to provide atr

quality and humfdtty control comparable to that provtded by the liquid-

desiccant system's conditioners.

From the standpoint of space temperature control, the first ba_eltne

system fully meets the usual requirements for thts butldtng appltcat_(_,.

However, the liquid-desiccant system can provtde someadditional capa_iltties

that, because their tmpacts have not been quantitatively assessed, ar_ not

credtted tn thts evaluation. These tnclude prectse control of space h_tmtdtty

levels tn summer, and the abtltty to act as an air scrubber to remove gaseous

pollutants (Chung 1993) and particulates. At htgh enough concentrations, the

ltqutd desiccant has also been found to ktll someairborne organisms
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(Amsterdam 1988). The alternative baseline system provides atr quality and

humidity control comparable to that provided by the liquid-desiccant system.

Peak cooling loads calculated as part of this task were considerably

lower than the original design (191 tons versus 329 tons), but latent loads

were more than twtce as htgh (742 1Whr versus 354 lb/hr moisture removal

rates). These higher latent loads are attributable to ventilation equipment

that was added after destgn and construction. Both the simulation and field

test results indicate that the nominal 500 lb/hr capacity of the extsting

concentrator would be adequate if these ventilation loads had not been added.

Because the building envelope of the MPF is well Insulated and tnternal

heat gatns caused by equipment are high relattve to other commercial

buildings, the estimated average and peak heating loads are quite low relattve

to the cooling loads.

Total annual energy consumption for the baseline HVACsystem was

predicted to be 1159.4 RWhwith an additional 6850 ga1 of propane for heating.

Total annual energy consumption for the alternate baseltne system ts predicted

to be 1375 HWh in electrical energy, 6850 ga1 of propane for heating, and

20,249 gal of propane for desiccant-wheel regeneration. By comparison, the

predicted annual energy consumption for the ATES/TEGsystem is 1545 HWh, with

51,918 gal of propane used for liquid-desiccant regeneration. Whtle the cost

to operate the ATES/TEGsystem is higher than the baseltne systems, tt is not

excessive relative to other buildings of its vtntage. The HVACenergy

consumption per square foot of conditioned floor area was predicted to be

17,700 Btu/ft z for the baseline, 30,400 Btu/ft z for the alternate baseline,

and 45,000 Btu/ft 2 for the ATES/TEGsystem. The USPSdesign goal for the

facility tn 1982 was to reduce energy consumption below 88,000 Btu/ft 2.

The higher electrical energy consumption of the ATES/TEGsystem relative

to the baseline systems is primarilycaused by higher air flow rates for this

system relative to the baseline. Higher air flow rates are required to

produce the same net cooling effect because the ATES/TEG system cannot produce

the low supply air temperaturesprovided by the baseline system. Mechanical

refrigerationrequirementsof the ATES/TEG system were found to be reduced by

more than two-thirds compared to the baselinesystem. Parasiticpumping



energy required to operate the ATES and liquid-desiccant systems ts the second

highest contributor to the annual electrical load. Additional performance

penalties associated with operating the liquid-desiccant system include TEG

losses caused by evaporation and the increase in annual plant cooling load

resulting from the heat of solution of the water absorption process and from

the heat produced in TEG circulation, spray and pumps.

Note that the performance of the baseline systems was based on the

performance of 1982 technologies but that the life-cycle costs were based on

current equip_nent, labor and energy costs. The reason for using 1982

technology performance numbers ts this: while the past decade has seen no

appreciable progress tn the performance of commercially available liquid-

desiccant systems, there have been continuing research efforts that, if

commercialized today, would result tn significantly better performance.

Progress tn cost-effective conventional chiller technologies, on the other

hand, has been continuously transferred to commercially available equipment.

To prevent these artificial technology transfer discontinuities from unfairly

penalizing the liquid-desiccant technology we chose to use the 1982

performance numbers. Current cost numbers were used primarily because the 10-

year old cost numbers are very hard to document. Current energy cost numbers

were used because we were primarily interested in the current and future

potential of the ATES/TEGconcept, not how tt might have looked a decade ago.

The NPF is not an ideal case study because construction costs are generally

higher for government projects. Thts could bias the life-cycle cost results

to favor the lowest first cost alternative.

A life-cycle cost analysis was performed to compare the costs of the

ATES/TEGHVACsystem to those of the baseline HVACsystems. The analysis

translated predicted energy consumption of the three systems tnto energy

costs. Capital costs for the liquid-desiccant system were obtained from the

manufacturer, and well drilling costs were obtained from the Melville well

contractor. Other capital equipment costs were estimated using conventional

engineering methodology. Unfortunately, the results of the economic

assessment indicated that both the initial capital and the annual operation

and maintenance costs are approximately double those of the alternate baseline

system and four times those of the baseline system. The existing ATES/TEG
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systemdesign results in little reduction in size and cost of the components
commonto the three systems. AddingATESand liquid-desiccant system

componentsresults in a cost increase of about 3000 over the baseline system
and about 140%over the alternate baseltne system.

The secondgoal of the technical assessmentwas to explore plant

modifications and operational and control issues relevant to performance and

ability of the system to meet the needsof the facility in its current use.

These issues can be largely resolved by the following actions:

• Control infiltration loads causedby shrink-wrap machinesand other
exhaust fans. Dedicated air supplies for the machinescould reduce
latentloadscausedby inducedinfiltrationair flowof over 17,000cfm
when all threeshrink-wrapmachinesare operating.

• Improveefficiencyof propaneboilersfrom around700 to 90% through
eitherreplacementwith a new high-efficiencymodelor throughreclaim
of fluegas heat.

• Operatethe llquid-desiccantsystemmain circulatingand conditioner
spraypumpsonly as neededratherthan continuously,or replacepump
motorswith variable-or two-speedpump models.

• Use variable-speedpumpingon the well-watersystemto bettermatch
coolingloads(thusmore effectivelyusingthe limitedresourceof
storedchill)andto increasethe amountof chillproducedby the
closed-circuitcoolerin winter.

Becauseworkroomcooling loads were predicted to be quite different from

those estimated in the original design, conditioner performance calculations

were made. The results of these calculations suggest the following

operational modifications could be madeto improve system performance:

• Reducedesign supply and return fan air flow rates on the workroom
conditioners to better match actual cooltng loads. Preliminary
estimates suggest this could reduce fan horsepoweron the order of 25%.
Additional savings can be achieved by efficient motor and airfoil
impellerretrofits.

• Changethe designsupplychilledwatertemperaturefrom 50°Fto 54°F.
Thesehigherchilledwatertemperaturesshouldstillprovidesufficient
sensiblecoolingof the space. Basedon the aquifermodel,thiscould
reducemechanicalrefrigerationrequirementsan additionaltwo-thirds.

An operationalassessmentof the liquid-desiccantsystemwas performed

to characterizethe performanceof the system,to identifyoperating
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anomalies, and to provide recommendations(where possible) for improving and

maintaining the system. This task included short- and long-term monitoring of

the liquid-desiccant system, analysis of log .data, and developmentof

conditioner performance algorithms and a moisture load mode]. Results from

the long- and short-term monitoring of the liquid-desiccant system

concentrator suggest there are a numberof opportunities' for increasing

capacity andenergy efficiency. In addition to the opportunities already

identified above, these Include:

• Increase concentrator air flow by increasing horsepowerand/or
mitigating air flow restrictions to increase the moisture removal
capacity of the concentrator. A variable-speed drive or two-speedmotor
retrofit should be provided so that the concentrator can operate at low
fan power most of the time but also operate at a high powerwhen
necessitated by humidconditions. An efficient airfoil blower retrofit
should also be considered.

• Improveconcentrator thermal coefficient of performance by recovering
heat and avoiding mixing desiccant streams of different temperature and
concentration, which occurs in the current system. The addition of a
heat pipe heat exchangerto extract heat upstreamof the reflux cotl and
add it to the intake air upstream of the hot water coil is the first
priority.

• Enlargethe existingdesiccantplateheatexchangerand possiblyuse
returnrefluxwaterto furthercoolthe desiccantreturnedto the system
fromthe concentrator.

The resultsof the technicaland economicassessmentsshowthat the

ATES/TEGsystem,as implementedat theMPF, can(a)providethe HVAC service

and high air qualityforwhichlt was designedbut at relativelyhighcost.

lt is likelythatthe firstcostwouldhavebeenmuch less if the conservative

designcriteriawere relaxedto levelsconsistentwith the criteriaappliedto

an accepted,maturetechnology.Somerelativelylow-costretrofitsand

operationalchangeshave been identifiedthatshouldreduceenergycoststo

operatethe systemby about40%. Furtherreductionsin energycost are

possiblebut probablynot costeffectiveto implementin an existingsystem.

In termsof parasiticenergyuse,the ATES/TEGsystemis more sensitiveto

(a) if measuresto increase concentrator capacity to design capacity and
reduce dehumidification loads by eliminating the shrink-wrap ventilation
loads, which were addedafter design and construction, are implemented.
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control strategy than the conventional system, lt appears that continuous

simultaneous optimization of pumpand fan speeds, supply air conditioners, and

chilled water temperature is needed, as well as carefully optimized pipe and

duct system design, to obtatn reasonable parasitic energy use. However,

investigation of advanced control was beyond the scope of work to be addressed

tn Phase I of the project.

In evaluating the broader implications suggested by the results of thts

assessment, it should be remembered that thts is a unique and Innovative

integration of unconventional technologies. As such, an important objective

has been stmply to tmprove our understanding of the operating characteristics

of these integrated technologies. Thts objective has been met both by the

work reported here and through the USPS's continued operation of the system.

The operational experience and analysis of the ATES/TEG system at the HPF

provide valuable groundwork upon which system and component designs using

similar technologies may be considered. In addition, the results of thts

study provide targets for improving economic and technical performance of the

ATES/TEGsystem, and help determine where improvement will be most beneficial.
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1.0 INTRODUCTION

The U.S. Postal Service's (USPS)Mid-Island Mail Processing Facility

(MPF) is located tn Melville, NewYork. The facility serves as the central

matl collection and distribution point for a population of 2.5 million.

Heating, ventilation, and atr conditioning (HVAC)is provided to most of

the MPFby the unique combination of an aquifer (ground water) heating/cooling

system and a liquid-desiccant dehumidification system as shownin Figure l.l.

The seasonal aquifer thermal energy storage (ATES) system is designed to

provide "cold" water to handle the coollng load during summerand "warm"water

as the heat source for the chiller, operated as a heat pump, in winter.

Backupcooltn9 is provided by the chtller; emergencyheating capability is

provided by modular boilers. Triethylene glycol (TEG) is the ltquid desiccarlt
used to removemoisture from the workroomsupply air. Modular boilers provide

heat to regenerate the desiccant. The 11quid-desiccant system, shownin

Ftgure 1.2, can also add water to the air during periods of low humidity. We

wt11 refer to the MPFHVACsystemand its loads (actual and modelled) as the

ATES/TEGsystem and to the HVACsystem alone as the ATES/TEGHVACsystem.

Conceptually, ATES/TEGHVACsystemsof the type Implementedat the MPF

mayoffer significant operational advantagesover more conventional systems.

Mechanical refrigeration for cooltrig ts downstzedfrom peak cooltng load

levels, and 1ts operation schedule can be reduced. Thus, a stzable reduction

tn peak summerelectrtc loads could occur relattve to conventional systems,

along wtth a decrease tn total summerelectrical use. Downstztngof the air-

conditioning equipmentalso reduces the amountof ozone-depleting compounds

that is required, such AS chlorofluorocarbons (CFCs). Becausethe desiccant

system provtdes dehumidification, cooltng water temperatures are not as low AS

those needed tn other ATEScooltng destgns; thts reduces thermal losses in the

ATEScycle. Ftnally, the TEGliquid-desiccant system provtdes a more precise

control of conditioned space humidity than conventional commercial HVAC

systems. TEG-baseddehumidification systemsmayalso reduce certain gaseous

pollutants (Chung1993) and bacteriological pollutants (AmsterdamI988), and

can help in the removal of atrborne particulates.
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• l DESICCANT CONCENTRATOR

FIGURE1.2. Liquid-Desiccant System Schematic

Because of these perceived advantages and the unique opportunity for

study this innovative existing application affords, the U.S. Department of

Energy's (DOE) Pacific Northwest Laboratory (PNL)(a) entered into agreements

with the USPS, the U.S. Geological Survey (USGS), and the NYS Energy Research

and Development Authority to evaluate the system. Elements of this evaluation
included:

• A technical assessment to 1) estimate the annual electrical and propane
use associated with operating the HPF HVACsystem as originally
designed, and 2) compare this to a more conventional "baseline" HVAC
system. These comparisons provide a gauge for the relative energy merit
of using an ATES/liquid-desiccant system at the MPF, as well as general
design and operation insights that might prove valuable when considering
such a system at another site.

• A life-cycle cost analysis to compare the costs of owning _nd operating
the ATES/TEG system relative to two baseline HVACsystems representing
conventional HVACtechnologies.

(a) Operated for the U.S. Department ot' Energy by Battelle Memortal
Institute under Contract DE-ACO6-76RLO]830.
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• An operational assessmentof the liquid-desiccant system to characterize
the performanceof the system, identify operating anomalies, and provide
recommendations(where possible) for improving and maintaining the
system. This task Included on-site monitoring and analysis of other
collected operational data (both logs and anecdotal data) on the liquid-
desiccant system.

An additional investigation, not reported here, was conductedby the

USGSto better understand the geotechnical performance of the ATESwells at

the HPF. The objectives of this investigation included defining the local

geohydrologic setting, evaluating the potential causes of well clogging, and

providing general recommendationsfor improving overall systemoperation.
Becauseof funding restrictions, only tntttal investigations were madein
these areas.

The balance of this report is divided into six sections and two

appendices. Section 2 provides systembackground. Section 3 describes PNL's
technical performance assessmentof the system, whtle Section 4 discusses the

life-cycle cost assessment. An operational assessmentof the liquid-desiccant
systemis discussed in Section 5. Section 6 contains conclusions of this

study. References are ltsted in Section 7. AppendixA contains a ltsttng of
the input data that describe the DOE-2Loads, Systemsand Plants modelsused

to estimate the performanceof the baseline systemby simulation. Appendix B
contains a preliminary cost and savings analysis of the control, conservation

and energy efficiency opportunities that were identified in Sections 3 and 5.



2.0 BAI_KGROUND

This section provides backgroundinformation that is useful in

understanding the assessmentthat follows later in the report. Section 2.1
gives an overview of the building and its functions. Section 2.2 provides a

summaryof each of the primary componentsand subsystemsat the MPF. A more
detailed description of the MPFwell layout and construction is included in

Section 2.3, followed by an overview of the basic operating concept of the

ATESsystem in Section 2.4. In Section 2.5, issues associated with modeling

the performance of an ATESsystemwhen integrated with a building HVACsystem

are discussed. Finally, in Section 2.6, the application of computer

simulation for the comparative performance assessmentis presented.

2.1 FACILITYDESCRIPTION

The USPSMid-lslandMail ProcessingFacilityis a 260,000ft2 building

locatedin Melville,New York. The facilityservicesa populationof 2.5

millionwith sophisticated,computerizedmail-sortingequipment.

Approximately1200employeeswork overthe courseof a 24-htday, 7 days a

week. The peak occupancyperiodis between6 p.m. and 3 a.m.,Mondaythrough

Friday. Varioustypesof mail processingequipmentat the facilitysort,

bundleand labelapproximately5 millionpiecesof mail each day.

Lightingfor the workroomarea is providedby variablehigh-pressure

sodium(HPS)fixtures,each controlledby a centralcomputer-generatedradio

signal. The lightingintensityis dictatedby USPS workprogramneeds.

However,energyuse by the HPS lightscan be reducedin responseto

daylightingprovidedby skylights,whichcomprise4% of the roof area. Other

energyconservationfeaturesof the MPF buildingenvelopeincludewhite

Hypalonmembraneroofingmechanicallyfastened(toavoiduse of conventional

roofballasts)overR-30 insulation;exteriorwallsare insulatedprecast
concrete.

Heating,ventilation,and air conditioningof the MPF'smain workroom

(200,000ft2) is providedby a uniquecombinationof groundwater

heating/coolingwith a liquld-desiccantsystemfor humiditycontrol.



The HPFwas designed in the early 1980s, at a time when future energy

costs and availability were highly uncertain. Long Island Lighting Company

(LILCO) was Just completing a major nuclear factltty and a substantial

electricity rate hike was anticipated to pay for the $4.2 btllton plant. 0tl

prtces in the Middle East were still unstable, and political unrest in that

region madethe costs of additional petroleum products htghly uncertain.

Additionally, LILCOwould not provide natural gas service to the facility.

These factors played a significant role in designing the MPF.

2.2 HVACDESIBNSUMMARY

A briefsummaryof eachprimarycomponentor subsystemof the ATES/TEG

HVAC systemis givenbelow:

• AQuiferwell system- ThreeWellssupplycoldwaterto theMPF during
the summer,and are rechargedin the winterwith waterfromthe three
"warm"wellsafterthe waterhas been cooledvia closed-circuitcooler
operation.The threeotherwellsthatsupplywarm wateralso are used
duringthewinteras a sourcefor the heatpumps(chillersoperatedin
heatrecoverymode). Duringthe summer,coldwell wateris circulated
to the workroomair handlers(andchillers,as necessary),and then
injectedintothe warm wells.

• Heat reco_vervch111ers(a)- Two 100-tonchillersare configuredto
operateas heat pumpscapableof meetingeitherheatingor coolingloads
imposedon the conditionercoils. In coolingmode the chillersonly
operateunderheavyloadto supplementthe wellwatercoolingeffect.
In heatingmodewarmwell wateris used as a heatsourceand the
chillersoperatein heatrecoverymode to satisfyheatingloads.

• Closed-clrcultcooler- A roof-topclosed-circuitcooleris u_;edto cool
waterfromthe threewarm wellsduringthe winterfor reinjectioninto
the cold wells. Additionalfreecoolingresultsfrom operationof the
chillersin heatpumpmadewhen a heatingleadexists.

• Lieuld-desiccantsystem- The workroomsupplyair is air condi_tloned
using "conditioners" (essentially atr-handling units with an added
liquid-desiccantdehumidificationfeature)suppliedby the Niagara

(a) While the term "heat pump"adequately describes the function of the
equipment in question, it is customary to use the term "heat recovery
chiller" becausethe selection of operating mode(heating or cooling) is
effected by redirection of water-side flows rather than by use of a
refrigerant reversing valve. The only obvious difference between the
heatrecoverychillerand a standardcentrifugalchilleris the
existenceof an extracondenser.
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Blower Company. Sprayed cooltng cotls, located tn each conditioner, are
supplted wtth chtlled water durtng the summercooltng season.
Trtethylene glycol (TEG), a 11qutd desiccant, ts sprayed over the
cooltng cotls to absorb motsture from the supply atr stream and thus
dehumidify the atr. The latent heat associated wtth thts process, along
with the senstble heat load tn the atr, ts transferred to the water
passtng through the spray cot1. Water absorbed by the TEG solutton ts
removed at a central liquid-desiccant concentrator. In wtnter, the TEG
cycle may also be reversed, wtth the liquid-desiccant system used to add
water to the supply atr stream for space humidification by spraytng

• dllute TEG over unlt heatlngcolls through whlch hot water Is flowlng.

• Modular Uoil_r; - Heat requlred for operationof the liquid-desiccant
• concentratorIs provided by two banks of modular propane boilers.

2.3 WELLDESCRIPTION

The ATES system conststs of six 180 ft deep wells, each made up of a

].O-ft diameter (I.D.) steel castng fttted with a 50-ft long 8-in. dtameter

screen. The screen ts surrounded by a 1.S-ft diameter fine gravel envelope

that extends 20 ft above the screen for a total hetght of 70 ft. The castng

above the gravel pack ts enclosed in cement grout. The well pump is located

withtn the castng above the screen and withtn the water table at a sufficient

depth to allow for drawdown. Clearance of ] tn. around the pumpon all sides

allows for recharge. A line shaft turb|ne pumpis used. Thus, the pumpdrtve

motor ts located above the well. The cross sectton of atyptcal well ts shown

tn Ftgure 2.1. The subsurface environment penetrated by the wells is

comprised of 91actal outwash sand and gravel sediments known as manetto

gravel. The ground water table ts 40 ft below surface grade. At the level of

the well screen the aqutfer ts classified as the upper glacial aqutfer.

Wells lA, 2A, and 3A are located on the eastern boundary of the USPS

property, as shown tn F|gure 2.2. The reported temperature of water from

these wells prtor to ATES system operation was 63.50F. This relatively high

• temperature ts considered to be a result of warm water discharge tnt• the
ground from off-site wells located to the north that servtce atr conditioners

of large offtce complexes. Through regtonal flow of ground water, thts

discharge was expected to affect aqutfer conditions at the USPS/MPFstte. As

a consequence, the warmest wells of the ATES system, (the east wells) are used
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as the winter heat source for the chillers. In summer,warm water return from

the USPS/HPFis injected into the ground at these wells.

Wells 4, 5, and 6, also shownin Figure 2.2, are located on the west

side of the USPSproperty. The reported temperature of water from these wellsT

prior to ATESsystem operation was 57.9oF. The west wells are not in line

with the regional flow of discharge water from the off-site wells to the

north. These wells are therefore used for summersupply of cool water to the

chillers and are retnjected wtth cool water during winter.

2.4 WELLSYSTEHOPERATIHGCONCEPT

• The well system ts designed to supply the HPFwtth cool water to meet

the cooling load during summerand warmwater for heating during wtnter. The

basic concept ts that of seasonally storing massesof warmand cool water tn

separate locations tn the aquifer. As tt ts warmedtn summer,the water ts

injected tnto east (warm) wells lA, 2A, and 3A; as tt ts cooled tn winter, the
water is injected tnto west (cold) wells 4, 5, and 6.



Because the NPF's butldtng envelope ts well Insulated and tnternal heat

gains caused by equipment are high, the ortgtnal design calculations indicate

that more cooltng energy ts required on a seasonal basis than heating. To

meet the additional cool water requirements beyond what can be produced during

winter chtller (heat recovery mode) operation, water drawn from the east wells

may also be passed through the roof-top closed-circuit cooler and retnJected

tnto the west wells. The closed-circuit cooler ts designed to reduce water

temperatures tn the winter prior to injection tnto cold water wells. Thts

additional cooling capacity ts required to offset the heat loading generated

by the matl processing operation and to balance annual heating and cooling of

the ground water thermal storage. Following seasonal changeover(a), a cool

water mass should be available from the west wells for summercooling, and a

warm water mass should be avat]able from the east wells for winter heating.

The heat losses caused by (horizontal) regional water flow and vertical

conduction, along wtth other geulogtc factors, limit the amount of stored heat

or chill that can be recovered from the wells. As a result of the regional

flow, the southernmost west (cool) wells supply the coolest water and

southernmost east (heat) wells supply the warmest water.

The workroom summercooling process was designed to use 50oF chilled

water tn combination with the liquid-desiccant system. Whencool water

recovered from the wells ts above 50°F, the water chillers further chill the

water to obtain the design temperature. The design goal ts to be able to

obtain direct cooling wtth well water without electric chillers, but thts wtll

depend on whether the amount of cold water stored during the previous season

(less recovery losses) ts adequate to meet the annual cooling load and whether

recovery flow rates can be maintained at design levels. The design assumes

wells wtll be pumpedonly as required to meet the heating or cooling needs of

the MPF on a datly basis. Single-well operation occurs during moderate

cooling _nd heating periods. Two-well supply operation occurs during periods

of htgh cooling needs.

(a) According to the direct dtgttal control schedule for the MPF, seasonal
changeover occurs at a meandatly temperature threshold of 65°F. In the
computer model, seasonal changeover times are determined by the
procedure described tn Section 3.2.4.3.
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2.5 MODELINGOFATESANDBUILDINGHVA_SYSTEMS

Several levels of sophistication are posstble tn the analysts of ATES

systems. The connection betweenthe aqutfermodel and the dynamtcbutldtng

load model ts often simplified in the preliminary design phase. Total annual

heating and cooling load estimates typically are used to esttmate the

"average" recovery flow rates from the aqutfer for the enttre heating/cooling
seasonand the total "charge" of water that must be recovered over the season.

Following a survey of the stte, a hydrogeologtc model is developedto predict

howwell a seasonal ATESsystemcan meet these requirements. The aqutferJ

models numerically solve for the th_.mal responseof the subsurface
environment (Vat1 1989), accounting for horizontal transport and vertical

conduction wtthtn the aqutfer and for long-term heating or cooling in the

storage zone. However, even if the aquifer model is highly accurate, a

simplified, seasonal load approachto coupltng the aquifer with the building
can result tn significant systemperformanceprediction errors because it does

not capture all of the dynamtceffects of changing building loads (i.e.,

hourly, daily, monthly). Also, tf average flow rates are used, the analysis

might falsely predtct that an ATESsystem ts adequate whenactually tt mtght

fail to produce sufficient flows at cold enoughtemperatures late in the

summer,the time whenpeak cooltng loads generally occur. An equally
unsophisticated approach, and one that ts often used to estimate chiller

annual energy consumptionfor buildings wtth conventional HVACsystems, ts the

"equivalent full load hours" (EFLH) method(ASHRAE1985, Chapter 25). Results

of EFLHanalyses are overly conservative tf cooltng loads vary muchfrom the

peak. Ustng peak recovery flow rates to esttmate ATESseasonal performance

might lead to overly conservative well destgns.

On the other end of the spectrum, the most sophisticated methodfor

modeling the USPS/MPFwould be to link an ATEScomputational model created toD

predict aqutfer performance (t.e., flow rates and heat/chill recovery
efficiency) dtrectly wtth a sophisticated transient simulation model of the

i

building, so that the HVACdynamiceffects downto the zonal level mtght be

determined. Suchan approachts not justified tn most design or case study

settings becauseof the uncertainties tn the parameters neededto specify a

detailed engineering model. Instead, hourly total heating and cooling plant

11



loads were calculated using a dynamic butldtng thermal model and these loads

convertedto required aq:_iferrecovery flow rates. In this approach the loads

are averagedover the la._gertime increments(approximately12 ht)

characteristicof the computationaltime step of the aquifermodel (Vail,

Kannberg,and Kincaid IgS,l).Return water temperaturesto warm wells from the

MPF are estimatedi)yan :sexy balance based on recovery flow rate. Whenever

the aquifer recovered:_ill is predictedto be inadequateto meet current

building cooling needs, i:bebalance is assumedto come from the water

chillers.

The MPF calculatedthermalloads and local weather data were also used

to determineoperationrcquireb_entsfor the closed-circuitcooler. Finally,

)redicted latont heat loads for the workroom were used to predict annual

desiccant system performance,includingthe propane used by modular boilers

for regenerationof desiccant in the concentrator.

2.6 COHPUTERSIMULATION

Though this study was focusedon the performanceof two specific HVAC

subsystems--theaquiferand desiccant--theinteractionsand inherent

Interconnectednessof these systemswith the buildingand its operation

required that a building-levelaw)alysisbe conducted. F.r such analyses,

computer simulation is the _Jst cost-effectivetool, and often the most

appropriateone. Although some field energy performancedata were available

on the energy performanceof the MPF ATES/TEG system,direct comparisons

between this measured data and simulatedperformanceof the baseline system

could not be justifiedbecause independent,uncontrolledvariables such as

weather and occupant behavicr influenceenergy performanceconsiderably.

These variablesmust be assumed determinatein a computer model, but are

rarely well understood In an actual facility, lt can also be argued that

computer models of complex systems {e.g.,the aquifer) rarely perform exactly

as the real system ooes in every detail even if the system is well understood.

However, a computer simulationdoes provide a measure of control over

uncertainor difficult-to-characterlzeparameters,_d can thus provide a

basis for unbiased comparativestudies.

12



3•0 TECHNICALPERFORMANCEASSESSMENT

The objectives of the technical assessment were to estimate the annua]

electrical and propane energy use by the MPF HVACsystem and compare this to

the energy used by a hypothetica] conventional HVACsystem, henceforth

referred to as the baseline HVACsystem• The comparative study provides a

gauge to the relative energy merit of the ATES/TEGHVACsystem at the MPF•

The study a]so provides a better understanding of design and operational

problems to guide improvements in the MPF system and its operation, and serves

as a guide to future applications of simi]ar systems in other facilities.

The technica] assessment approach included the fo]]owing elements:

• Obtain information on the bui]dtng (Section 3.].1) and the HVACsystem
(Section 3•2.1) to define the bui]ding envelope, equipment, ]ighting,
occupancy schedu]es, and HVACsystem design parameters and operation
modes•

• Obtain manufacturer's pub]ished data on the _iquid-desiccant system to
develop a]gorithms for modeling performance and energy consumption.
This was supp]ied by Niagara Blower, and supplemented as needed by data
collected for the operational assessment (Section 5) of the liquid-
desiccant system.

• Deve]op a DOE-2 building ]oad mode] (Section 3.1) to estimate b]ock and
zone hourly coo]ing and heating loads under typical weather conditions.
DOE-2 is a widely used bui]ding energy stmu]ation tool consisting of a
Loads program, a Systems program and a Plants program (York eL a].
Z980).

• Develop "baseline" HVACsystem(a) operation parameters and equipment
selections for DOE-2 (Section 3.2.2) an_ from this, estimate baseline
HVACsystem annual energy use and total hourly plant heating, cooling,
and dehumidification requirements for the workroom (Section 3.1•3).

• Create a geohydrologic model of zhe Melville aquifer system using the
computer code ATESSS(Aquifer Thermal Energy Storage System Simulator)
and calibrate it using well log performance data collected in ]992

" (Section 3.2.4.]).

(a) Two baseline systems were ultimately developed: one ustng conventional
chiller and air-handler equipment; the other using a desiccant wheel
unit tn parallel, and HEPAftlters in series, with each atr handler to
provtde atr qualtty and humtdtty control comparable to that provided by
a TEG system.
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• Create a model for the above-ground portions of the ATES/TEGHVACsystem
that can be ltnked with the ATESSSmodel (Section 3.2.4.2). The
resulting model is driven by the series of 8760 hourly loads computed by
the DOE-2 Loads program.

• Simulate the integrated ATES/TEGHVACsystem and from the simulation
results, estimate the annual energy use of the ATES/TEGsystem (Section
3.2.5.2).

3.1 BUILDING LOADMODEL "

The DOE-2 Loads program was used to compute hourly block and zone

heating, cooling, and dehumidification loads for the MPF for an entire year.

DOE-2 mathematically represents the butldtng's envelope thermal properties,

occupant heat and moisture generation, light and equipment convective and

radiative heat gains, solar radiation, and heat conduction to and from the

environment. Hourly values of temperature, solar radiation, humidity, and

wind speed from typtcal year weather data, along with 24-hr weekday, weekend,

and holiday profiles describing internal heat gains from people, lights, and

equipment, are used to drive the simulation.

Section 3.1.1 describes the data used tn creating the butldtng load

model. Modeltng assumptions used in developing a DOE-2 description of the MPF

are reviewed in Section 3.1.2. Calculated peak cooltng and heating loads for

the MPF and its workroom are presented and discussed in Section 3.1.3.

3.1.1 Data Collection

The data used to generate the DOE-2 Loads model of the HPF were

essentially all provided by Douglas A. Wilke. This included a limited number

of reproductions from what were reportedly the original design calculations,

and drawings and specifications. In addition (a), informal past reports

prepared for the USPSand others were provided, along with data obtained

(a) Because Wilke, MPF operations staff, etc., all concur that the main
workroom, as currently configured and operated, differs significantly
from the original design.
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through on-site inspections or one-time field measurements by Wtlke. These
data are summarized below:

• Systems ODerattona] Data -Thts 40-page table comptled by Wtlke tncludes
24-hr work area schedules (derived in part from a USPSWEqutpment
Utilization Plan"), mat1 processing equipment operating schedules, and
electrical consumption rates, as well operating schedules and electrtca!
consumption rates on other equipment at the flPF. Electrical data on
this schedule were reportedly obtained by one-time field measurements.

: Data on office equipment (e.g., personal computers, copy machines) were
provided separately.

• USPS/HPFHelvtlle OccuDancv$¢hedulo - Thts table provides the 24-ht
' weekday occupancy schedule for each HVAC',system zone in the facility.

• Block coolino loadtno and closed-circuit cooler capacity - This 1987
informal report by Wilke for Spector/Hillier was (according to a
reference within the report) based on a number of earlter documents.
Included in this report are estimated design block and zone cooling load
data that were useful for comparisons wtth DOE-2 results. Report
appendices also contained well field and plant drawings, detailed space
requirements (temperatures, ventilation rates, lighting, surface
reflectance, occupants) and work area schedules. Even though listed
space requirement and work schedules were obsolete, this report was a
useful reference.

• "Cost Effective Davltqhttnq for Laroe Industrial I)uildlnos" -Thts paper
by Wilke described in detail the workroom HPS lighting system, designed
to save energy by taking advantage of daylighting from the roof
skylights. Additional supporting drawings of the workroom ltghttng
design were also provided with this paper.

• "U.S. Postal System Uses Thermal Enerav" -This paper by D.L. Bratta of
the USPSand Wilke summarizes the buiiding energy design concept and key
system operating parameters.

° Revised design criteria dated 4/;!7/84 - These documents included general
design data and workroom zone load calculations used for sizing the
liquid-desiccant system. Though primarily an aid during the development
of the liquid-desiccant performance models and the HVACsystem energy
model, thts also served as a reference for synthesis of the DOE-2
building load model.

• Fan schedules - This data was useful in the synthesis of a DOE-;) Systems
model and was also used to help estimate infiltration rates for the

' DOE-2 Loads model.

Issues not covered by the above documents were resolved through phone
conversations and written correspondence wtth Wilke.
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3.1.2 Hodelinq AssumDttons

A buildtng's thermal behavior is a complexfunction of interactions

betweenpasstve and active componentsand subsystems. Hany of these
Interactions are not well understood, and can often only be estimated in

models. Furthermore, developing a computer simulation that ts detailed enough

to capture all the complexities would be impractical, even if the available

data on a particular building were detailed and of high quality and the

understanding of this data complete enoughto makethe synthesis of such a

model possible. For these reasons, a numberof simplifications and

assumptionsare tmpltctt in the DOE-2simulation algorithms and butldtng

description formats. Additional assumptionsmadein developing the DOE-2

butlding load model for the HPFstte are reviewed here.

The DOE-2model of the HPF tncludes separate zones that were basedon

HVACequipmentservice zones, rather than on Individual thermostat-controlled

spaces. For example, the butldtng Zones3a and 3b in the workroom, each

serviced by liquid-desiccant conditioner AC-3, were combtnedtnto a stngle

zone. This aggregation was required becausethe DOE-2program ltmtts the

numberof zones wtth unique operation schedules, in a model. Though
modifications to the DOE-2sourcecode could have been madeto overcomethts

limitation, detailed load calculation by control zone ts not really necessary
for the system-level assessment.

A total of 20 zones were established: Zones 1, lA, 1B, 11, and 12 for

the administrative area; Zone 2 for the kitchen, cafeteria, and locker rooms;

Zones3 through g for the workroom; Zone8c for the medtcal unit; Zone 10 for

the computer forwarding area; and separate zones for each of the two platforms

(east and south), the mechanical room, the southeast storage area, and the

plenumabove the administrative area. The zone locations (except for the

plenum) are Identified in the floor plan shownin Figure 3.1.

To drive the DOE-2building load and systemmodels, a formatted hourly

weather data file, which includes temperature, humidity, solar radiation, and

wtnd speeds for an entire year, is required. Continuous and accurate weather
data for the Melville area were unavailable. For this reason, Weather Year
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for EnergyCalculations(WYEC)data for New YorkCity'sLa GuardlaAirport

were used. The WYECdata file representstypicalconditionsand is basedon

over 15 yearsof historicaldata (CrowIg80).

Occupantbehaviorcan representperhapsthe singlegreatestcausefor

uncertaintyin buildingslmulatlons.The presenceand activitylevelsof

occupantswithinthe spacedirectlyaffectthe ratesof heatand moisture

gain. Equallypervasiveare the effectsof occupants'controlover the v

operationof buildingequipment,lighting,and heatingand coolingequipment.

Significantdeviationsin the operationof thisequipmentfromdesignintent

can and do occur,and thesedeviationshavea considerableeffecton building

performance.Becausedetailedlog datawere not availableon all system

operationsand occupantactivities,the schedulesprovidedby Wllkewere used

in the DOE-2model.

The designcalculationsforthe desiccantsystemat HPF assumedworkroom

conditionsof 78°Ftemperatureand 45% relativehumidity(RH)in summerand

65°F temperatureand 30_ RH in winter. (TheWllkereportto Spector/Hllller

listed80oF and 55% RH summer,68oF and 40"/,RH winter.) By contrast,

thermostatsin the buildinghave reportedlybeen set at 72oFyear-round.

Becausethe DOE-2buildingloadmodelallowsonlya singleinterior

temperaturefor the entireyear,72oFwas used. For systemequipment

operation,however,the DOE-2Systemprogramallowsa variationin space

setpolnts,lt was decidedthatto be true to the agreedphilosophyof

developinga "per-design"buildingmodel,the originaldesignsetpolntsof

780F in summerand 68oFwintershouldbe usedfor the workroom.

Estimatingthe net coolingand heatingloadcausedby infiltrationat

the HPF was anothersourceof uncertainty.As originallydesigned,the

buildingwas intendedto maintaina net positivepressurization(i.e.,

infiltration- 0.0). However,the volumeof exhaustair is currentlymuch

largerthanwas originallyexpected. Threeshrink-wrapmachineswith

dedicated exhaust fans totalling 17,400 cfm, each operating about 8 ht/day,

were introduced after the building was designed and occupied. In addition,

air flow rates for someadditional exhaust fans listed in the "System

Operational Data" were not shownin the original "fan schedules". And,

although the ht/day operating schedules were provided for the fans, the

18



corresponding times-of-day at whtch exhaust fans operated was uncertain.

Assumingall fans (supply/return/exhaust) on the "fan schedule" operate at

full capacity, the net flow Imbalance that would be causedby Infiltration may
be as high as 30,000 cfm. Subtracting from thts the flow rates for EF-5

(patnt booth: 7,000 cfm) and other exhaust fans, whtch according to schedules
are not used, reduces Infiltration to about 20,000 cfm. To account for the

expected diversity tn fan operation and becausesomeof thts |nftltratton ts

to unconditioned spaces (e.g., the mechanical room), this numberwas further
reduced by one-half tn the DOE-2Loadsmode].

The secondquestton wtth regard to Infiltration ts where tt occurs.

Platform doors provide one ltkely path. Reportedly, these doors are

intermittently proppedopenby staff. Windowsin the administrative offices

can also be opened. For the load analysis, the total estimated infiltration

rate was apportioned on a volumetric basis (i.e., uniform air changesper

hour) amongall the conditioned zones except for the tsolated Zones11 and 12.

Becausethe workroomis a commonopenarea, this assumption is not
unreasonable.

]t would have been difficult--but fortunately was not necessaw--to
Individually mode]each of the 364 skylights in the workroomarea. To account

for the effect of the skylights, two separate skylight modelswere developed

for each workroomzone. The first mode]accounted for the thermal effect, and

stmply lumpedtogether all the skylights 1ntu a stngle one with the sumtotal

windowarea and Identical heat transfer properties. The secondskyltghttng

mode]was for the daylighting calculations. A single skyltght encompassingan

area whoseperimeter surrounds the enttre array of skylights, thus Including
the roof area betweenskyl|ghts, was del|ned for each zone. Thts mode] had

heat transfer properties artificially set so no thermal transmission would

• occur, and had a vtstble transmittance adjusted by a factor equal to the ratto

of the actual skylight area to the larger (by the amountof included roof)
artificial skylight area. This approachallowed DOE-2to account for window

posttton in the daylighting mode], an effect that would othe_tse have been
lost.
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3.1.3 Results

Once the DOE-2 Loads program input deck was completed, the heating,

cooling, and dehumidification loads were estimated on a workstation computer

using Version 2.1D of DOE-2. A copy of the input deck is included in Appendix

A. Results are discussed for the summercooling and winter heating loads.

Note that because the energy analyses are concerned with net system and plant

cooling and heating requirements, the loads tnclude mechanical ventilation.

This component of the load was actually computed using the DOE-2 Systems

program.

The peak workroom block cooling load predicted using the DOE-2 building

load model was 191 tons at 23:00 hr on July 19. Outdoor air conditions at

this hour are 84°F dry bulb and 76*F wet bulb. This time corresponds to the

peak acttvtty period in the workroom, as indicated by equipment and occupancy

schedules. By comparison, the design peak workroom load reported by Ntlke in

the Spector/Htllter report is 284 tons, and the orlgtnal design calculations

for the desiccant system reported 329 tons peak cool tng load for the workroom.

However, whtle the DOE-2 simulated total (sensible plus latent) design loads

are much lower, the DOE-2 model predicts a much higher latent load fraction

than the Spector/Htllter and desiccant system design estimates. One-third of

the DOE-2 peak hour workroom load is latent load--equivalent to a required

moisture removal rate of 727 1b/hr. Also the time of the DOE-2 peak latent

load does not coincide wtth the time of the peak total load given by the

Spector/Htllter or ortgtnal design estimates. DOE-2 gives a peak latent load

of 742 lb/hr on July 29 at 17:00 ht, when outside air temperatures are 84oF

dry bulb and 78oF wet bulb. This is nearly 50/, larger than the nomtnal

concentrator capacity of 500 1b/ht, and more than double the 354 1b/ht

estimate reported in the design calculations ('). A total of 441 hr during

(') High as the estimate of workroom dehumidification load is, this high
latent load may not be conservative relative to the actual peak. If the
arbitrary diversity factors applied in estimating the infiltration rates
are not valid, the load could be off by as much as 20 to 25_,.
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the cooltng season are predicted by DOE-2 to have workroom dehumidification

loads exceeding 500 1b/hr.

The differences between the DOE-2 predicted workroom block peak cool tng

loads and those given in the ortgtnal design calculations for the desiccant
conditioners can be attributed to:

• Htaher sensible heat assumedtn destan calculations.

• 1. 1,337,600 Btuh of equtpmnt heat load was the basts for the
destgn, but schedules tndtcate only 803,740 atuh of equipment load
ts Installed tn the workroom.

• !

2. The design calculations assume all people are tn the space and all
equipment ts "on" durtng the mtddle of the day (14:00 ht), when
solar heat gatns are at thetr htghest. By contrast, because tt
followed the schedules Indicated by the "Systems Operational
Data," the DOE-2 rode1 predicted that the peak load occurs at
ntght when there ts no solar gatn.

3. Workroom ltghtJng tn the ortgtnal destgn calculations was assumed
to be 0.9 W/ft _, but babiedon the "Systems Operational Data" ts
actually only 0.72 g/ft _.

4. Although the ortgtnal destgn calculations were based on butldtng
loads at 2:00 p.m., no 11ghttng credtt ts taken for daylighting
control.

• Htoher latent loads oredtcted bv DOE-2 butldtnq model.

1. 338 people are assumedto be tn the workroom tn the ortgtnal
destgn calculations, but the "occupancy schedule" has a peak of
432 people.

2. 7,260 cfm of the 10,000 cfm total Infiltration atr at the MPF ts
assumedto be Introduced tn the workroom tn the OOE-2 model, but
no Infiltration ts assumed tn the ortgtnal destgn calculations.

3. Workroom ventilation atr (13,360 cfm) at the peak ttme ts 84oF dry
bulb and 76oF wet bulb, whtle the ortgtnal destgn assumed 90oF dry
bulb and 74oF wet bulb. Thus, whtle senstble Infiltration and
envelope gatns are lower, the moisture carrted by the atr at the
DOE-2 destgn condition is htgher by 0.004 lb motsture per lb dry
atr.

The "plant" at the MPF (t.e., that part of the HVACsystem ustng the

ATES water loop) provtdes heattng and coollng to the workroom tn addttton to

the administrative, lockers, and cafeteria areas. The annual plant cooltng

load predicted by 00[-2 was 5485.5 MBtu, or 457,000 ton-hr. The workroom
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annual latent load, representing the total load tmpose_ on the liquid-

desiccant system, Is 897.7 HBtu, or 846,000 ll)m moisture.

As would be expected from the block loads, peak simulated zone loads tn

the workroom also differ greatly from the original design. Table 3.1 ts a

comparison between DOE-2 predicted workroom zone peak loads, the design zone

peak loads, as given tn the Spector/Htllter report, and the original design

calculat|ons for the desiccant system. The only zone load predicted to exceed

the earlier design estimates of peak cooling load ts the 44.9-ton load imposed

on conditioner AC-9 (31.9 tons and 33.4 tons tn the design calculations).

Other zone cooling loads are predicted by OOE-2 to be between 33_ and 60/, of

design. However, dehumidification loads (tn ll_/hr moisture) were predicted

to be 30"/, to 400_ higher than design. (`)

The building envelope of the HFF ts well |nsulated and internal heat

gatns caused by equipment are quite htgh relative to other commercial

buildings. For these reasons, when the building was designed, the annual

heating requirements were expected to be very low relative to annual cooling.

:YI_L[_,_._I. Workroom Zone Cooling and Dehum|dlflcatlon Load Summary

Spector/Ht111er Ltqutd-Des|ccant DOE-2 Hodel
Report, Destgn Calculations, Predictions,

Zone June 21, 3:00 o.m. July. 2:00 p.m. July 19. 11:00 O._,

AC-3 42.5 tons 74.6 tons (40.5 #/ht) 35.56 tons (]19.5 #/ht)

AC-4 43.5 tons 41.7 tons (92.1 #/ht) 24.94 tons (118.5 #/ht)

AC-5 36.4 tons 42.2 tons (26.5 #/ht) 21.6 tons (59.7 #/ht)

AC-6 52.0 tons 50.8 tons (63.9 #/ht) 17.0 tons (82.4 #/ht)

AC-7 27.6 tons 28.0 tons (14.9 #/ht) ]1.26 tons (58.8 #/ht)

AC-8 48.1 tons 59.6 tons (77.4 #/ht) 35.89 tons (133.7 #/ht)

AC-9 33.4 ton# 31.9 tons (38.7 #/hP) 44.9 tons (154.9 #/ht)

283.5 tons 329.0 tons (353.9 #/ht) ]91.2 tons (727.5 #/ht)

(') The discrepancies tn total (sensible plus latent) loads ratsed a
separate tssue wtth regard to the conditioners' abtllty to meet the
htgher latent loads while maintaining space dry bulb temperatures at the
destgn setpotnt. However, conditioner performance calculations showtng
that thts ts Qg.t an tssue are discussed tn Sectton 5.1.
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The DOE-2 building load model confirmed this design expectation, predicting a

peak plant heating load of 540,000 Btuh, and an annual plant heating load of

375 MBtu, which is only about 7% of the DOE-2 predicted seasonal plant cooling

load. A margin of conservatism ts clearly embodied in the ortginal design of

the flPF heating plant (and verbally confirmed by Wtlke); the heating system

was sized based on a peak plant heating load of 2,350,000 Btuh (300 gpm and

15°F temperature difference).

3.2 HVACSYSTEMMODEL

Two HVACsystemmdels were developed as a part of this assessment; a

ATES/TEGmodel based on the actual design at the MPF and a baseltne HVAC

system, which is based on conventional 1982 HVACtechnologies (al. In

Section 3.2.1, the sources of data that supported development of these systems

models are described. Section 3.2.2 focuses on development of the baseline

model. Sections 3.2.3 and 3.2.4 describe the liquid-desiccant system and

ATES/HVACIntegrated system simulators. A comparison of the predicted energy

consumptions of the two mdels is presented in Section 3.2.5.

3.2.1 Data Collection

The majority of data used to generate the HVACsystem models were, like

the butldtng load model data, provided by Douglas A. Wtlke. The data sources
tnclude:

• Systems ODerattonal Data (described in Section 3.1.1)

• "U.S. Postal System Uses Thermal Enerqy" (described in Section 3.1.1)

• Revised destan criteria dated 4/21/84 (described in Section 3.1.1)

• Fan schedules (described tn Section 3.1.1)

i

(') Life-cycle cost of an alternate baseltne system that provides better air
filtration and humidity control but uses conventional chtllers was
estimated as well. However it was not necessary to model this system
because its performance could be determined by hand calculation based on
the simulated performance of the baseltne system.
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• System flow diagram - This drawing schematically depicts the water and
desiccant ptptng circuits at the MPF, and was useful for both
development of the system models described in this section, as well as
for the economic assessment (Section 4) and desiccant system operational
assessment (Section 5).

• Well operation loas - The USPSwell operation logs for the spring and
summerof 1992 were used to help calibrate the PNL aquifer model. These
logs tncluded flow rates, temperatures, and operational commentson the
aqutfer system.

• Pumoschedu]e- Thts schedule was apparently the original schedule
included with the plans and specifications for the HPF.

• EoutDmentnotes - These notes tncluded HVACequipment perfomance
specifications for (amongother things) the propane boilers, closed-
circuit cooler, and the heat recovery chillers.

• DDCdescrtotton of system operation - These notes described the direct
dtgttal control (DDC) programming required for the different subsystems
in the HVACplant.

• Closed-circuit cooler ooeratton lgas - These logs tracked air and water
temperature, water flow rates, and air relattve humidity during the
1991-1992 winter charging of the cold wells using the closed-circuit
cooler on the roof of the HPF. Together with the "well operation logs",
this data provided a complete historical proftle of the ATES system
performance to assist in development of the PNL aquifer model.

In addition to the above data from Wtlke, Niagara Blower furnished excerpts

from their liquid-desiccant system design manuals and fan curves to support

development of the desiccant system energy performance model created as part

of the ATES/TEGHVACsystem. These data also supported the desiccant system

operational assessment (Section 5) and economic assessment (Section 4).

3.2.2 Baseltne Hodel Development

The "baseline" HVACsystem model was developed to esttmate the annual

energy use for a conventional HVACsystem for comparison to the ATES/TEGHVAC

system at HPF. Whereas the model of the system Installed at HPF (Section

3.2.4) was based on the ortgtnal design wtth refinements to approach "as-

built" and "as-operated" conditions, the baseline system was a "paper" destgn.
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The baseltne model was, however, constrained by the following considerations:

• The baseltne followed conventional system destgn practices of the early
1980s, the same ttme the MPFwas designed. Thts vintage is reflected in
the equipment efftctenctes, as well as tn how the equipment and systems
are controlled.

• Sizing of the baseltne equipment agreed wtth the ortgtnal design
calculations rather than the DOE-2 butldtng load model. This was done
primarily for the economic assessment (Section 4) because tt was felt

• this ytelded the fairest comparison between the baseltne and ATES/TEG
systems, even though it resulted in an oversized system.

Because the baseline HVACsystem model was to use conventional

technologies, it could be modeled using existing component models tn the DOE-2

Systems and Plants programs. The baseltne model was developed in two steps.

Equipment and controls were first specified for the system subject to the

constraints ltsted above. The DOE-2 Systems input deck was then prepared

based on the model system specification.

Note that for the assessment, only differences between the baseline

system and ATES/TEGsystem needed to be considered. This resulted in a more

meaningful assessment because those HVACsubsystems and loads that could be

treated as identical (e.g., packaged units AC-lO, AC-11, and AC-12) were left

out of the comparative energy and cost studtes (a).

Because the existing ATES/TEGsystem has central chilled and hot water

loops, a central system using a stngle electrically driven centrifugal water

chiller and modular propane botlers was selected for the baseltne system's

heating and cooling plant, wtth summerheat rejection accomplished through an
evaporative cooltng tower.

The water chtller was sized for 343 tons refrigeration cooltng, based on

the original design chilled water flow of 824 gpm and a IOoF temperature

difference. The chtller was assumedto produce 44oF chtlled water, as opposed

to the 50oF water destgn temperature used in the ATES/TEGsystem. These lower

(a) Units AC-lO, AC-11, and AC-12 and the zones they serve were tncluded tn
the DOE-2 system model for completeness. The simulation model
characteristics were based on existing plans and specifications.
Because these units are independent from the central plant they wi11
not be discussed further tn the report.
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chilledwatertemperaturesare requiredto achievedehumidificationof supply

air in the air-handlingunitsusingstandardchilled-watercoils(described

later). The chilled_aterflow ratewas assumedto be constant,anddrivenby

a centrifugalpump operatingagainstlO0-ftpumpinghead. The chiller

efficiencywas assumedto be 0.70kW/tonat fullload. The condensingwater

sideis sizedbasedon 3 gpm/ton,with a watertemperaturerise of between

85°F and 950F at designconditions.

To reflectconventionaldesignpracticesfor a centralchilledwater

plant,an evaporativecoolingtowerwas chosenfor the baselinemodel,rather

than a closed-circuitcooler.(a) The evaporativecoolingtowerwas assumed

to havethreecells,andwas sizedfor a heat rejectionrate basedon the

condensingwaterrequirementsof the waterchillerat peakcoolingload.

Partloadoperationwas accomplishedby cyclingfans in individualcells,and

the elnlmumcoldwatertemperatureleavingthe towerwas specifiedas 75°F.

The waterpipingloop interconnectingthetowerand chiller'swater-cooled

condense)"was servicedby a singlepumpoperatingat lO0-ftpumpinghead.

The baselinesystemusesthe modularpropaneboilersin the conventional

functionof generatinghot waterfor spaceheatingonly. The ATES/TEGsystem

presentsa sharpcontrast;the aquiferservesas a heat sourcefor the

chillers,when operatedas heatpumps,and the propaneboilersare used

primarilyfor regenerationof diluteTEG duringthe summercoolingseason.

The boilersin the baselinesystemwere sizedin accordancewith tho DOE-2

calculatedheatingload. The hotwatersupplypumpwas, however,sizedfor

the fulloriginaldesignflow rate (300gl_m)operatingagainsta lO0-fthead.

Ti:ebaselinemodel'sair systemincludesall unitsservedby the central

heatingand coolingplant(describedpreviously).TheseincludeunitsAC-I,

AC-IA,AC-IB,and AC-2 servingthe administrativearea,lockers,and

(a) Environmentalrestrictionson aquifer-injectedwate_requirethat a
closed-loopcoolingtowerbe usedfor the ATES/desiccantsystem. All
coolingtowershave environmentalimpactsof somesort but not all are
subjectto EPA regulationsandthe cost of satisfyingthe regulations,
whe_ applicable,are generallynegligiblefor conventionalcooling
systems.
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cafeteria;and AC-3 throughAc-g servingtheworkroomand medicalunit. The

non-workroomunitswere assumedunchangedin the baselinesystemperformance

modelfromwhat is actuallyinstalledat the MPF; i.e.,air-handllngunits

withoutthe liquid-desiccanttechnology.Thus,for the comparativeanalysis,

onlytheircontributionto hourlyplantheatingand coolingloadsand water

pumpingheadwereconsidered.

• The majordifferencebetweenthe air-sideportionsof the baselineand

ATES/TEGsystemswas that,in the baselinesystem,standardcentral-station

alr-handlingunitsreplacedllquid-desiccantconditionersAC-3 throughAC-9 of
\

the ATES/TEGsystem. Thisdecisionis consistentwith the objectivesof the

technologyassessment,i.e.,to comparetheATES/TEGsystemwith a

conventionalHVAC system. Fromthe standpointof simpleheatingand cooling

of the space,thereshouldbe no loss in capabilityin choosingone overthe

other. However,the liquid-desiccantsystemdoes potentiallyprovidesome

additionalcapabilities,the benefitsof whichare difficultto quantitatively

assess, including:

• The supply air humidity levels can be precisely controlled throughout
the year. The baseline, by contrast, can dehumidify the air adequately
for comfort, but is not designed for precise dewpoint control.

• Air quality may be enhancedthrough the use of the liquid-desiccant
spray as an air scrubber to removegaseouspollutants and particulate
matter, and as a bioctde capable of killing someairborne organisms, if
the system.is operated at high enoughliquid-desiccant concentrations.

An alternatebaselinesystemdesign,whichprovidesair filtrationand

dewpointcontrolqualitiescomparableto thoseprovidedby the ATES/TEG

system,was developedby addingHEPA filtersand desiccantwheeldehumidifiers

to the standardbaselinesystem. The alr-handlerflowratesare the sameas

providedby the baselinesystembut the supplyfanmotorsare assumedto be

50%larger to account for the additional pressure drop across the HEPA
filters.

The baseline chilled water systemwas assumedto use 44*F chilled water

to ensure adequatedehumidification of supply air. This results in a typical

supply air temperature of around 55=F, comparedto 63.5•F design for the

ATES/TEGsystem. Therefore, for the sametotal cooling capacity, the
conventional systemcan use lower air flow rates. Calculations basedon the
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ortgina] ]1quid-desiccant system destgn cooltng loads were used to detemtne

the atr flow rates requtred for the two systems. These resu'its are summarized

tn Table 3.2 for peak operating atr flow rates.

Because the atr flow rates assumedfor the baseltne untts are different

from the atr flow rates assumedfor the ATES/TEGuntts used to condition the

workroom, an esttmate of the fan energy consumption for both systems was

required. As designed, the supply and return fans are intended to operate at

three speeds, wtth speed reduction control based on the current acttvtty ]eve]

of the zone betng served (t.e., etther heavy, medium, or ]tght). A three-

speed fan was not available as a control optton tn the DOE-2 system mode].

For th|s reason, the baseltne DOE-2 system mode] used for AC-3 through AC-9

was specified to use vartable atr volume space temperature control wtth a

continuously var|able-speed control for fan modulation. Using thts

assumption, total hourly heattng and coo]tng loads needed by both the baseline

and ATES/TEGsystem plant models could be calculated by DOE-2.

The energy consumption of the fans was calculated separately on a

spreadsheet ustng the operation schedules deftned tn the "Systems Operational

Data". For these calculations, the measured fan power draw listed for each

fan speed for each of the untts was taken d|rectly from the "Systems

Operational Data". For the baseline, these power draws were reduced to

account for the lower air flow rates by ustng the fan laws. The duct system,

I_. Comparison of Workroom Supply Air Flows

ZgJlg Baseltne Unl_, cfm ATES/TEGUntt. cfm

AC-3 24,100 39,400

AC-4 21,230 35,400

AC-5 14,170 23,600

AC-6 16,500 27,400

AC-7 10,710 19,500

AC-8 15,630 27,400

AC-9 18,790 32,400
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however, was assumedunchanged from the ATES/TEGdestgn, even though tt likely

would be smaller tna new destgn. Also, the fan laws were applted by assumtng

that the pressure drop characteristics of the atr-handling untts used tn the

conventional system and the liquid-desiccant system are the same(a).

The alternate baseltne system uses the same air handler flow rates as

the baseline but uses 50_more fan energy because of an additional 1.5-tn.

pressure drop across the HEPAftlters. Additional fan energy requtred to

operate the desiccant-wheel dehumid|fters' variable-speed fans is

conservatively assumed to be directly proportional to the moisture load.

3.2.3 Liouid-Desiccant System ModQ] Develooment

To support the technical assessment, an energy model for the liquid-

desiccant system was developed, and then Integrated 1hto the complete model

for the ATES/TEGsystem. The desiccant system energy model was developed to

esttmate the hourly and annual energy consumption of the desiccant system, tf

operated as originally designed, to dehumidify the workroom throughout the

cooling season. To drtve the model, the hourly latent loads for the workroom

predicted by the DOE-2 System program (Sectton 3.1.3) were used.

It should be noted that the liquid-desiccant system can also be operated

to humidify supply atr tn the wtnter wtthout use of the concentrator.

However, because performance data and system control and operational details

needed to esttmate conditioner hot water requirements and liquid-desiccant

loss rates were unavailable, humidification was not included tn the liquid-

desiccant system energy model(b).

(a) The fan power savings attributable to the larger-than-standard-practice
baseltne duct system are more than offset by the first-cost savtngs for
the smaller duct system that was not credited to the baseline system in
the life-cycle cost comparison. The ATES/TEGsystem is therefore not
unfatrly penalized by the fan power assumptions.

(b) The heat required for humidification using the desiccant system ts
available at a much htgher COPthan tn conventional hum|dtfters. It
uses the condenser water from heat recovery chillers; the chtllers use
the warm well water on the low (evaporative) side as their heat source.
Thts is, however, probably more than offset by the predicted htgh
parasitic losses associated with operating the desiccant system and
chiller water pumps (see Sectton 3.2.5.2).
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The model tracks the energy consumption of each energy-consuming

component tn the liquid-desiccant system. These tncluded all liquid-desiccant

system pumps, the hot water and ref]ux waterpumps, the concentrator fans, and

the modu]ar propane bot]ers. The operating kWpower data for each of the

electrically drtven componentswas obtained either from the "Systems

Operational Data" tables provtded by Wilke or (where available) the metered

data collected by PNL as part of the desiccant system operational assessment i

(Sectton 5).

A general, rtgorous capactty model for a liquid-desiccant concentrator

of the type used at the MPF must account for entertng atr humidity, atr flow

rate, hot water temperature and flow, reflux water temperature and flow, and

desiccant concentration. It ts not posstble to butld such a model ustng

PNL's monitored test data (Sectton 5.1) and Ntagara Blower's extsttng

performance data because these data represent only two operating conditions.

Zt was hoped that Ntagara Blower could provide some new test data on a

concentrator currently being tested at their laboratory so that such a model

could be created. However, the new test data were unavailable at the time of

this writing. Therefore, tn the model of the concentrator, the capacity was

held constant at its nominal rating of 500 ]b/hr. Based on the original

design documents, the heat input (i.e., neglecting parasitic pumpand fan

energy) required to achieve this capacity corresponds to a thermal coefficient

of performance (COP) of 0.26. This COPand an assumed boiler efficiency of

0.7 provided a simple model for calculating propane use associated with

operation of the concentrator.

The hourly duty fraction for the concentrator was used as the basis for

calculating hourly energy consumption of the system, and was taken to be the

ratio of latent load, for the hour in question, to concentrator nominal

rating. The DOE-2 building load model predicted peak latent loads that

exceeded the concentrator's nominal rating. The excess latent load during

those simulation hours (over 500 1b/ht) was carried over to the next hour, and

represents dilution of the liquid desiccant. In the physical system, this

corresponds to an increased ltqutd volume in the storage tanks. Accumulation

of excess latent ?_ad continues in the simulation until space latent loads

drops below 500 lb/h_.for a given hour, at which time the concentrator



continues to operate at 100%capacity until all of the accumulateddilute

desiccant solution has been processed by the concentrator. The 500 lb/hr

capacity limit, therefore, has no significant effect on predicted long-term
(e.g., monthly) energy use.

Niagara Blower did provide detailed data on their conditioners. The

data included tables and curves that are normally used for selecting

conditioners, but can also be used for predicting exit air conditions given a
knownliquid-desiccant concentration, water flow rate, and chilled water

entering temperature and flow rate. A model was developed from these data to

support analyses of conditioner performance (Section 5.1). However, for the

energy model, a detailed performancecalculation was unnecessarybecause, as

currently applied at the MPF,energy consumptionby componentsassociated with

a conditioner (fan, spray, and return pump) is not dependenton the time-
varying capacity of the conditioner. This is because:

• Conditioner fan and spray pumpsare operated continuously during the
summercooling seasonregardless of moisture removal (hourly duty
fraction- 1.0).

• The conditioner desiccant return pumpcycles periodically to send dilute
desiccant back to the concentrator storage tanks, and ts, therefore,
simply equal to the total rate of moisture removal (which can easily be
calculated) and was found to be far below the pump'snominal capacity.

TEGlosses were assumedto be 0.2% of conditioner capacity (i.e., 1

lb/500 lb). This is a rule-of-thumb used by Niagara Blower. Reported system

losses as recorded in the desiccant systemoperation log kept by the USPSfor

the summerof 1992 confirmed this to be a reasonable approximation (Section
5.3.3).

Adjustments to the hourly plant coollng loads are also madeby the
l iquld-deslccant system energy model to account for the heat of solutlon and

clrculation heat rise of the llquld desiccant. At the peak latent load of 742

Ib/hr, this amounts to an additlonal 25 tons of plant coollng load.

3.2.4 ATES/HVACInteqratlonModel

The DOE-2Loadsprogram, described previously, was used to estimate

hourly heating and cooling loads for the MPF. The baseline system was then

modeled using the DOE-2Systemand Plant programsto estimate annual energy
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use for the comparative assessment. The liquid-desiccant system and the ATES

system are, however, unconventional technologies combined at the HPF in a

unique way, and DOE-2 does not have the capability to model such a system.

Therefore, a separate model was developed. As discussed in Section 2.4, this

integrated modeltng presents spectal problems because the systems operate on

very different time scales.

In Section 3.2.4.1, the well/aquifer computational model used for this

analysts is described. Following that, the methodology used to integrate the

aqutfer model with the HVACsystem is reviewed in Section 3.2.4.2. Finally,

in Section 3.2.4.3, the major modeltng assumptions used to develop this

integrated model, Including a review of HVACsystem components and control

elements, are discussed.

3.2.4.1 Aautfer Mode!

The Aquifer Thermal Energy Storage System Simulator (ATESSS) (Vail,

Kannberg, and Ktncaid 1985) was selected to model the well/aquifer system at

Melville. The ATESSScode was developed by staff at Pacific Northwest

Laboratory to facilitate evaluation and design of ATES systems. The numerical

formulation used in ATESSSdecouples the flutd and energy transport equations

by assuming that the aquifer is perfectly stratified. This assumption is

acceptable except in high-temperature (> 175°F) conditions. Decoupling the

fluid and energy transport tmpltes that buoyancy and viscous fingering effects

are not significant. These assumptions are valid for the Melvtlle site.

Further simplification of the aquifer system results from considering only
vertical conduction and horizontal advection. The resulting numerical scheme

is unconditionally stable and very fast.

Well log data from 1992 was reviewed by a PNL staff geohydrologtst to

develop a description of the aquifer stratigraphy. These data were used to

define the verttcal dtscrettzation used in the simulations. The reference

regtonal aquifer temperature used was 57.9°F.

3.2.4.2 Integration Model Methodoloav

The integrated model of the HPF HVACand aquifer systems is driven by

the precalculated DOE-2 hourly plant loads, weather data, and buildtng design
control criteria. In the simulation,this informationis used at each ATESSS
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computational ttme step to determine the requtred aqutfer operating mode

(t.e., recovery or Injection). Thts ,)ode ts then assumedconstant over the

ATESSStime step (approximately 12 ht). Water flow requirements to the

butldtng are determined hourly, as requtred to meet the precalculated cooltng

or heattng loads. In winter the tnjected water temperature ts determined by

the cold water temperatures that the closed-circuit cooler can produce. The

cold water temperature is a functton of water flow rate and outstde atr

temperature and humidity. Return water temperatures to the ATESmodel are

estimated for each hour based on an energy balance that accounts for heattng

and cooltng loads, the performance of HVACsystem component models(a), and

well flow rate and supply temperature. The hourly flow rates and return

temperatures are averaged over the ATESSScurrent ttme step to obtatn the

average constant return temperature and flow rate for the ttme step. The

average temperature and flow rate are then used by the ATESSSprogram tn

calculations to update the aqutfer computational grtd.

Energy consumption ts computed each hour for the energy-consuming

components tn the system. These components are assumedto operate as requtred

by the butldtng control system to meet coollng and heattng demands. Hourly

load/operation fractions are computed, and used tn conjunction wtth equipment

performance data to determine hourly electricity use. Fan energy use for the

liquid-desiccant conditioners AC-3 through AC-g are, as mentioned earlter tn

Sectton 3.2.2, computed separately on a spreadsheet based on workroom acttvtty

schedules. Predicted latent heat loads tn the workroom are used by the

liquid-desiccant system energy model to esttmate hourly electrical and propane

use. Adjustments to the hourly plant cooltng loads are also made by the

desiccant energy model to account for the heat of solutton and the heat rtse

of the liquid desiccant as a result of circulation.

(a) In summercooltng mode, the cold well water is used dtrectly to cool the
atr, and to absorb the latent heat load of the water absorbed by the
ltqutd desiccant. Thts return water may also be used (as required) by
the concentrator reflux cotl and for water chiller heat rejection before
betng reinjected tnto the warm wells.
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3.2.4.3 ModeltnaAssumottons

The HVACsystemmodeldevelopedfor the HPFwasessentially an energy

rate model, as opposedto a dynamic temperature-control model used by other

butldtng simulation tools. Howe,mr, the HVACsystemmodel, as described

above, is integrated with the A'rEScomputational model, and estimates the

required aquifer supply flow rates and return temperatures to the wells from

the building. The major assumptionsin the modellng approach are reviewed
here.

HVACComDonentModels

Individual componentmodelsare described below:

• Heat recovery chtllers- The (two) heat recovery chtllers were modeled
based on performancespecifications ltsted in the "equipmentnotes"
provided by Wtlke. Maximumsummercooltng capacity for each chiller was
assumedto be 100 tons, independentof operating temperatures, at a full
load compressorpowerconsumptionof 71.4 kW. The chtller partloed
model assumedcompressorpower to vary ltnearly with load. This
assumptioncould result in a small over- or under-estimation of annual

chtller energy input, depending_,_ the load distribution and actualpartload chiller characteristic. The maximumheat recovery
capacity during winter was assumedto be 1,136,000 Btuh. Low-side water
cooling at this capacity was 842,000 Btuh, tmplytng a heat rejection
fraction (HRF) of 1.35. This HRFwas assumedto be constant for
partload calculations, as was the ltsted heating seasonCOPof 3.5, used
to computecompressorkWin winter.

• Modular holler) - The (two) modular propanebotlers used for
regeneration of the ltqutd desiccant were assumedto have a total
heating output of 1,440,000 Btuh each, in accordancewith the "equipment
notes". Basedon verbal conversations with Wtlke, a botler efficiency
of 70"/,was used rather than the originally specified 80%.

• Closed-circuit cooler -Detatled logs of the closed-circuit cooler
operation during the winter of 1991-1992were kept by the USPSat
Wtlke's direction. These logs included water flow rates and
ytnlet/outlet temperatures, along with outside air temperatures and

(a) The partload characteristic is a second-ordereffect for this system (as
it is for most situations in which the chiller is of conventional design
and properly sized) becausepartload effictencies are typically higher
than full-load efficiency by 10 to 20"/,in intermediate modesand are
correspondingly lower in the lowest capacity moderesulting in a
integrated partload COPthat is typically within 5%of the full-load
COP.
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relattve humidities, thereby providing a fatrly complete ptcture of
actual tower perfomance. Thts tnfomatton was correlated ustng a
11near regression to develop a tower performance curve that could be
used for predicting cold water temperatures durtng wtnter chargtng of
the aqutfer. Electrical power consumption rates for the three tower
fans were taken from the "Systems Operational Data" tables.

• _ - Pumpenergy consumption rates were obtatned from the "Systems
Operational Data" tables. Water flow rates for the well system,
however, were based on average measured flow rates as reported on USPS

• operational logs taken tn 1992 rather than the ortgtnal destgn
specifications. Thts was done to better represent the ATES/TEGsystem,
"as-built". Ourtng summercoollng, average flow rates for a stngle well
pumpplus amatn supply pumpwere reported (based on logs) to be about
380 gpmon average (destgn ts 412 gpm). Starttng a second well pumptn
summerIncreases th|s flow to about 500 gpm, and starttng a second matn
supply pumpIncreases flow further to about 700 gpm (destgn ts 824 gpm).
By contrast, tn wtnter, only a stngle well pumpts operated most of the
t|me (heattng ts negligible) to enable the closed-circuit cooler to make
sufficiently cold water _or later chtll recovery. Based on the logs,
the average flow wtth a stngle warm water well operating was about 185
gpm. Starttng amatn supply pumpboosts thts flow further, to about 300
gpmon average.

ATES/HVACSystem Control Model

The simulated control sequence for the heattng and coollng plant at the

MPF combtned automated and manual control decisions tna way that essentially

followed the ortgtnal destgn. Somestmple modifications were made to tmprove

the seasonal recovery efficiency of the aqutfer system. The tntent was not to

develop an optimized system control model, but rather an effect|ve control

model constrained to the "as-built" system currently tn operattor.

• Seasonal aoutfer mode chanaes -Changtng the operating mode of the ATES
system from wtnter recharge to summerrecovery ts essentially a manual
decision, made based on the weather (and thus heattng or coollng needs
of the building). Therefore, the model made use of 1ts "knowledge" of
the weather data. Ourtng the summercoollng season (Hay 15 through
October 15), the ATES system was assumedto always be tn recovery mode.
Durtng the wtnter (November 15 through Aprtl 15), the ATES system was
assumed to always be tn chargtng mode. To dectde changeover durtng the
tntertm seasons (deftned as Aprtl 15 through May 15 and October 15
through November 15), outdoor atr temperatures were looked at for the
duratton of the current ATES ttme step. ]f the outdoor atr temperature
was greater than 65oF the majortty of the ttme, tt was assumedthe ATES
system would be operated tn recovery mode. Otherwise, the ATES system
was operated tn wtntermode. A temperature of 65oF corresponds tn the
ortginal "DDC sequence of operation" destgn documentation to the summer
mode changeover temperature.
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• Summercontrol mQde- If weather data Indicates the hourly outstde atr
temperature equals or excoeds 65oF, a cold well and a math supply pump
are started, along w|th the liquid-desiccant concentrator reflux pump.
If the supply water temperature frm, the well is less than 50"F and the
measured return water temperature from the building air conditioning
untts is greater than 60oF_), a second well is started. If the
return water temperature is sttll greater than 60oF, a second matn
supply pumpts started. If the return water temperature is still above
60oF, a chiller is used to further cool the supply chilled water to
whatever temperature is requtred to matnta|n 60oF return. If the supply
water temperature froo the well Js greater than SO'F, a chiller ts
turned on to cool the water down to 50oF. If the return temperature is
greater than 60oF, a second well ts started, wtth the chiller continuing
to operate. If the return water temperature is still above 60oF, the
second main supply pump is started. Finally, if return water
temperatures are still greater than 60oF, the second ch|ller ts started.
Whenever the simulator indicates the building is in summermode, the
dedicated chilled water pumpsat the individual workroom conditioner
units are cycled as necessary to meet the cooling load.

• Winter control mode - If weather data indicates the hourly outside air
temperature ts equal or less than 50oF, the hot water supply pump is
started. A temperature of SOoF is the winter mode changeover
temperature cited in the "DDCdescription of system operation" If
hourly plant loads show there |s a heating load, one of the chiller's
pumpsstarts, along with a single well pumpand the main supply pump.
The chiller operates in heat pumpheating mode as required to meet the
heating load. Also, whenever the simulator indicates that the butldtng
is in winter mode, the dedicated hot water pumps for individual
conditioner units are cycled on whenever there is a heating load
indicated for the spectftc unit. Finally, the closed-circuit cooling
tower model estimates the exiting cold water it could produce if
operated for the current hour. If temperatures lower than 50oF can be
produced, the closed-circuit cooler pumpsare started and (provided
there is no heating load) a well pump is started. A secondary check
also estimates the cold water temperature that could be produced by the
closed-circuit cooler with the higher supply flow rate (300 gpm versus
185 gpm) achievable by running a main supply pump. If the temperature
is less than 50oF and the total net cooling of the water is enough to
offset the cost of running the additional pump, the main well supply
pumpts started.

(a) Because the design temperature rise in the chilled water system is lO°F,
if 50oF water (or less) ts supplied to the conditioners, the cooling
load is satisfied, as long as the return temperature doesn't exceed
60=F.
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3.2.5 Technical Assessment Results

The simulation of the ATES/TEGsystem model was run for a total of 4

years simulated time, ustng the DOE-2 predicted loads each year. Output

performance parameters for the wells, as well as HVACsystem energy

consumption, were found to be essentially steady after the third year of the

simulation. Results reported here are for the fourth year of the simulation.

• The predicted thermal performance of the ATES system tn the Integrated

model ts presented tn Sectton 3.2.5.1. Fo]lowtng that, the estimates of

• annual energy consumption for the baseltne and ATES/TEGsystems are presented

and discussed at length tn Sectton 3.2.5.2. It must be emphasized that the

numbers presented are simulated, and as such should not be directly compared

to past bulldtng performance measures (e.g., propane use) because of the many

assumptions, simplifications, and Idealizations made tn developing the models

to approach the =as-built" destgn. The assessment approach, however, provtdes

a reasonable basts for comparisons between the ATES/TEGsystem and the

baseline, and gtves a fair Indication of whtch porttons of the system are

ustng the most energy.

3.2.5.1 Aoutfer System Thermal Performance

The total volume of cold water tnjected durtng the wtnter aqutfer

recharge cycle tn the fourth year was 65,000,000 gal. The total energy

removed from the water by the closed-circuit tower was 6890 HBtu, or 574,000

ton-hr. The effective stored cht11, based on the temperature difference

between the tnjected water and the regtonal aquifer temperature (assumed to be
57.9°F) was 5890 MStu, or 491,000 ton-hr. The total volume of water recovered

durtng the summercooltng season was predicted to be 74,000,000 gal. The

recovered cht11, relattve agatn to 57.9oF, totalled 4370 MStu, or 364,000 ton-

ht, for a net energy recovery efficiency of 4370/5890 = 74%. The butldtng's

annual senstble cooltng load, as reported tn Sectton 3.1.3, was 5485 MStu.

The calculated cooltng load associated wtth operating the liquid-desiccant

system, Including heat of solutton and circulation heat gatn, adds an

additional 347 MBtu to thts total, for a total annual space cooltng load of

5485 + 347 = 5832 MBtu. Another useful measure of overall system performance
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ts the TESload fraction: the simulation results tndtcate that recovered chtll

represents about 4370/5832 - 75_ of the total space coollng load.

The htgh chtll recovery efficiency (74_) predicted by the ATESSSmodel

for the Melvtlle ATESsystemwas expected becausethe modelwas calibrated

ustng the well log data collected by the USPSandWtlke at the stte over the

past year. The well logs suggest that the effect of local aqutfer flow ts

negligible even though there is a general regtonal flow of 1.0 to l.S ft/day.

3.2.5.2 [nerqv [onsumetton: Baseltne Versus ATES/TEG

Predicted annual andmonthly energy consumptionand demandnumbersare
showntn Tables 3.3, 3.4, and 3.5 for the baseline, alternate baseline, and

ATES/TEGHVACsystems. The tables showtotal annual and monthly electrical

and propaneconsumptionand a breakdownof total electrical consumptionfor

Individual componentsand subsystems. In addition, monthly demand(peak

hourly load) numbersfor "on-peak" and "Intermediate" demandcharge ttme

pertods (see Table 4.2 tn Sectton 4.1), as deftned by the Long ]sland Ltghttng

Company,are shownalong wtth the total annual energy consumptiondurtng each

of these charge pertods.

Total annual energy consumptionfor the basellne system ts predicted to

be 1159 HWhand 6850 ga1 of propane for heattng. Total annual energy

consumptionfor the alternate basellne systemts predicted to be 1375 HWh,

6850 ga1 of propane for heattng, and 20,249 ga1 of propane for desiccant-wheel

regeneration. By comparison, the predicted annual energy consumptionfor the

ATES/TEGsystem ts 1545 I_dh, wtth 51,918 ga1 of propaneused for 11quid-
desiccant regeneration.

Assumtng95,000 Btu/ga1 for propane, the total predicted stte energy use

per untt of conditioned floor area (227,]25 ft 2) for the baseltne systemts

17,700 Btu/ft z, whtle for the ATES/TEGsystem tt ts 45,000 Btu/ft 2.

Considering only the workroomfloor area (165,700 ftz), these numbersare

27,300 Btu/ft z for the basellne systemand 61,000 Btu/ft 2 for the ATES/TEG

system. Whendesigned, tn lg82, the goal was to reduce energy consumption

below 88,000 Btu/ft 2 for conditioned space.
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IABJ,[_.,___. Basellne HVACSystemPredicted Monthly and
Annual Energy Performance

DemandPeak. kW

Month Plan_. kwh On-Peak Intermediate Propane. aal

JAN 59,372 0 143 1987
FEB 54,377 0 144 1683

• MAR 67,477 0 172 1064

APR 77,967 0 213 191

MAY 101,443 0 201 2

JUN 131,578 306 281 0

JUL 162,351 328 315 0

AUG 154,438 309 292 0

SEP 120,430 311 249 0

OCT 94,416 0 228 28

NOV 72,518 0 191 439
DEC 63,050 0 )44 1456

DemandPerlQd. kwh

Annual P!ant. kwh On-Peak Intermediate Off-Peak Propane qal

1,159,417 346,679 424,011 388,727 6,850

Annual ComponentEneruvConsumotton:Baseltne SyTtem. kwh
Chtllers 313,950

Tower and tower pump 154,269

Hot water pump 58,003

Cold water pump 96,043

Workroomfans 537,152
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_. Alternate Baseline HVACSystem Predicted Monthly and
Annual Energy PerfovJance

DemandPeak,. kW(a)

Month £_ant, kwh On-Peak Intermediate Prooane, qal

JAN 76,644 0 184 1987

FEE 69,988 0 185 1683

HAR 84,959 0 217 1064

APR 95,188 0 260 377

HAY 119,727 0 237 793

JUH 150,269 349 321 3504

OUL 182,489 369 354 6549

AUG 174,332 349 330 5591

SEP 13E.788 358 287 2744

OCT 89,653 0 272 914

NOV 80,428 0 236 439

DEC 63,050 0 ]84 1456

Time-of-Use Period. kWh(a)

_jl_l Plant. kwh On-peak Intermediate Off-Peak ProDane. qal

1,375,100 411,169 502,874 461,071 27,099

_OJ_Ua!CpmDonentEnerqy Consuwtton: Alternate Baseline System, kwh

Chille-s 299,027

Tower znd tower pump 146,936

Hot water pump 58,003

Cold water pump 96,043

Workroomfans 738,591

Dehumidifier fans 36,500

(a) Demandnumbers and time-of-use distributions are based on the load
factors and time-of-use distributions of the baseline system.

40

v



_],L;_._.. ATES/TEGHVACSystem Predicted Honthly and
Annual Energy Performance

DemandPeak, kW

Honth Plant, kwh On-Peak Intermediate ProDane, qal
JAN 15],836 0 273 0
FEB ]38,938 0 276 0
HAR 140,167 0 254 0
APR 110,780 0 241 476
HAY 95,103 0 231 2,027
JUN 112,825 226 226 8,983
JUL 132,496 228 228 16,790
AUG 152,649 310 310 14,335
SEP 138,533 351 354 7,036
OCT 106,540 0 319 2,271
NOV 115,775 0 246 0
DEC 149,445 0 265 0

DemandPertQd. kwh
Annual plant, kwh On-Peak Intermediate Off-Peak Propane. q_l

1,544,979 348,674 709,399 486,906 51,918
I

Annual ComponentEnergy Consumption: ATE$/TEG, kwh

Desiccant system
Concentrator fan 8,630
Hot water pump 3,215

Desiccant pumps 86,258

Reflux pump 1,926

Workroom fans 940,260
Chiller

Compressor 93,947
Cold water pump 21,206
Condenser pump 16,613

Closed-circuit cooler
Fans 72,153
Pump_ 94,863

Other plant pumps
Well 86,552
Hatn supply 79,125
Conditioner chilled water 9,123
Conditioner hot water 973
Main hot water 30,125
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The greatest stngle contributor to the Increased electrical energy use

of the ATES/TEGsystem relattve to the baseltne ts the predicted energy

consumedby the fans (940.3 I_h versus 537.2 I_h). Supply and return fan air

flow rates vary wtth workroomacttvtty levels tn both the ATES/TEGsystem and

the baseltne cases, yet because the baseltne system ts destgned to supply air

at around 55°F versus the destgn 63.5°F tn the ATES/TEGsystem, the baseline

total atr flow can be reduced and sttll provtde the same cooltng effect. The

lower aggregate fan horsepower requ|red to meet the reduced total supply air

flow (outstde atr ventilation rates are not changed) results tn the much lower

annual energy consumption. Note that the baseltne system would have used

about the same fan energy as the ATES/TEGsystem tf tt had been required, by

design criteria, to match the ATES/TEGsystem's htgh air circulation rates for

the purpose of dust control.

Not counttng the electrical consumpt|on of conditioner fans, the annual

electrical energy of the ATES/TEGheattng and cooltng plant ts predicted to be

604.8 I_h, or about 3_ lower than the baseline's 622.3 HWh. Thts modest net

reduction tn plant electrical energy use clearly comes at a htgh prtce because

of conditioner fan energy and propane use. However, by focustng on thts

portton of the total energy bt11, several thtngs can be learned about the

operating performance of the ATES and 11quid-desiccant systems.

Ftrst, the ATES/TEGsystem does use far less mechanical refrigeration

than the baseltne system. The centrifugal water chtller tn the baseltne

system ts predicted to use 314 tNh annually, whtle the ATES/TEGheat recovery

chtllers only use 94 I_h for combtned summercoollng and winter heattng duty.

The standard baseltne system evaporative cooltng tower fans and the

condenser water pumpthat moveswater between the tower and the chtller use a

total of 154.3 HWhto meet a annual coollng season chtller heat rejection load

of 6556.6 HBtu. Thts ts very comparable to the energy use associated wtth

operating the closed-circuit cooler and spray and cooler water pumpsof the

ATES system for wtnter recharge of the cold wells (167 HWh). Such a result ts

not unexpected because the ATES system closed-circuit cooler ts essentially

performing the same functton (heat rejection of the cooltng load) as the

evaporative cooling tower tn the baseline.
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The "other parasitic" electrical costs appear to be the btggest

contributors (after conditioner fan energy) to the htgh predicted annual

electrical consumption of the ATES/TEGHVACsystem relattve to the baseline.

Water pumptng energy (not including the cooltng tower pump; see above) used

annually by the baseltne system |s 154.1HWh. Water pumptng energy used

annually by the ATES/TEGsystem (neglecting the closed-circuit cooler pumps)

• is 248.9 MWh. Adding the electrical energy consumedby the liquid-desiccant

pumps and concentrator fan (94.9 _h) results tn an annual total of 343.8 MWh.

• The largestenergy expenses assoclatedwlth operatlng the llquld-

deslccant system are predlctedto be for boller fuel and llquld-deslccantpump

energy. The predlctedseasonalCOP assoclatedwlth operatlng the 11quld-

deslccant system, Includlngall parasltlcpumplng and fan losses, Is O.171.

Based on the assumedrate of 0.2% TEG loss relat|ve to water moisture removal,

the predlcted annual TEG consumptlonIs less than 200 gal(a). Finally, In

addltlon to these costs, the 11quld-deslccantsystem also Increasesthe annual

plant cooling load by about 6.8%, from 5485 MBtu to 5832 MBtu.

The net COP assoclatedwlth seasonallyoperating the ATES for both

heatlng and coollng, Includlngheat recoverychlllers, closed-clrcultcooler,

and all assoclatedwater pumps, and excludlngthe 1iquid-deslccantsystem heat

galns, energy consumptlon,and condltlonerfans, Is 3.4.

Although the primary goal of the technicalassessmentwas to compare the

energy performanceof the ATES/TEG HVAC system to that of the baselineHVAC

system, severalpotentialoperatlonalor control Improvementsthat could

improveoverall performancewere Identifiedin the process of running the
slmulations:

• Adjust conditioner fan speeds to reflect actua] space loads. The DOE-2
building load model predicts that zone cooltng loads in the workroom are
considerably less than predicted tn the ortgtnal destgn, even though
latent loads are higher. At these ]ower loads the conditioners might be

(') This estimate pertains to TEG losses from a properly controlled and
operating system. Additional losses have occurred at the MPF from time-
to-ttme when equipment failure or operator error resulted in
concentrator or conditioner sumpsoverflowing and spilling quantities of
TES solution on the f]oor. See Sectton 5.3.2.3 for a further discussion
of system losses.

43



able to meet the loads at lower atr flow rates, and posstbly wtth less
chtlled water and/or lower concentrations of desiccant. Some
performance analyses of conditioners based on Ntagara Blower selection
data are presented tn Section 5.1.

• Control Infiltration loads caused by shrink-wrap machtnes and other
exhaust fans. A dedicated air supply for the machines wtll reduce
Infiltration by as much as 17,400 cfmwhen all three shrink-wrap
machtnes are operating. This wtll reduce the moisture load on the
liquid-desiccant system.

• Improve efficiency of the propane boiler from around 70_ to gO_ by
either replacement with a new high-efficiency model or by reclaiming
flue gas heat by injection into the air intake of the liquid-desiccant
concentrator.

• Operate liquid-desiccant system matn circulating and conditioner spray
pumpsonly as needed (rather than continuously) or replace pumpmotors
wtth variable- or two-speed pumpmodels.

• Consider using variable-speed pumping on the well-water system to better
match cooling loads (thus more effectively us|ng ltmtted resources of
stored chtll), tncrease the amount of chill produced by the closed-
ctrcutt cooler tn winter, and decrease the total pumptng energy.
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4.0 L!FE-CYCLECOSTASSESSHENT

A life-cycle cost (LCC) assessmentwas conductedto comparethe costs of

owning and operating the ATES/TEGsystemwtth the two baseline HVAC

technologies. Life-cycle cost ts deftned as the present value of all relevant

costs (initial capital, annual maintenance, and annual energy costs)

associated with each option. A 25-yr analysis pertod was used in all cases.
t

Thts assessment addresseddifferentia] costs only; elements commonto the

three options were excluded. Untque elements resulting from differences in

• technology or size, were Included. This approachhtgh]tghts the key
differences |n the two systemsby avoidtng consideration of factors that

provtde no dtst|nctton.

Emphastswas placed on equitably evaluating the differences tn cost

amongthe systemsrather than the absolute cost of each system. The same

information sources were used for estimating the costs of commontechnologies

such as pumpsand ptpes. The cost of conventional HVACsystemelements was

estimated from published data sources that tncluded Heans (1991), Richardson

(1990), Colen (1990), Konkel (1987), Electrtc PowerResearch ]nstttute (1988),

and Gladstone, Humphreys,and Lunde (]987). Cost data were updated from the

reference year for each source to 1992 dollars by applytng the appropriate

ratio from the ChemtcalEngtneer|ng EquipmentCost ]ndex (HcGraw-Htll 1992).

Well cost data were provtded by Delta Well and Pump,cost data for the liquid-
desiccant systemwere provided by Niagara Blower, and cost data for the

desiccant wheel un|ts were provtded by Bry-Atr, Inc., and CargoCa|re
Eng|neertng Corp.

4.] COSTANALYS|$

• Equipmentrequirements for the ATES/TEGsystemsand the two baseline
systemsare outlined in Table 4.]. This "bill of materials" was the basis for

developing cost estimates. Again, HVACsystemcomponentscommonto the three

systems (such as hot and cold water distribution piping) were excluded from
the analysis.
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J_.F,_.4._. HVACSystemEquipmentRequirements
ni I

Equipment Category Baseline System Alternate Baseline ATES/TE6 System

I I I i ' III

Chiller 2 190-ton, (al (same as baseline) 2 lO0-ton reciprocating
centrifugal with heat reclaim

i

Cooling tower 1020 gpmevaporative (sm ai baseline) 565-gpm closed-circuit
evaporative cooler

i ,,

Propane water heater 2 600.O00-Btuh (sm as baseline) 2 1.440.O00-Btuh
,i

Pumps 2 20-hp/condenser (sam as baseline) 2 S-hp/condenser ,
2 20-hp/tower supply
2 20-hp/tower spray
2 3/4-hp/reflux
2 3-hp/concentrator
6 20-hp/wells

Piping condenser (sam as baseline) condenser
tower supply
tower spray
reflux
concentrator
wells
desiccant

ii iiii imll

Air handlers 8 row, 14 fins per in. Same as baselinebut with 8 row, B fpi cold coil;
(fpi)coil; I row 50X larger aupply fan I row. 6 fpi hot coil;
of 8-fpi hot coil; mtors and HEPA filters desiccant spray and
supply and return fans returnpumps; sprayers;
with variable-sl_d supplyand return fans
drive; Seven units in with variable-speeddrive;
size range: 10.700 Seven units in size range:
to 24.100 cfm supply 19,500 to 39.400 cfm
and 9,200 to 22,140 cfm supply and 18,000 to
return 37,440 cfm return

m

Wells not applicable not applicable Qty 6: I80-ft deep. IS-in.
bore; 12-tn. casing to 110
ft; IS-in. gravel packing,
bottom 70 ft; B-in.
screen, bottom 50 ft.

i

Desiccant equipment not applicable packaged desiccant wheel concentrator (including
dehumidifierwlth spray and return pumps,
"regeneration energy circulation pumps, hot and
control" by variable cold coils, fan,
frequency drive of reclatmer, and demtster);
process & regeratton fans two storage tanks; heat
and wheel indexing timer; exchanger
7 units: 1 1500 cfm, 3
2000 cfm, 3 3000 cfm

i Illll :1 I I e

a) At the December 2. 1992 review meeting it was agreed to ItZe the baI 1tna chillers so that one
chiller alone could meet the cooling load at the Helvtlle facility 90_ of the time. This satisfies
the USPS redundancyrequiremnt and is consistentwith the design criteria used in the design of the
ATES/TEG system.
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Direct Installed costs (Includes purchased equipment, materials, and

direct Installation labor) were estimated for each major component. Nattonal
.

average data were adjusted to reflect conditions in Long Island, New York.

Contingency, sales tax, and contractor overhead and profit were added to

arrive at the total tn|ttal capttal cost estimate. Annual non-energy

operations and maintenance (0_1) costs and equipment ltfettme were also

estimated for each major component to complete the cost specifications

required for the LCCanalysis. The specific estimating approach for each

major component is discussed and results presented in the following

paragraphs.

Installed cost estimates for the 190-ton centrifugal chtllers ranged

from $390 to $420/ton. An average cost of $400/ton, or $76,000 per chiller

was used in the analysis. Installed cost estimates for standard ]I0-ton

reciprocating chtllers ranged from $410 to $560/ton. Heat reclatm

capabilities were estimated by Trane to add 20_ to standard chtller equipment

costs. An average installed cost of $560/ton or $56,000 was used tn the

analysis. O8Jtcost estimates varied considerably, ranging from $3,000 to

$11,000/yr for a 100-ton reciprocating chtller, and $5,000 to $11,000/yr for a

190-ton centrifugal chtller. Average values of $7,000/unit for the

reciprocating untts and $7,500/untt for the centrifugal units were used.

Although considerable uncertainty tn the absolute level of O_twas indicated

in the references, all sources agreed that reciprocating units were more

expensive to operate and maintain than centrifugal units of the same size.

Both units were estimated to have an expected ltfe of 20 years, although at

least one reference suggested a longer ltfe for centrifugal units.

Installed cost estimates for a basic evaporative cooling tower ranged

from $20,000 to $22,000. Chemtcal treatment and freeze protection equipment

were estimated to cost an additional $11,000. An average Installed cost of

$32,000 was used tn the analysis. Ltttle data were found describing expected

annual operating and maintenance costs or equipment lifetime. A general rule-

of-thumb for the chemical process industry is that 08_t is approximately 6_ of

tnttial capital per year for average processes, and ranges from 2 to 10% of

initial capital depending on the severity of the operating condition (Ulrtch

1984). An evaporative cooling tower was Judged to operate under less severe
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conditions than average by the chemical process industry, so annual O&Mwas
estimated to be 4_ of initial capital or $1300. The cooltng tower was

presumedto last at least as long as the economicltfe of the LCCanalysis, or
25 years. The cost of the closed-circuit evaporative cooler was included with

the liquid-desiccant equipmentcost quoted by Niagara Blower andwas not

Independently estimated.

Installed costs for propanewater heaters were estimated to range from

$3600 to $4800 for each of the six 200,O00-Btuhunits in the baseltne system

and from $4000 to $5400 for each of the twelve 240,O00-Btuhunits in the J

ATES/TEGsystem. Basedon average costs of $4200 and $4700 per unit,

respectively, the total Installed cost for propanewater heaters was

Calculated to be $25,200 for the baseltne systemand $56,400 for the ATES/TEG

system. Annual OH costs were estimated to be $150 for the smaller units and
$175 for the larger units. The equipmentwas expected to last approximately

25 years.

Installed cost estimates for pumpsand motors generally varied by a

factor of two amongthe data sources consulted. The wide range can be

attributed to uncertainty tn the pumpspecifications (e.g., horizontal or

vertical spltt casing; ANSI, American Petroleum Institute or other fabrication

standards) and ancillary equipment (e.g., the amountof ancillary piping

included in the installation), as well as the usual uncertainty in cost for a

given specification. The average estimated cost was used for each horsepower

rating. Installed pumpand motor costs ranged from $1900 for a 3/4-hp unit up

to $7600 for a 20-hp unit. Total installed costs for the pumpsltsted in

Table 3.1 (not including the well pumps)were $15,200 for the baseline system

and $47,600 for the ATES/TEGsystem. Annual pumpO_was estimated to be 6_

of initial capita], which is consistent with average conditions in the

chemtcal process industries (Ulrtch 1984), where facilities operate 24 ht/day,

7 days/week. Pumplife was assumedto be 20 years, the sameas for the

centrifugal and reciprocating chillers.

Piping costs were estimated basedon the length, diameter, material, and

complexity of the piping systems. Three distinct piping groups exist: 1)

lengthy, low complexity buried steel piping connecting each of the wells to

the mechanical room; 2) lengthy, moderate complexity copper piping connecting
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the desiccant concentrator wtth the atr handlers and other liquid-desiccant

system components; and 3) short, htgh complexity steel ptptng connecting

vartous equtpmnt tn and around the mechanical room. Well and desiccant

piping lengths and diameters were based on specifications and dimensions shown

on stte blueprints. "Hechantcal room" ptptng lengths were estimated based on

vtsual Inspection and judgment; diameters were calculated based on a destgn

flow veloctty of 5 ft/second.

Installed cost estimates for straight-run copper ptptng vatted by a

factor between 1.5 and 2, depending on the source. An average of the data

obtatned was used, resulting tn an Installed cost esttmate of $7, $8, and $9

per ft of 1-tn., 1.25-tn., and 1.5-tn. copper ptpe. The variation tn cost

estimates for Installed straight-run steel ptpe was sltghtly less. Average

Installed costs per ft ranged from $10 for 2-tn. ptpe up to $53 for lO-tn.

ptpe. Trenching, for the ptpe runntng between the wells and the mechanical

room, was estimated to cost about $3/ft. Labor for plactng ptptng tna trench

ts approximately the same as for plactng on hangers.

Fttttng and valve costs were estimated by multiplying the straight-run

ptptng cost by a factor that vatted depending on the presumed complexity of

the ptptng run. Empirical data describing valve and fttttng requirements for

a vartety of ptptng installations (Hooper 1982) were used to help establish

the following rules-of-thumb: 50"/, for low complexity ptptng; 100"/, for

moderate complexity ptptng; and 200_ for htgh complexity ptptng. An esttmate

based on an inventory of valves and fttttngs tn the factltty would be more

accurate, but thts degree of system specification was not available.

Total Installed ptptng cost for the ATES/TEGsystem were estimated to be

$240,000. Ptptng connecting the wells wtth the mechanical room accounted for

about three-quarters of thts total. About one-half of the remainder was for

the desiccant piping. The total Installed ptptng cost for the baseltne

system, whtch tncluded only a relatively short ltne connecting the chtller

condenser and cooltng tower, was estimated to be about $16,000. Ptptng ts

expected to 1ast at least 25 years and should requtre mtntmal maintenance

compared to other mechanical equipment wtth moving parts. Annual 0_1 was

estimated to be 2_ of the tntttal capttal cost.
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Good agreement was found for conventional atr handler Installed costs

estimated from several sources. In general, the range of estimates varted by

less than a factor of 1.25 after adjusting to the same destgn and economtc

conditions. Average Installed costs were about $0.81/cfm. Return atr fans,

requtred by both the baseltne and ATES/TEGsystems, but not tncluded tn the

Niagara Blower esttmate for the l|qutd-destccant system atr handlers, were

estimated separately. Again, relatively ltttle variation tn estimated cost

was found amongthe sources consulted, once differences tn the estimating

basts were accounted for. Installed return fan costs were estimated to range

from $0.24/cfm at 10,000 cfm down to $0.18/cfm at 40,000 cfm.

The total Installed cost for the basellne system atr handlers, Including

return atr fans, was estimated to be about $123,000. The return atr fans for

the ATES/TEGsystem were estimated to cost $36,000. Atr-handler ltfe data

Indicated that custom untts operating |ndoors typically last 40 years or more,

whtle packaged rooftop untts may only last ]0 to 15 years. Standard atr

handlers operating tndoors were assumedto 1ast 25 years. Annual 08_1costs

were judged to be 3% of tntttal capttal based on a comparison of operating

conditions and 08J_costs already developed for the other HVACsystem elements.

The total Installed costs for the alternate baseltne atr handlers were

assumedto equal the baseltne air handler costs plus the incremental costs of

larger supply fan motors and three-stage HEPAftlters and racks. The

estimated Installed cost difference between 3- and Z-hp motors ts $15, between

5- and 3-hp motors ts $65, between 7.5- and 5-hp motors ts $120, and between

10- and 7.S-hp motors ts $90 (Nadel et al. 1991) for a total Incremental

Installed motor cost of $395. Budgetary estimates recetved from Porter Atr,

Inc. (a) suggest Incremental costs of $6500/10,000 cfm for ftlter racks and

$1250/10,000 cfm HEPAftlter media. The total Incremental Installed cost

(relative to the baseltne atr-handlers), Including Installation of HEPA ftlter

racks, ftlter medta, and larger fan motors was, therefore, estimated to be

$97,000. Additional annual 08_1costs of $24,000 wtll be incurred for ftlter

media and replacement labor. The Installed costs of desiccant-wheel

(a) Porter Atr, Inc., Seattle, WA; personal communication wtth Hr. Chuck
Anderson, Vice President.
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dehumidifiers, Including modulating controls, natural gas piping, and roof

penetrations and vents for regeneration atr exhaust, were estimated to be

$36,900/3,000-cfm un|t, $Z9,SOO/2,0OO-cfm untt, and $24,350/1,500-cfm

untt (a). A total of three 3000-cfm units, three 2000-cfm units and one

1500-cfm untt ts required. Total materials cost for seven units ts $215,350

and installation labor ts an add|t|ona] $8,200. Annual Oau_lts assumedto be

of 4_ of materta] cost, and the desiccant equ|pment ts assumedto have a
i

useful l tfe of 25 years.

In general, well costs are extremely site-specific and are best

estimated by consulting wtth local drilltng contractors. Delta Well and Pump

Company, the MPF well drilling contractor, reported that the cost for the

wells drilled at the HPF stte had been $63,500 at the ttme of construction.

This figure included $41,000 for boring, screening, casing, gravel packing,

and grouting. The pump, motor, column pipe, and drive shaft cost $13,000, and

the valves and ptptng at the well head cost $9,500. Delta thought that

changes in market conditions would probably result in the same cost being

roughly applicable today. Consistent with the analysts of other system

components, the well pumpwas assumedto 1ast 20 years while the balance of

the well (essentially piping components) was assumed to last 25 years. Annual

O&H, expressed as a percent of tntttal capital, was assumed to be 6_ for the

pump, 4_ for the well, and 2_ for the valves and piping.

The unique nature of the liquid-desiccant dehumidification system made

tt critical to obtain an estimate from its vendor. Niagara Blower indicated

that the equipment cost at the time of purchase (the mtd-1980s) was $600,000

and that the same equipment might be purchased today for about $700,000.

Equipment included in this estimate are the liquid-desiccant system atr

handlers, storage tanks, circulation pumps, concentrator, heat exchanger, and

• control panels. Also tncluded is the closed-circuit cooling tower.

Unfortunately, Niagara was unable to break the overall estimate into tts

component parts, which would allow direct comparison of stmtlar components tn

(a) Bry-A1r, Inc., Sunbury, OH; personalcommunlcatlonwith Mr. Kenneth
Baker. The purchasecosts glven by Bry-A1r, Inc., were sllghtly lower
than the costs glven by the CargoCalre,Inc., dlstrlbutorfor comparable
slzed unlts.
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the basellne system, nmely the atr handlers and coollng tower. The liquid-

desiccant system Installation cost was estimated by comparison to the

Installation costs for the basellne system atr handlers and coollng tower.

The desiccant-system atr handlers (Including the concentrator, whtch ts

stmtlar tn construction to an atr handler) are larger than the conventional

atr handlers, and have more plumbtng and electrical connections. Based on

thts comparison of requirements, Installation of the desiccant system was
assumed to cost twtce as much as Installation of the conventional atr

handlers. Installation of the closed-circuit coollng tower was assumedto

cost the same as for the evaporative coollng tower. Thus, the total Installed

cost of equipment provtded by Ntagara Blower was calculated to be $745,000.

The expected ltfettme was assumedto be 25 years and annual 0_I was assumed to

be 4% of tnttlal capttal, whtch represents a composite of assumptions for

stmtlar equipment tn the basellne system. In addition, TEG 11qutd desiccant

ts consumedat the rate of 200 gal/yr and ts estimated to cost $15/gal.

Otrect Installed cost estimates prepared from n_ttonal average cost data

were adjusted to Long Island conditions based on construction cost tndtces

published by Means (lg91). Indices for New York and Yonkers, the two

locations 11sted that were closest to Long Island were 126.8 and 116.7,

respectively. The construction cost tndex applicable to the USPSproject was

assumed to be 115. Thts factor was not applted to the costs estimated by

Delta Well and Pumpor Ntagara Blower.

In general, an allowance for contingency, sales tax, and general

contractor overhead and proftt must be added to the dtrect Installed cost to

arrtve at the total capttal Investment. The contingency tncluded here allows

for unforeseen costs caused by the Incomplete engineering and scope associated
wtth a preliminary analysts of thts ktnd. General contractor overhead ttems

tnclude temporary construction facilities, fteld engineering, construction

management, and homeofftce expenses. Means (1991) suggests a lO_conttngency

and 20 to 25% allowance for overhead and proftt, Including subcontractor

overhead and proftt. State and local sales tax for Long Island, applicable to
mater|als and equipment only, ts estimated to be about 4% of total Installed

cost. The product of these Individual factors ytelds an overall multiplier of

about 1.4. A reduced multiplier of 1.2 was applted to the well cost data
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provided by Delta Well and Pumpbecausetheir data already contained an

allowance for (subcontractor's) overheadand profit and the scope was clearly

defined, whtch reduces the necessary contingency.

Propanecosts, based on the equivalent Btu input of natural gas and the

late-lgg2 natural gas price for MPF,were taken to be $0.687/therm or

$6.87/Matu(a). Electricity costs were basedon the Long Island L_ghttng Co.

rates applicable to the MPFin 1991. Schedule284 (SC 2-MRPprimary voltage
customers) rates in effect betweenDecember1990 and Novovember1991 are
defined in Table 4.2.

4.2 ECONOMICANALYSIS

The LCCanalysis was conductedaccording to Federal Energy Management
Program (FEMP)procedures established tn Section 10, Part 436 of the Codeof

Federal Regulations (10 CFR436 as revised by P.L. 100-615 1988). Although

the USPSis not obligated to follow the FEMPprocedures, Mr. Bob Paetzold of

the USPSindicated that they generally do for building energy evaluations and

that it would be appropriate to use these procedures for evaluating the MPF's
HVACsystem.

Currently prescribed assumptionsfor fuel cost indices, discount rates,

and present worth factors are documentedby the U.S. Department of Commerce

(DOC) in Lippiatt (1992). Fuel cost indices and corresponding present worth

]J_.[_4._. Electrtc Rate Structure

Off.Peak(a) _(b) Intermediate(C)
Demandcharge, S/kW - 19.05 4.56
Energy charge, S/kWh 0.0657 0.0872 0.0795

(a) "Off-peak" runs from midnight to 7:00 a.m.
(b) "On-peak"runs from 10:00 a.m. to 10:00 p.m., Mondaythrough

Saturday, June ] through September30.
(c) All other hours are "intermediate'.

(a) The naturalgas pricewas reportedby Mr. DominicBrattaof USPS,
Melville, NY. The $0.687/therm is about 12%higher (inflation and Btu
content adjusted) than the $0.56/gal paid for propane purchased by MPF
betweenJune, 1991 andJuly, 1992 as reported by Mr. John Wyder of USPS.
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factors are presented by fuel type, sector (e.g., restdentta',, commercial,

Industrial, t:'ansportatton), and DOCCensus Region. The specific economic

assumptions used in this analysis are listed in Table 4.3. The nominal

discount rate includes expected future inflation, while the real discount rate

excludes expected future inflation. Present worth factors are multiplied by

recurring annual cash flows to calculate an equivalent present value. For

example, an annual O&Hexpenditure of $1 occurring every year for the next 25

years has a present value of $15.62. A present worth factor of 17.03, based

on a nominal price escalation rate of Sl/year (i.e., somewhathigher than the

general initiation rate), was used for electricity at the request of Hr.

Dominic Bratta, USPS. Propane has a higher present worth factor because its

price is expected to escalate at a rate significantly greater than the rate of
inflation.

4.3 KESULTS

Initial capital costs, annual O&Mcosts, and equipment lifetimes are

presented for all components of the baseline, alternate baseline, and AT_S/TEG

systems in Tables 4.4, 4.5, and 4.6. A summary of system-level annual costs

and 25-yr LCCs is presented tn Table 4.T The tabulated costs show the

ATES/TEGsystem to be significantly more ex_enslve to owr1and operate than

either the baseltne or alternate baseltne systems. Intcial capttal and annual

:T_B_J._. LCCAnalysis Parameters

Nominal discount rate 7.9%

Real discount rate 4.0%

Economic 11fe 25 yr

Reference price year 1992

25-yr present worth factors
at 4)&discount rate

Capital 15.62

O&H 15.62

Electricity 17.03

Propane(a) 20.21

_-) Based on the escalation rate for natural gas.
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I_.l.f_. Baseline System ComponentCost Summary

Direct Total Annual
Captta1 Cap)ta1 O&M Li fe,

I;omoonenl; Cost. SK Cost. I;K _ Yr

Centrifugal chiller 175 245 17.3 20

Evaporative cool ing tower 37 52 1.5 25

Propane water heaters 29 41 1.0 25

Cooling tower pumps 17 24 1.0 20

Cooling tower piping 18 26 0.3 25

At r handlers 14] 198 _ 25

Totals (a) 4]8 585 25.4

(a) Sumof individual components may not add to the total because of rounding.

_J.[_.4_. Alternative Baseltne System ComponentCost Summary

Direct Total Annual
Capttal Capttal OaN Life,

Component _ Cost. SK Cost, SK Yr

Centrtfugal chiller 175 245 17.3 20

Evaporative cooling tower 37 52 1.5 25

Propane water heaters 29 41 1.0 25

Cooling tower pumps 17 24 1.0 20

Cooling tower piping 18 26 0.3 25

Air handlers 141 198 4.3 25

HEPA filters 112 156 27.6 25

Desiccant wheel 257 _ ___ 25

Totals(a) 786 1101 63.3

(a) Sumof individual components may not add to the total because of rounding.
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TABLE4.6. ATES/TEGSystem Component Cost Summary

Direct Total Annual
Capital Capttal 0i_t Life,

Comoone,t . Cost. SK Cost. $K Cost. SK Yr

Reciprocating chillers 129 180 16.1 20

Propane water heaters 65 91 2.4 25

Miscellaneous pumps 55 77 3.3 20

Well transmission piping 209 293 4.1 25

Desiccant piping 31 43 0.6 25

Htscellaneous piping 36 50 0.7 25

Return fans 41 58 1.3 25

Desiccant system and 745 1043 Z9.8 25
coolin9 tower wells 246 295 9.6 25

Well pumps 78 94 4.8 20

Wellhead piping 57 68 1.2 20

Liquid desiccant - - _ -

Totals 1692 2292 76.9

(a) Sumof individual cost componentsmay not equal the total because of
rounding.

TABLE4,7. System Annual and Life-Cycle (Present Value) Costs

Alternate
Baseline, Baseline, ATES/TEG,

$K/vr $K/yr $K/vr
Annualized capital 40 73 150

Initial annual O&M 25 63 77

Initial annual electricity 125 147 155

Initial annual propane 4 13 34

$K $K $K
Capital LCC 625 1141 2344

08#t LCC 397 989 1202

Electricity LCC 2131 2508 2634

Propane LCC 90 _ _ "

Total LCC(a) 3243 4905 6865

(a) Sumof individual cost componentsmay not equal the total because of
rounding.
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OEMcosts for the ATES/TEGsystem are three to four times higher than for the

baseltne system. Compared to the alternate baseltne system, tntttal capttal

costs for the ATES/TEGsystem are about double and annual 08#t ts about 20%

higher. In addition, energy consumption and costs are about 50% higher than

for the baseline and about 20% htgher than for the alternate baseline system.

The ATES/TEGsystem offers ltttle, tf any, reduction in the costs of

conventional HVACsystem components, whtle addtng ATES and liquid-desiccant

components whtch, collectively, cost muchmore than the sum of the baseline

system components. From an energy perspective, both electricity and propane

consumption are htgher for the ATES/TEGsystem. The increase tn electricity

consumption ts primarily caused by the Increased fan power required to

circulate a greater volume of atr through the butlding ducttng. Increased

propane consumption ts caused by operation of the liquid-desiccant

concentrator.
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5.0 LIOUID-DESICCANTSYSTEMOPERATIONALASSESSMENT

The objectives of the operational assessment of the desiccant system

were to characterize the performance of the system, identify operating

anomalies, and provide recommendations (where possible) for improving and

maintaining the system. Section 5.1 describes a performance prediction model

that was developed for analyzing the liquid-desiccant conditioners. This task

included on-site monitoring and analysis of other collected operational data

(both logs and anecdotal data) on the liquid-desiccant system. Sections 5.2

and 5.3 discuss the short- and long-term concentrator monitoring tasks.

Section 5.4 presents conclusions and recommendations.

5.1 MANUFACTURER-BASEDPERFORMANCEMODEL

The operating capacities of the liquid-desiccant system concentrator and

conditioners are complex functions of entering air humidity, air flow rate,

spray coil temperatures and flow, and desiccant concentration. To help

characterize these functional relationships, an objective of this assessment

was to develop component computer models based on Niagara Blowers's published
selection data.

Niagara's selection data for conditioners, in conjunction with TEG

property data found in the literature, provide a basis for the stmple model

described in Section 5.1.1. Application of this model to evaluate the

performance of workroom conditioners at the MPF is discussed in Section 5.1.2.

For the liquid-desiccant concentrator, the data were quite ltmtted,

consisting of a rating table with a stngle operating point ltsted for each

concentrator in the Niagara Blower product ltne. lt was hoped that Niagara

Blower could provide some new test data on a concentrator currently being

tested at their laboratory; however, new test data were unavailable at the

time of this writing. Thus, no "manufacturer's performance data" based

concentrator performance model was developed. A fixed capacity assumption was

used instead in the Section 3 assessment. In-situ concentrator test results,

reported later in this section, suggest that a stmple humidity rise model,

based on saturated leaving air; provides a reasonable estimate of capacity.
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5.1.1 Hodel DeveloDment

The conditioner perfomance model requtres the following as tnputs:

• conditioner model number

• supply atr flow (cfm)

• TEGconcentration

• tnlet atr dry bulb temperature and relattve humtdity

• desiccant mass flow rate to the conditioner

• entertng water temperature and flow rate

• fan power.

The model tterattvely balances the atr-stde heat and mass transfer wtth

the water-side heat transfer by ftndtng the "spray contact temperature", the

effective outstde surface temperature of the atr cooltng cotl on whtch the

11qutd desiccant ts sprayed and through whtch the chtlled water passes. The

Ntagara Blower rattngs assume a stngle spray contact temperature ts applicable

over the enttre cotl surface, reductng the heat and mass transfer algorithm to

(effectively) a one-dimensional numerical problem wtth a stngle computational
cell.

The solution procedure used tn the model ts as follows. An tntt|al

"guess" ts made as to the spray contact temperature. Using thts spray contact

temperature, Interpolations are made ustng Niagara Blower curve-fit data for

the appropriate TEG concentration to determine extt air humidity ratio and dry

bulb temperature, from whtch the net cooling capactty is calculated. The heat

of solutton and circulation heat of the 11qutd desiccant ts then added. Thts

total atr-stde capactty ts used to esttmate the extttng water temperature on

the water side. Next, the conditioner's basic rattng, corrected for atr and

water flow rate, ts computed ustng Ntagara Slower tabular and graphtc data.

Thts bastc rattng |s multiplied by the water-side mean ex|t temperature

difference--calculated ustng the water-side temperature rtse and spray contact

temperature--to get conditioner "expected" capacity. If thts expected

capactty does not equal the previously calculated atr-stde capacity, the spray
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contact temperature is updated using a secant scheme,and the process is

repeated unttl convergenceis reached.
..

Psychrometric properties of air that are required for the algorithm

include enthalpy and humtdityratto. Relations for these calculations are

taken from the ASHRAEFundamentals(1989). The integral heat of solution of

TEGand its specific heat are also neededto determine the desiccant

contribution to the total conditioner cooling load. These are calculated from

property curves for TEG(Pengand Howell 1981).

Outputs from the conditioner performancemodel include:

• total cooling capacity andwater removal rate

• exit air dry bulb and humidity ratio (fan heat added)

• exit water temperature

• spray contact temperature.

5.1.2 _onditioner PerformanceAnalysis

As reported earlter (Section 3.1.3), large differences were found

between the workroomzone peak loads predicted by the DOE-2Loadsprogram and

those used in ortgtnal design calculations. The most significant difference

between the DOE-2and original design loads was a generally lower peak total

cooling load for th_ units, but a muchhigher than expected latent load caused
by high infiltration and ventilation rates. Becauseof this difference, the

conditioner performancemodel was used to verify that'zone conditioners could

meet the higher latent loads whtle sttll maintaining space temperatures.

The performance of two conditioner units was studied: AC-8 and AC-9.

AC-8 was selected because it is closest to its design load, yet sttll predicts

the load trends observed for the majortty of units. AC-9 raised someconcern

because, unltke all other conditioners, predicted DOE-2cooltng loads for this

zone exceededthe numbersreported in the ortgtnal design calculations.

- This unit was originally designed for a maximumcooltng capacity

of 59.6 tons and 77.4 1b/ht moisture removal (see Table 3.1) but, according to

the DOE-2simulation, experiences a peak cooling capacity of approximately 36

tons and 133.7 1Whr moisture removal. Using 1) the design chtlled water flow
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rate of 178.9 gpm, 2) 50°F entering chilled water temperature, 3) the design

atr flow rate of 27,400 cfm (high fan speed), and 4) the DOE-2 design outside

atr conditions (84oF dry bulb, 76°F wet bulb(a)), the conditioner model

predicted that AC-8 would overcool the zone from the design tndoor conditions

(78oF dry bulb and 451; RH) to 67.9°F dry bulb at 40@;RH, tf 80_ TEG solution

ts used. Because of thts excess capacity, the model was again run at

Identical conditions at 19,100 cfm (mediumfan speed). At thts reduced atr

flow, AC-8 was predicted to sttll cool the space to 72.1oF dry bulb at 39_ RH.

Additional calculations were then performed to see what minimal water

conditions could stt11 matntatn the workroom design summertemperature and

humidity. Results of these calculations are summarized tn Table 5.1.

-Thts untt was originally designed for a maximumcooltng load of

32 tons cooling and 38.7 1b/ht moisture removal. All the other conditioners

were found by the DOE-2 Loads model to be adequately sized for their peak

workroom loads, but the peak cooling load for the zone served by AC-9 was

found to be considerably larger than tn the design calculations (44.9 tons and

155 lb/hr moisture). Although this Initially caused concern, examination of

the simulated hourly zone conditions on the peak cooling day showed that at

the destgn water temperature of 50°F and flow of 76.5 gpm, the space could be

maintained at 76.6°F and 38@;RH wtth an 80_ TEG solution. Space design

temperature and humidity can tn fact be maintained wtth the design incoming

water flow of 76.5 gpm at 51.5oF. By increasing the chilled water flow to 95

gpm, a 54°F chtlled water temperature suffices to maintain space conditions.

_J,L.___. summary of Conditioner Performance Hodel
Results for Conditioner AC-8 (80%TEG)

Chtlled Water Exttlna Alr Conditions
Fan SoQed Flow. QDm Temoerature, °F Dry Bulb. oF RH. %

Hedlum 130.0 55.0 78.0 36%

Htgh 150.0 54.0 72.0 40_

Hedtum 178.9 54.0 76.0 38_

(a) These are the outdoor conditions at the ttme of the peak cool tng load
determined by the DOE-2 Loads simulation; see Section 3.1.3.
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The foregoing load andcapacity assessmentresults for AC-8, and even

the worst case untt, Ac-g, tndtcate that the conditioners have more than

adequate capacity to handle existing cooling loads in the workroom. This is
confirmed by historical anecdotal evidence, and also the DOE-2Loads

simulation, both of which indicate that the ltmtttng factor tn the liquid-
desiccant system is an undersized concentrator. Although the conditioner

• performance model is basedonly on manufacturer-supplied selection tables and
curves rather than measuredperformanceof the installed units, the results

are sufficiently credtble to mottvate the following preliminary
recommendationsfor improving energy performance:

• Reduceair flow rates by reducing the supply and return fan speedsat
units AC-3 through AC-8 to better matchactual cooltng loads. This
should significantly reduce fan energy consumption,which is predicted
to be the largest electrical energy use in the ATES/TEGsystem. As a
very conservative estimate, a 10%reduction in speed can be made. This
will reduce fan po_er by more than 25%and annual fan energy consumption
on the order of 150,000 kwh. Further savings can be achieved by
replacing motors with premium-efficiency motors, replacing blowers (or
Impellers only) with high efficiency units, replacing existing fan speed
control with variable-speed drives and providing closed-loop room
temperature/humidity control. Additional study of the individual units
andworkroomoperation schedule is neededto assess the true potential
for motor down-sizing and fan speedreduction; the total cost-effective
energy savings are likely to be far greater than the conservative
estimates given above.

• Changethe design supply chtlled water temperature from 50.F to
540F{ai. Basedon the chi1] recovery predicted using the ATESSSmodel
of the Melvtlle aqutfer, this could reduce the need for mechanical
refrigeration by as muchas two-thirds. Including water pumpenergy,
this translates to approximately 75,000 kwhannual savings.

• Use TEGconcentrations of 80%to supply the conditioners instead of the
85%concentration that has been used historically at the Mid-Island MPF.
This will reduce the heat-of-solution loads and the concentrator hot and
reflux water requirements while still maintaining a workroomrelative
humidity of 40%at design conditions.

(a) This increase to 54=F can probably also be accompaniedby a decreased
design f]ow rate to several of the conditioners; however, the model
indicates water flow to AC-9 should be increased to 95 gpm.
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5.2 CONCENTRATORISOLATIONTEST

Afteld test of the concentrator was undertaken because of a general

perception that the concentrator's capactty was Inadequate and because the

performance data provtded by X|agara Blower was very ltmtted. The

concentrator Isolation test procedure and results are discussed tn the next
subsection.

5.2.1 Test Oescrtotto_

In the Isolation test of July 2, 1992, the desiccant solutton

circulation pumps that normally operate continuously were shut down and hand

operated valves tn conditioner supply and return ltnes were closed (Ftgure

5.1). The dtluted desiccant solutton was supplted from a previously ftlled

desiccant storage tank to the concentrator ustng the desiccant feed pump(a).

After passtng through the concentrator, the desiccant solutton was returned,

vta the sump float-level activated return pump, to the return storage tank.
The duratton of the test was ltmtted to the ttme tt takes the desiccant

solutton feed pumpto empty the (Initially) full storage tank. By measuring
tntttal and final desiccant solutton levels and concentrations tn the tanks

and sump, as well as water and atr flows and temperatures, an assessment of

the concentrator performance under a controlled, steady set of operating
conditions was made.

A ClSO data logger was used to monttor key concentrator operating para-

meters during the concentrator Isolation test. Sensor outputs were sampled at

least once every 10 seconds (hard-coded feature of the C180) and 1-mtnute

average values were recorded. To track temperature, sheathed thermocouples

(type T, ANSI spectal ltmtts grade) were Installed on tnlet and outlet water

and desiccant piptng, as well as in the tnlet and outlet of the concentrator

atr stream. The thermocouples were connected to the logger vta differential

thermocouple stgnal conditioner cards. To measure electrtc motor loads,

current transformers were Installed on the power leads of the fan and spray
t

(') The desiccant feed pumpused durtng the Isolation tests ts one of three
pumpsthat can be used, tn normal operation, to feed weak desiccant
solutton to the concentrator. The other two pumpsthat can serve thts
functton are the desiccant "circulation pumps". The circulation pumps
were not operated durtng the Isolation test.
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pumps (combined load), the hot water pumps, the reflux water pumps, the

desiccant feed pump, and the desiccant return pump. The hand-held

refractometer used by USPSstaff to monttor day-to-day operat|on of the

concentrator was used to measure desiccant concentrations durtng the test.

Outstde atr humtdtty (t.e., the supply atr to the concentrator) was measured

ustng a hand-held electronic temperature/humidity meter.

The desiccant feed pumpwas operated manually durtng the test. Start up

of the concentrator was accomplished ustng the extsttng controls by adjusting

the mtntmum concentration setttng on the concentrator control panel to be

above the concentration level measured by the electronic refractometer.

To prevent the hot water cot1 from experiencing a temperature/flow

transient at the start of each test, 1ts pumpwas manually activated to

preheat the hot water cot1 prtor to start up.

To ensure a untfonn destccant concentration tn the supply tank at the

start of each test, the solutton was circulated through the Bumpand supply

tank of the tsolated concentrator subsystem for about 20 mtnutes. Also, the

concentrator was operated tn wtnter modeto avoid the time-delayed start.

The ttme of the test was 11:19 to 11:5g PST. A plot of the temperatures

versus ttme ts shown tn Figure 5.2.

One-ttme measurements of atr and water flows through the concentrator

were needed to complete the Isolation test energy balance. Ustng an on-stte

differential pressure (DP) gauge and previously Installed venturt flowmeters,

a hot water flow rate of 78 gpmwas measured on July 2. The DP gauge was

scaled too high to get a rellable readtng of reflux water flow. The venturt

pressure taps were cleaned out and a second set of measurements was made at

PNL's request by USPSoperations staff and Randy Schmttt of Douglas A. Wtlke

on July 10. The flows were reported to be 100 gpm for the hot water ctrcutt

and 45 gpm for the reflux water. Because the reflux cotl throttling valve

(used to matntatn concentrator atr discharge temperature) ts Inoperative,
6

there should have been no change from the flow rate durtng the test.
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FIGURE5.2. conditions observed in the concentrator Test of July 2, 1992

A hot-wire anemometerwas used to measureair velocities from which the

concentrator air flow rates could be calculated. The velocities were measured

three times at each of 12 uniformly spaced locations over a cross section at

the throat of the discharge nozzle. A 15-secondaveraging tnterval was used

at each location and replication. Taking the product of the average velocity
and the cross-sectional area, the air flow rate at this locatton was

calculated to be approximately 8280 cfm. A secondset of measurementstaken

below (upstream of) the throat 9ave a flow rate of 9200 cfm but this value was

not used becausegreater turbulence and veloctty proftle non-uniformity were
observedat the secondlocation.

5.2.2 Isolation Test Results

Average temperatures for the July 2 concentrator isolation test are

shownin Table 5.2, along with fan motor and water pumpinput power levels and
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:Tt_I___._. Concentrator Test Data Used for Analysis

Parameter _ Value

Inlet hot water (°F) 160.8

Outlet hot water (°F) 124.0

Hot water flow (gpm) 77.8

Inlet reflux water (°F) 66.0

Outlet reflux water (°F) 87.0

Reflux water flow (gpm) 45.0

Inlet air dry bulb (°F) 72.0

Inlet air wet bulb (°F) 58.0

Outlet air dry bulb (°F) 82.0

Outlet air wet bulb (°F) 82.0

Air flow (cfm) ' 8283

Inlet solution (°F) 78.0

Outlet solution (°F) 90.0

Solution supply flow (gpm) 16.8

Average return flow (gpm) 14.2

Fan power (kW) 1.6

Total power (fan + pumps, kW) 9.0

Initial Final

Time (PST): 11:19 11:59
Concentrations:

Tank ! (%) 82 82

Tank 2 (%) 82 85.6

Sump(%) 82 86
Desiccant level s:

Tank 1 (in. from bottom) 71.6 16.0

Tank 2 (in. from top) 83.8 36.9

Sump(in. from top) 4.75 3.15
Cross-sectional areas:

Tanks 1 and 2 (ft 2) 19.6

Concentrator sump (ft 2) 57.0
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air,desiccantsolution,and waterflowrates. Also summarizedare measured

TEG solutionlevelsand concentrationsbeforeand afterthe test. Data in

this tablewere usedto estimateconcentratorperformance.

Becausefeedpump operationis continuous,desiccantflowto the concen-

tratorwas essentiallyconstantduringthe test. The changein tank level

impliesa 16.8gpm feed rate. This is lessthan the pumpratingof 24 gpm

becausepartof the flow bypassesthe concentratorand goes throughthe

electronicrefractometerand back to tank I. Returnflow fromthe

concentratoris cycledby the sumpfloatswitch. The returnflowrate

averaged14.2gpm duringthe test. The differencebetweensupplyand return

flowsis the resultof evaporationof waterand the higherfinalsump level.
4

The net decreasein the volumeof the solutionwas foundto be 50 gal

duringthe test. Assumingthe decreaseis causedby evaporation,the mass of

waterrejectedwas 415 II)m,or 615 Ibm/h.(a) As an independentcheck,the

waterevaporationratewas estimatedbasedon air-sideentering/exiting

conditionsand measuredflowrate. The air-sidecalculationmethodindicates

a waterevaporationrate of 613 Ibm/h. The closenessof the volume-basedand

air-side-basedresults(0.3%)shouldnot, however,be takenas an indicatorof
(b)g theiraccuracy.

Usingthe data in Table5.2and treatingthe concentratoras a control

volumegivesa heatenergybalanceerrorof about8% of the energysuppliedto

the hot coil. Most of the heatbalanceerroris probablycausedby hot water

flow ratemeasurementerror. A summaryof the computedthermalenergyinputs
I

and outputsusedfor this calculationis givenin Table5.3.

(a) UsingmeasuredTEG concentrationsand the 50-galvolt,cechangeindicates
about17%of the losses(byweight}were TEG, and a waterevaporation
rate of 424 Ibm/hinsteadof 615 Ibm/h. Such highTEG lossesare
inconsistentwith the TEG loss rateobservedin long-termmonitoring.
Rather,the high impliedTEG loss is causedby the hand-held
refractometerresolutionand repeatabilityerror.

(b) Basedon uncertaintiesin the individualmeasurementsand assumptions,
the volume-basedresultis probably_ 3% number,the air-sideresultis
probablya 6% number,and the refractometer-basedresultis probablya
15%number.
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_. Heat EnergyBalanceof July 2 ConcentratorTest

_EnerqvInout/Outout Descrtotion Averaqe Rate. Bt&lh

Air 762,485

: TEGheat of solution 29,279

- TEGsensible heat 52,244
Reflux water 473,000

: Hot water (energy input) -1.433.037

Heat balance error (sum) -117,376

Error divided by energy input 8%

COPis defined as latent heat of rejected water vapor divided by total

energy required to operate the concentrator. The fan and pumppower,

expressed as heat energy, amountedto 0.02 HBtu during the test. Assuminga

boiler efficiency of 70%gives an estimated boiler heat input of 1.38 HBtu._

The resulting estimate of site energy input during the test is 1.4 HBtu(a).

The water evaporation rate of 613 lbm/h translates to a latent load of

0.6 HBtuh, or 0.41HBtu over the test period. The concentrator COP,based on

site energy input, was therefore about 0.3 during the isolation test. This

COPis in reasonable agreementwith the rated COPof 0.26 and can be expected
to drop somewhatif concentrator air flow rate is increased. However, tt is

only about half the system COPtypical of current off-the-shelf natural-gas-
: poweredequipment. The short-tem test also indicated that concentrator fan

and pumpenergy requirements are a small fraction of the concentrator's

thermal energy requirement and that the unit is in good operating condition.

(a) Note that energy to cool the reflux water was not included because the-

source of reflux water is the well water after lt has passedthrough the
conditioner coils. While this schememight seemto offer a free source
of cooling, there is, in fact, a small incremental cost that would
accrue in the winter seasonwhenthe cooling tower is operated to
thermally recharge the aquifer.
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5.3 LONG-TERMCONCENTRATORMONITORING

The isolation test of July 2 provided data on concentrator performance

under just one set of conditions. It did not provide information on the

overall latent load of the building and did not answer questions about the

need for greater concentrator capacity.

]n the process of instrumenting the concentrator for the isolation test,

• transducers and cabling were installed in a manner that would not impede

normal operation and maintenance of the desiccant system and tt was learned

• that a rarely used phone line was available for remote logger communications.

Wewere also successful in enlisting the cooperation of the operators in

taking more detailed and frequent (4 hr versus 8 ht) logs than had been

customary, lt was, therefore, decided to continue monitoring the system, via

a combination of automatic and manual logging, for at least 1 month.

The purposes of the long-term test were to confirm that performance

observed in the isolation test was representative and to learn more about

concentrator capacity and building latent load, variation of performance with

conditions, and the magnitudes of some of the parasitic energy components that

might lead to overall efficiency improvements. It was recognized that these

objectives might not be achieved, given the relatively crude instruments

involved (e.g., hand-held refractometer) and reliance on manual logging. We

proceeded because the incremental cost to the project was very low.

5.3.] Lona-Term Monitorinq Procedure

The concentrator was monitored from July 6 to October 20, 1992. The

C180 data logger continued to monitor the variables observed during the short-

term tests but the recording interval was increased from 1 minute to 15

minutes for the long-termmonitoring period. The recording interval for

variables that were monitored by hand was increased to 4 hr and the recording

task was taken over by the operations staff. The flow of desiccant through

the concentrator could not be measured in the long-term test by the tank

transfer method that was devised for the short-term test. Instead, flow

through the concentrator during the long-term test was inferred from return

pumprun time. The air-side flow rate measured in the short-term test was

assumed to continue to be valid throughout the long-term monitoring period.
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5.3.2 Observations

The conditions and perfomance of the units varied during the test

period from July 6 through September19, and are shownin the figures in this

section. Data for September13-t5 was lost because of a data logger failure.

5.3.2.1 Parasitic Eneray

Figure 5.3 showsdatly average duty fraction (fraction of each day that

the unit operated) and average motor power, during concentrator operation, for

each fan and pumpfunction. In somecases there are two pumpsthat serve a
given function. In the case of the spray pumps,the motors operate together

and the power is very constant. In the case of the hot water pumps, there is

a lead-lag arrangementdesigned such that one pumpprovides the desired hot

water flow while the other serves as a backuppump.

The motors most closely associated with the concentrator are those that

drive the concentrator fan and spray pumps. The average power consumption

from July 6 to August 17 was 7.75±0.15 kW. This is consistent wtth the

Isolation test data. The feed pumppower ts also included in the fan and

spray pumppower history, but the feed pumpwas not operated prior to August

18. The increase in power after that date is not a constant; the reason for

its variation is not clear but is probably causedby head variation. A

similarbehaviormay be notedin the circulationpumptrajectory.We

postulatethatthe circulationhead increasedwhen a valvewas closed,which

allowedsomeof the outputfromthe circulationpumpsto branchto the

concentratorat the timethat the feedpumpwas broughton-line. The

circulation,feed,and returnpumpsare allpositive-displacementpumps,which

makestheirpowerdraw almostdirectlyproportionalto head.

The refluxand desiccantreturnpumppowertrajectoriesare fairly

constantand consistentwith the isolationtestresults. Note,however,that

the returnpumpvaluesare slightlylowerafterAugust17, indicatingthat the

desiccantflow intothe concentratorprovidedby the new feedpump is slightly

lowerthan thatprovidedby the circulationpumps. Becauseconcentrator

capacityis air-flowlimitedratherthandesiccant-flowlimited,the

motivationfor a separatefeedpumpthat providessucha smallincreaseIn

desiccantflow rateis unclear.
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FIGURE5,_. Average Motor Loads with Concentrator On

The concentrator duty fraction history, also shown in Figure 5.3,

indicates that the machine is fully loaded (or overloaded) on nearly one-half

of the days and that the average duty fraction for the entire monitoring

period is about 0.75. The log of TEG concentration indicates extended periods

of diluted solution, below refracto_ter setpotnts, suggesting that the

concentrator is not _eting the load. One Bust, therefore, conclude that the

unit is either not operating at design capacity or is not adequately sized for

the dehumidification loads that are currently experienced during the cooling
season.

Table 5.4provides a sumaw ofmotorloads. The tablegtvesmore

detail than Figure 5.3 by listing the return and feed pump loads separately

from the fan and spray pumps. Examination of the raw data shows that of the

7.04-kW load attributed to the fan and spray pumps, about 2.5 kW is for the

fan and 4.5 kWis for the pumps (2.25 kWper pump).
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_5.4. Average Rotor Loads Observed tn Long-Term Test

Average kW Electrical Enerav
7/7-8/19, 8/31-9/13, Concentrator On, All Times,

kW . kW.... kWh(b) kWh(c)

Fan and spray 7.04 8.21 8,989 9,109

Return pump 0.67 0.58 780 789

Circulation (a) 5.77 7.23 7,224 14,705

Reflux water 0.87 0.87 1,054 1,364

Hot water 1.85 2.09 2,338 2,349

Total 16.20 18.98 20,385 28,316 '

(a) extrapolated from kwh measured in 7/23 through 9/13 period
(b) for periods of concentrator operation only
(c) includes periods when pump is running but concentrator is not

5.3.2.2 Process Summary

Figure 5.4 shows the daily temperatures of the fluid streams entering

and leaving the concentrator, averaged over the period(s) of concentrator

operation. The hot water supply and reflux water supply temperature are

fairly constant but hot water supply temperature is a little lower, on the

average, after August 3. The reflux water return and exit air temperatures

track one another and are fairly constant because the reflux supply (well)

water temperature is very constant; this is significant to the capacity model

developed later. The desiccant supply and return temperatures (shown tn

Figure 5.5 for clarity) also track one another. These behaviors are expected

from the concentrator design and system control strategy. The relationships

amongthe temperatures plotted tn Figure 5.4 are consistent wtth the
concentrator behavior observed in the isolation test.

Figure 5.5 shows inlet-outlet temperature differences for the concen-

trator fluid streams. The hot water supply to hot water return temperature

difference is fairly constant at about 40oF through August 3. Aftor August 4,

the temperature difference averages about 20oF and varies less from day to

day. The magnitude of the reflux water temperature difference, on the other

hand, ts larger after August 4. These effects result from the hot water

supply flow rate being approximately doubled on August 4. The increase in
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flow rateresultsin increasedheatingof the enteringdesiccantand entering

air, bothof whichcontactthe hot watercoil in the spraysectionof the

concentrator.This in turn imposesa higherloadon the refluxcoil and also

raisesthe temperatureof the exitingdesiccantsolution. Fromthe changein

load and hot watersupply-returntemperaturedifference,it is apparentthat

the flowrate increasedby a factorof 2.6 fromabout78 gpm to about204 gpm.

Usingthe water-sidetemperaturedifferences,hot waterflow rate,and

propaneuse reportedduringthe monitoringperiod,an estimateof in-service

boilerefficiencycan be developed.Reportedpropaneuse was 31,365gal from
6

July 2 throughSeptember15. Temperaturedata spansJuly 6 to September15,

and the concentratoroperated1220hr over thisperiod, lt operated1317 hr

over the July 2 to September15 period. Scalingpropaneuse for the shorter

time periodresultsin an estimatedpropaneinputof 2673MBtu betweenJuly 6

and September15.

The concentratoroperated595 hr at the lowerhot waterflowrate with

an averagetemperaturedifferenceof about40oF and 625 hr at the higherflow

ratewith an averagetemperaturedifferenceof 18.4oF. Thesenumbersimplya

net boileroutputof 2058.6MBtu and an efficiencyof 77%. This estimate

seemshigh consideringthatthe boilersareold and that the 2673 MBtu input

includesfuel usedduringstandbyoperation.A typicalin-serviceefficiency

for this type of boileris about70%. It is reasonableto conclude,basedon

the boilerefficiencydiscrepancyand the heat-balanceerrordevelopedin

Table5.3, thatthe hot waterflowratesreferredto in Section5.2.1are 10%

high. This erroris quiteplausiblegiventhe waterflow ratemeasurement
conditions.

5.3.2.3 If, ra_.LQ,s._

Table 5.5 summarizesthe operator log entries pertaining to additions,
losses, and transfers of the desiccant solution. Incidents of desiccant

overflowing a conditioner sumpwere noted in the operators' log on several
occasions, but these notes also indicated that most of the solution was

recovered and returned to the system. Thus, there are no entries in the

"Lost" column. Entries in the "Returned" columnrefer to desiccant solution
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TABLE5.5. Summaryof Desiccant Solutton Transfers by Plant Operators

Returned, Added, Lost, Tank Level,
_ ga1 _ Qal tn.

7/3 55

7/11 16

7/15 50

7/17 12

7/z8 46
7/20 55

7/23

7/27

7/3] 80 25.5

8/7 55

e/11 z5
8/14 15

e/z5 35
8/z7
8/18 5 165

e/zo 70

e/zz 55
8/27 24

9/9 1]0

having overflowed a conditioner sumpinto a catch drum; the level in a catch
drum ts only recorded whentts accumulatedoverflow ts returned to one of the

matn tanks adjacent to the concentrator. The matn tanks initially contained

515 gal at 85%concentration or 438 gal pure TEG. The final volumewas 1105

gal at 71%concentration or 784 9al pure TEG. Thts implies an increase that

exceeds the amountof pure TEG(165 gal) addedto the system. However, the
initial and final TEGvolumesand concentrations in the conditioners and

overflow sumpsare unknown,so the net TEGloss during the monitoring period
could actually have been as large as 165 gal of newTEGadded. Wehave used

thts numberbecause tt is the best available, albeit probably conservative,

estimate of TEGloss. Basedon the atr-stde humidity rise method(see Section
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5.3.3.1), the amountof water removedby the system betweenJuly 6 and

September12 was 500,000 lb. The upper-limit estimate of TEGloss is,
therefore, about 0.3% of the moisture removedor about 1.5 times the 0.2%

rule-of-thumb used by Niagara Blower.

5.3.3 Analysts and Hodeltnq from Lona-TermObservations

The object|yes of our analysts were to obtatn, t6 possible, empirical

modelsof concentrator performanceand butldtng latent load.

5.3.3.1 Concentrator Performance

Three methodsof measuringwater rejection rate were presented tn the

isolation test analysis section. The change-in-volumemethodand air-side

humidtty rise methodgave virtually the sameresult. The change-In-

concentration methodgave a numberabout 30%lower. Oneproblemwith the

change-In-concentration numberts that the change is small (3% to 4%

concentration) and the hand-held refractometer used to measureconcentration

is graduated in whole degrees. (1 degree refractive index corresponds to
about 1.2% concentration change.) The concentration measurement,therefore,

has an inherent uncertainty of±0.6% concentration (about 15%of the change in

concentration of interest) from the Instrument resolution alone. Other error
sources tnclude contamination of the sample, error tn measuredsolution flow

through the concentrator, and inhomogenettytn the sampledsolution,

particularly systematic inhomogenetttesat the supply and discharge sampling
locations.

The change-In-volumemethodused for the short-term tests could not be

used in the long-termmonttortng tests becausett relied on the storage tanks

to provide separate supply and discharge reservoirs where levels could be
measuredat various times.

The air-side humidity rise methoduses the product of dry atr massflow

rate and changetn absolute humtdity (Wextttng-Wentertng)to estimate the
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concentrator's water rejection rate. (') The humidity of the entering atr

was basedon ambient temperature and relattve humidity logged by the facility

energy managementcontrol system (EMCS)and the extt air temperature monitored

by the PNLdata logger. The extttng air was presumedto be saturated and free

of entrained water or desiccant solutton droplets.

Figure 5.6 showsthe relation betweendesiccant concentration measured
at the concentrator inlet weir box and sumpoutlet pan. A roughly 3%average

concentration rise is clearly evident but the scatter in the data makesany

analysis basedon Individual data points risky. Figure 5.7 showsthe relation

between the changein concentration and the humidity rise. The clustering of

data points on incremental concentration differences in this figure is a

result of limited resolution of the refractometer used by site personnel to

measure the entering and leaving solution concentrations. The lack of

correlation is consistent with the scatter seen tn Ftgure 5.6. Figure 5.7

does seemto indicate that no significant increase in concentrator capacity

occurred after the increase in supply flow rate on August4. This implies
that concentrator capacity is air flow or reflux water temperature limited and

that the addition of more heat is a waste of propane. Beyondthis, tt is

difficult to conclude anything except that the change-in-concentration data,

while generally consistent with the isolation test results, contains too much

randomand round-off induced variation to serve as the basis for an empirical

capacity model or even to qualitatively verify such a model.

5.3.3.2 Buildinq Latent LoadHo_el

The humidity rise modelof concentrator capacity is the best model

available from physical principles alone. Wecan tentatively accept the

humidity rise model on the strength of its confirmation, for a single

(a) Humidityhas been convertedfrom relativehumidity(whichtypicallyhas
a strongdiurnalcomponentthatvariesinverselywithdry bulb
temperature)to absolutehumidity(theratioof waterto dry air mass,
whichhas a much smallerdiurnalvariation).Relativehumloityis a
bettermeasureof outdoorcomfortthan absolutehumidity,but the two
are equallygood measuresof indoorcomfortwhen indoortemperatureis
constant. Absolutehumidityis a bettermeasureof the latentload
producedby outsideair infiltration.
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operating point, obtained tn the Isolation test. Thts provides a basis for

the development of an emptrtca] butldtng latent load mode] from the ]Jmtted

data obtained tn the long-term monitoring.

Ftgure 5.8 shows the rel.atton between capacity, as inferred from

humidity rtse and duty fraction product, and ambient humidity. Each point ts

based on the outside temperature and relattve humidity, the datly average

exiting atr temperature, and the duty fraction for the 4-ht period ending at

the ttme of the ]og entry. Whenconsecutive periods of duty fraction = 0 or

duty fraction = 1 were encountered, only the first and ]ast points were

retained. Thts rejection oF selected potnts ts necessary because there ts no

meaningful re]atton between duty fraction and outdoor humidity when the ]atent

load ts low (duty fraction = 0 because no dehumidification required); ]tkewtse

there Js no meantngfu] relatton when the latent load exceeds the system's

capacity (duty fraction = 1 because the system can't keep up).
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FIGURE5.8. Combined Concentrator and Latent Load Model Based on
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A straight ltne fit to the data by ordinary least squares regression

exhibits the expected slope (increasing capacity with increasing ambient

humidity) and intercept (duty fraction - 0 at a humidity ratio of w - 0.07

wherew - 0.07 correspondsto 40_ relative humidity at 74oF). While there is

considerable scatter around the line, this initial result was sufficiently

promising to Justify further mode]exploration.

Figure 5.9 showsthe relation betweencapacity (humidity rise method)

and the convolution of ambient humidity and a distributed-lag response factor

vector obtained by linear regression. The best-fit ltne has a regression

coefficient of r 2 - 0.6. The equation for this line is:

DFt*(W_T - wt) - -0.01691 + 3.40

where DFt - duty fraction at current ttme, t,

wt - outside ambtent (and entering) air humidity ratio at time, t,

W_T- humidity rat|o of saturated air basedon the leaving air
temperature at current time, t,

and _ - 0.146wt + 0.593wt_4 - O.075wt_a + 0.336wt.12
where wt.4 - ambient air humidity ratio 4 hours earlier,

wt.e -ambtent air humidity ratio 8 hours earlter, and

wt.12 -ambtent atr humidity ratio 12 hours earlter.

Note that _ is a movtngaverage humidity in which the moving average weights

have been determined by ordinary least squares.

The concentrator's capacity in lbm/hr of water removed, based on the

humidity rtse model and concentrator air flow measuredat the ttme of the

, Isolation test, is 36,750 lbm/hr * DF * (W_T - W). The 36,750 factor and the
• slope of the regression 11ne tmply an average ventilation and Infiltration

rate of about 125,000 lbm/hr or 28,000 cfm. Thts corresponds to 0.5 air

changesper hour tn the spacesserved by the conditioners. Thts compares
reasonably well with the estimated atr-change rate of 20,600 cfm used for the

DOE-2model (Sectton 3.1) that was basedon a balance of supply and exhaust
fan design air flow capacities.
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5.3.4 Lono-Tem MonitorinQ Summ_ry

The concentrator's performance during the long-term test was consistent
with the performance observed in the short isolation test in terms of

parasitic power, thermal power, capacity, and COP. The TEGloss observed

during the long-term test wasnot excessive--less than 0.3); of rejected liquid

water volume. A building dehumidification load and capacity model was

developed empirically. The infiltration rates implied by the model are

consistent with the ventilation and infiltration rates developed from audit

and facility managementinformation about work force activity, mail processing
equipment, and HVACsystem operation summarizedin Section 3.1. The model

also confirmed the humidity rise model of concentrator capacity post.ulated in

Section 5.2. There was no observedevidence that the dehumidifying capacity

of the system is limited by conditioner capacity. The system capacity appears

to be primarily or entirely controlled by the concentrator's capacity.
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5.4 SUMMARYOF LIOUID-DESICCANTSYSTEHASSESSHENTANDRECOMMENDATIONS

Results and recommendations pertaining to parasitic losses in the• .

conditioners, concentrator and circulation system are described in Section

5.4.1. Results and recommendations pertaining to the thermal performance of
the concentrator are summarized in Section 5.4.2.

5.4.] Parasitic Losses

There are a number of opportunities for reducing parasitic losses. Two-

speed or variable-speed pumpswill reduce the annual energy use by the concen-

trator spray pumpsand the reflux and hot water pumps from ]0,500 kWhto less

than 5,000 kWh. Two-speed or variable-speed circulation pumpswould have

reduced the circulation energy from 14,700 kwh to less than 6,000 kWh.

Installing a larger fan motor to move 50_more air and making tta two-speed

or variable-speed motor would increase fan energy from 3000 to 6000 kWh. This

would boost concentrator capacity at the expense of a modest increase in

overall parasitic power. If the moisture loads can be reduced to the point

where the existing concentrator's capacity is sufficient, the two-speed or

variable-speed fan motor retrofit would reduce concentrator fan energy from
3000 to less than 1500 kwh.

An efficient and low-cost approach to the two-speed retrofit of

circulation, hot water, and reflux pumpsis to simply replace one of the two

lead-lag pumpswith a smaller, high-efficiency pump/premium-efficiency motor

set and retain the replaced unit as a spare.

5.4.2 Concentrator Thermal Performance

The concentrator has a thermal COPof about 0.3, which can probably be

raised to about 0.7 by recovering heat from the concentrator exhaust stream

and avoiding the mixing of desiccant streams of different temperature and

concentration, that occurs in the current system. An additional 20% savings

in propane use may be realized by recovering heat from the boiler flue-gas
streams.

A set of heat exchangers to extract heat upstream of the reflux coil and

add it to the intake air upstream of the hot water coil is the first priority.
It is important to restore the reflux control that maintains constant
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discharge air temperature to realize the potential reductions in well-water

flow and pumpingenergy that are associated with this heat recovery measure.

The secondpriority is to recover heat from the boiler flue gas to

preheat the concentrator tntake atr betweenthe first stage preheat described

above and the extsttng hot water cotl. Thts can be accomplishedby Installing
heat exchangersor by direct injection of the flue gas. There are three

possible heat exchangerschemes:a water or glycol loop that transfers heat

from a heat exchanger in the flue to a heat exchanger in the entering air

stream, a heat wheel, and a flue gas spray that supplies hot water to the

entering air heat exchanger.

Dtrect Injection of the flue gas tnto the entering air stream can be

used if a damper ts provided to stop Injection whenthe absolute ambtent

humtdity ts htgh. This wtll result tn complete flue gas recovery at least

half of the time, and a muchhtgher fractton of the ttme if latent load

reduction and increased concentrator atr flow measuresare implemented,

wtthout sacrificing capactty whentt ts most needed. Dtrect Injection should

be just upstreamof the hot spray cotl.

It ts Important that all heat exchangersused tn the two heat recovery

schemesmentioned abovebe destgned for optimized counterflow operation. Thts

can be accomplishedby ustng multtple heat ptpe systemsor multi-row (at least
four) coils wtth an intermediate heat transfer flutd.

A thtrd opportunity for heat recovery ts enlargement of the extsttng

desiccant recuperator and opttmal control of the desiccant flow. Flow control
wtll be most beneficial tf latent load reduction and Increased concentrator

air flow measuresare Implementedbecausethere wtll then be more partload

hours. Entertng desiccant flow can be controlled by variable-speed

circulation pumpswtth speedproportional to total building latent load.

Return can be controlled with a two-speed pumpcontrolled on sumplevel or by

connecting the extsttng pumptn parallel wtth the variable-speed drive

circulator pumpsand adapting the extsting float control so tt can serve as a

variable-speed drive overrtde that shuts off the return pumpon low sumpand
runs tt at full speedon htgh sump.
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Modification of the concentrator sumpto eliminate mixing of the

solution that falls from the hot spray cotl wtth the solution that falls from

the reflux cotl wtll reduce the entropy lossthat currently occurs when the

two streams are mixed and wtll• also increase the temperature difference that

drives heat recovery tn the recuperator. The desiccant return stream should

be taken from thts new sump. The desiccant supply stream should continue to

flow tnto the old sumpnear the spray pumppickup.

Wtth the increased surface areas and improved counterflow properties tn

the hot coil section of the concentrator, tt should be possible to reduce the

flow of desiccant that wets the cotl surface to equal the desiccant supply

flow plus reflux recovery rate. Thts wtll result in the closest approach to

theoretical COPfor thts (single-stage) type of system but may require a

complete redesign of the hot cotl wetted surface geometry and the subsystem
that distributes the desiccant solution over the coti.
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6.0 t_ONCLUSIONS

The results of the technical and economtcassessmentsshowthe ATES/TEG

systemat MPFto be a relatively costly system to ownand operate.

Performance and cost estimates were developed for three HVACsystems.

The baseltne systemused conventional chtllers and atr handlers and a

conventional wet cooling tower. The alternate baseltne was an extension of

the baseltne systemthat used HEPAftlters and desiccant wheel humtdity

control to provide atr qualtty and humtdity control stmtlar to that provided
by the ATESTEGsystem. Total annual energy consumptionfor the modeled

baseline HVACsystemwaspredicted to be ]]59.4 MWhwith an additional 6850

ga1 of propane for heattng. The alternate basellne systemconsumed]375 MWh

tn electrical energy, 6850 9al of propane for heattng, and 20,249 ga1 of

propane for desiccant-wheel regeneration. By comparison, the predicted annual

energy consumptionfor the ATES/TEGsystemts ]545 HWh,wtth 5],9]8 ga1 of
propaneused for liquid-desiccant regeneration.

However, the cost to operate the ATES/TEGsystem is not excess'lye

relative to other buildings of tts vintage. The HVACenergy consumptionper

square foot of conditioned floor area was predicted to be ]7,700 Btu/ft 2 for

the baseline, 30,400 Btu/ft 2 for the alternate baseline, and 45,000 _tu/ft z

for the ATES/TEGsystem. The USPSdestgn goal for the factltty tn ]_82 was to

reduce energy consumptionbelow 88,000 Btu/ft 2.

The higher electrical energy consumptionts primarily causedby higher
supply air flow rates for the ATES/TEGsystemrelative to the baseline. Note

that whtle USPSconcernsfor control of dust madethe Inherently high air

circulation rates and atr washing of the ATES/TEGsystemattractive, the high

air circulation rate was not used in the conventional HVACtechnology cases
because tt is relatively uncommon.

Parasitic pumptn9energy requtred to operate the ATESsystema_ ltqutd-
. desiccant subsystemsis the secondhighest contributor to the annual

electrical load. Mechanical refrigeration requirements of the ATES/TEGsystem
were reduced by more than two-thirds comparedto the baseltne but thts was not

nearly enoughto compensatefor the increased fan and pumpenergy. It appears
that the parasitic energy use could be greatly reduced by careful adjustment

87



and balancing of the systemand application of variable-speed drives and

improvedcontrol. The unique nature of the systempresents a dilemmabecause,

while proper design of the control systemwill require extensive simulation,

there are no existing building simulation programsthat can simulate the

systemwithout extensive software developmentor modification.

Initial capital andOH costs are approximately four times higher for
the ATES/TEGsystemthan for the baseline. The alternate baseline system has

about one-half the initial capital cost and slightly less O&Mcosts than the
ATES/TEGsystem. The ATES/TEGsystemoffers little, if any, reduction in the

costs of conventional HVACsystemcomponents,while adding ATESand liquid-

desiccant systemcosts that individually are each more expensive than the sum

of the baseline systemcomponents. Note, however, that the MPFis not an

ideal case study becauseconstruction costs are generally higher for

governmentprojects. This could bias the life-cycle cost results to favor the
lowerfirstcostalternatives.

Becauseof the significantfractionof life-cyclecostsattributedto

the ATES and liquid-desiccantelements,they are cleartargetsfor cost

reductionto improvethe competitivenessof the concept.

The results of the technical assessmentsuggest several operational

modifications that could be madeto improvesite energy performance at
relatively low cost. These include:

• Control infiltration loads causedby shrink-wrap machinesand other
exhaust fans, and keep the platform doors closed. Dedicated air
supplies for the shrink-wrap machineswtll reduce most of the latent
load associated with 17,000 cfmof humidoutside atr whenall three
machinesare operating.

• Improveefficiency of propaneboiler by either replacement with a new
high-efficiency mode]or by reclaim of flue gas heat.

• Operate the liquid-desiccant systemmain circulating and conditioner
spray pumpsonly as needed, rather than continuously, or replace pump
motors with variable- or two-speed pumpmodels.

• Consider variable-speed pumpingof well water to reduce pumpingenergy,
to better matchcooling loads (thus more effectively using the limited
resource of stored chill), and to increase the amountof chill produced
by the closed-circuit cooler in winter.
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The predictedworkroomcoolingloadsare estimatedto be quitedifferent

fromthosein the originaldesign. Thesedifferencesprovidethe following

additionalopportunitiesfor furtherimprovingsystemenergyperformance:

• Reducedesignsupplyand returnfan air flowrateson theworkroom
conditionersto bettermatchactualcoolingloads. Preliminaryconser-
vativeestimatesindicatean aggregatefan horsepowerreductionof 25%.
Furthersavingscan be achievedby replacingmotorswith premium-effic-
iencymotors,replacingblowers(orimpellersonly)with high efficiency
units,replacingexistingfan speedcontrolwith variable-speeddrives
and providingclosed-looproom temperature/humiditycontrol.

• • Changethe chilledwatersupplytemperaturesetpointfrom 50oFto 54oF.
Thesehigherchilledwatertemperaturesshouldstillprovidesufficient
sensiblecoolingof the spaceand,basedon the aquifermodel,could
reducemechanicalrefrigerationby an additionaltwo-thirds.

Both the technicalassessmentand operationalassessmentof the liquid-

desiccantsystemindicatethatthe concentratoris undersizedon the orderof

50%. Controlof outsideair infiltration,as describedabove,is the

preferredway to alleviatethis condition.Concentratorcapacityand energy

efficiencymay alsobe improvedby:

• increasingconcentratorair flowrate by eitherincreasingblower
capacityor relievingair restrictionsin the duct system. The intake
hood and exhaustnozzleare obviousrestrictions;the intakehood
shouldbe replacedwith a largerunit;the exhaustnozzleshouldbe
replacedby a divergingstackof sufficientheightto ensurethatno
more than 5%of the exhaust air finds its way back to the intake hood in
calm air conditions.Smoothtransitionsin flowdirectionand cross-
sectionalareabetweenthe hood and concentratorinletand betweenthe
concentratoroutletand exhauststackmust be provided. A larger,more
efficientblowershouldprobablybe installed.The motorand blowercan
then be re-sheavedto obtainthe highestflowrate possiblewith the
existingmotoror a largermotorIf stillnecessary.

• improvingconcentratorthermalCOP by recoveringheat and avoidingthe
mixingof desiccantstreamsof differenttemperatureandconcentration
whichoccursin the currentsystem. The additionof a heatpipe heat
exchangerto extractheatupstreamof the refluxcoil and add lt to the
intakeair upstreamof the hotwatercoil is the firstpriority.

• • enlarging the existing desiccant plate heat exchanger and possibly using
return reflux water to further cool the desiccant solution returned to
the system from the concentrator.

Although not cost-effective as implementedat the Melville MPF(given

today's energy costs and cost projections), it should be rememberedthat the
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ATES/TEGsystem is a unique combination of technologies for which there was no

previous operating experience. Improvementsin the understanding of the

technologies have been gained both through this assessmentand through the
USPS'scontinued operation of the systemat the HPF.

Further activity focused on implementation of the recommendations

presented here is warranted because lt wtll help further understanding of the

operation characteristics of ATES/TEGsystemsand tt will significantly reduce

energy consumptionand operational prob]ems at the MPF.
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APPENDIXA

DOE-2 ]NPUTDECKOF HELVILLE HPF

TITLE LINE-1 - * HELVILLE HPF, USPS* ..
TITLE LINE-2 - * BASEHODEL*
TITLE LINE-4 - * PACIFIC NORTHWESTLABORATORY* ..

INPUT LOADS..
ABORTERRORS..
LIST CAUTIONS..

BUILDING-LOCATION $ From DOE-2 manual for NYC$
ATH-HOISTURE-

(0.34,0.33,0.40,0.54,0.76,1.02,1.18,1.16, ! .0] ,0.69,0.55, O.42)
ATH-TURBIDITY-

(0.1],0.11,0.12,0.15,0.17,0.22,0.21,0.24,0.2,0.]5,0.11,0.11) ..

RUN-PERIOD JAN 1, 1990 THRUDEC3] 1990 ..

$ SCHEDULES $

WORKRH-LIGHTS-SCHEDULETHRUDEC31 (ALL) (],24) (]) ..

$ Occupancy schedules : $
##fileprefix /userO/d3c431/Hel vi l l e/Doe/
##tnclude occdat
$ Lights and equip, schedules : $
##include eqpdat

$ -- CONSTRUCTIONS--$

L-EXTWALL- LAYERS
HATERIAL- (CC26,IN33) ..

L-EXTROOF- LAYERS
HATERIAL- (BRO],IN47,IN4Z,ASO]) ..

L- INTkIALL2- LAYERS
HATERIAL- (GPO],AL2],INO],GPO]) .. $]/2" GWB,AIR,R-7 BATT,]/2" GWB$

L-INTMALL6 - LAYERS
HATERIAL- (CBS]) .. $ 8" HOLLOWCONC. BLOCK$

L- INTMALL]] - LAYERS
MATERIAL- (GPO1,AL31,INO1,GPO]) .. $ 1/2" GWB,AIR,R-7 BATT,1/2" G_'_ $
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L-CEILING - LAYERS
MATERIAL- (GP02) .. $ 5/8" GWB$

L-FLOOR- LAYERS ..

- .. . 6" HVYWGHTCONC.$HATERIAL (IN43,CC15) $ 1" EXP. POLYINS ,

EXTWALL- CONSTRUCTION
LAYERS- L-EXTWALL ..

EXTROOF- CONSTRUCTION
LAYERS- L-EXTROOF
ABSORPTANCE- 0.15
ROUGHNESS- 5 ..

INTWALL2- CONSTRUCTION
LAYERS- L-INTWALL2 ..

INTWALL6- CONSTRUCTION
LAYERS- L-INTWALL6 ..

INTWALLll - CONSTRUCTION
LAYERS- L-INTWALLlI ..

EXTFLOOR- CONSTRUCTION
LAYERS- L-FLOOR ..

AIRWALL- CONSTRUCTION
U-VALUE- 2.6 ..

CEILING - CONSTRUCTION
LAYERS- L-CEILING ..

GLASSI - GLASS-TYPE
PANES- 2
GLASS-TYPE-CODE-1 ..

SKY1- GLASS-TYPE
GLASS-CONDUCTANCE- 0.00]
SHADING-COEF- 0
VIS-TRANS - 0.0257 ..

SKY2 - GLASS-TYPE
PANES- 3
GLASS-TYPE-CODE- ]
VIS-TRANS - 0 ..

SET-DEFAULTFOR EXTERIOR-WALL
CONSTRUCTION- EXTWALL
HEIGHT- 20 ..

$ Non-WorkroomConditioned Spaces $
ZONE-CONDITIONS- SPACE-CONDITIONS
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TEHPERATUREm (72) $ BLOCKCOOLINGLOADINGDOC.$
PEOPLE-HG-LAT- 200 $ assumemoderately active office work $
PEOPLE-HG-SENS- 250
FLOOR-WEIGHT- 0
FURN-FRACTION- 0.5
FURNITURE-TYPE- LIGHT
FURN-WEIGHT- 20
INF-SCHEDULE- WORKRH-LIGHTS
INF-HETHOD- AIR-CHANGE
INF-CFH/SQFT- 0.044 ..

WORKROOH- SPACE-CONDITIONS
TEHPE_TURE- (72)

• PEOPLE-HG-LAT- 435 $ from design docs. $
PEOPLE-HG-SENS- 345
DAYLIGHTING- YES
LIGHT-SET-POINT]- 50.0
LIGHT-CTRL-TYPE]- STEPPED
LIGHT-CTRL-STEPS- 3
LIGHTING-SCHEDULE- WORKRH-LIGHTS
FLOOR-WEIGHT- 0
FURN-FRACTION- 0.75
FURNITURE-TYPE- HEAVY
FURN-WEIGHT- ]00
INF-SCHEDULE- WORKRH-LIGHTS
INF-HETHOD- AIR-CHANGE
INF-CFH/SQFT- 0.044 ..

PLAT-CONDITIONS- SPACE-CONDITIONS
TEHPERATURE- (50)
PEOPLE-HG-LAT= 435
PEOPLE-HG-SENS- 345
INF-SCHEDULE- WORKRH-LIGHTS
INF-HETHOD- AIR-CHANGE
INF-CFH/SQFT- 0.044 ..

$ --- HECHANICAL ROOH--- $

HECH- SPACE
X - 0 Y - 560
AREA- 6600
VOLUHE- ]32000
ZONE-TYPE- UNCONDITIONED
EQUIPHENT-KW- 24.]6
EQUIP-SCHEDULE. WORKP,H-LIGHTS

' $ EXTERIORLIGHTING- FORACCOUNTINGPURPOSES:$
LIGHTING-KW- 24
LIGHTING-SCHEDULE- WORK_-LIGHTS
LIGHT-TO-SPACE- 0.0

$ BUILDINGELECTRICHWH& EXHAUSTFANS- FORACCOUNTINGPURPOSES:$
$ ELECTRICHWH- 9.6 KW- 32,722 BTU/HR
$ EXHAUSTFANS- ]2.4 KW- 42,3]0 BTU/HR
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SOURCE-TYPE- ELECTRIC
SOURCE-BTU/HR- 75033
SOURCE-SCHEDULE- MORKRH-LIGHTS
SOURCE-SENSIBLE- 0.0
SOURCE-LATENT- 0.0
INF-SCHEDULE- WORKP,H-LIGHTS
INF-HETHOD- AIR-CHANGE
AIR-CHANGES/HR- 0.50 ..

HECH-FLOOR- UNDERGROUND-FLOOR
CONSTRUCTION- EXTFLOORTILT - 180
AREA- 6600
U-EFFECTIVE- 0.0034 ..

HECH-ROOF- ROOF
CONS- EXTROOFZ - 20 TILT- 0
WIDTH- 8].24 HEIGHT- 81.24 ..

HECH-EW]- EXTERIOR-WALLX - 0 Y - 110 Z - 4
AZIHUTH - 270
WIDTH- 110
HEIGHT- 16

HECH-BERH- UNDERGROUND-WALL
AREA- 440
CONSTRUCT]ON- EXI'MALL ..

HECH-Eg2 - EXTERIOR-WALLX - 60 Y - 110 Z - 4
AZIHUTH- 0
WIDTH- 60
HEIGHT- 16

HECH-BERH2- UNDERGROUND-gALL
AREA- 240
CONSTRUCTION- EX'I'gALL ..

INTERIOR-WALL
CONSTRUCTION- ]NTWALL6
WIDTH- 110
HEIGHT- 10
NEXT-TO- ZONE2

INTERIOR-HALL
CONSTRUCTION- ]NTMALLll
WIDTH- 60
HEIGHT- 20
NEXT-TO- ZONE3
INSIDE-VIS-REFL - (0.70, 0.75) ..
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$ --- ZONE2--- $

ZONE2- SPACEX - 60 Y - 560
AREA- 18150
VOLUNE- 181500
SPACE-CONDITIONS- ZONE-CONDITIONS
PEOPLE-SCHEDULE- P-AC-2
NUNBER-OF-PEOPLE- 150
LIGHTING-W/SQFT- 1.4
LIGHTING-SCHEDULE- EQ-AC-8C $ COMMONSCHEDULEWITHDE-RATEFACTOR
EQUIPHENT-KW- 37.5 $ DE-RATEFATOR- 0.375 $

$ KITCHENEQUIPNENTKWBASEDONENERGYUSEANDSCHEDULES.$
EQUIP-SCHEDULE- EQ-AC-8C

- $ KITCHENPROPANEUSE:
SOURCE-TYPE- GAS
SOURCE-BTU/HR- 56301
SOURCE-SCHEDULE- EQ-AC-8C
SOURCE-SENSIBLE- 0.33
SOURCE-LATENT- 0.05 ..

ZONE2-FLOOR- UNDERGROUND-FLOOR
CONSTRUCTION- EXTFLOORTILT - 180
AREA- 18150
U-EFFECTIVE- 0.0087 ..

ZONE2-EW1- EXTERIOR-WALL
X - 160 Y - 110 Z - 4
AZIMUTH- 0
WIDTH- 165
HEIGHT- 6 ..

ZONE2-BEP,H - UNDERGROUND-WALL
AREA- 660
CONSTRUCTION- EXTWALL..

ZONE2-CEILING- INTERIOR-WALL
CONSTRUCTION- CEILING
Z - 10 TILT- 0
WIDTH- 134.72 HEIGHT- 134.72
NEXT-TO- PLEN ..

INTERIOR-WALL
CONSTRUCTION- INTWALL11
WIDTH- 140
HEIGHT- 10

• NEXT-TO- ZONE3
INSIDE-VIS-REFL- (0.70, 0.75) ..

INTERIOR-WALL
CONSTRUCTION- INTWALLlI
WIDTH- 35
HEIGHT- 10
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NEXT-TO- ZONE5
INSIDE-VIS-REFL - (0.70, 0.75) ..

IHTERIOR-WALL ..
CONSTRUCTION- INTWALL6
WIDTH- ]5
HEIGHT- 10
NEXT-TO- ZONE]A ..

INTERIOR-WALL
CONSTRUCTION- INTklALL6
WIDTH- 65 HEIGHT- ]0
NEXT-TO- ZONE] ..

INTERIOR-WALL
CONSTRUCTION= INTWALL6
WIDTH- ]0 HEIGHT- ]0
NEXT-TO - ZONE]] ..

$ --- ZONE]A --- $
ZONE1A- SPACE

X - 220 Y - 650
AREA- 1950
VOLUHE- 19500
SPACE-CONDITIONS- ZONE-CONDITIONS
PEOPLE-SCHEDULE- P-AC-1
NUHBER-OF-PEOPLE- 28
LIGHTING-W/SOFT- 1.4
LIGHTING-SCHEDULE- EQ-AC-I
EQUIPHENT-KW- 5.]6
EQUIP-SCHEDULE- EQ-AC-] ..

ZONEIA-FLOOR- UNDERGROUND-FLOOR
CONSTRUCTION- EXTFLOORTILT - ]80
AREA- ]950
U-EFFECTIVE- 0.0087 ..

ZONEIA-EW- EXTERIOR-WALLX - ]65 Y - ]5 Z - 4
WIDTH- ]30
HEIGHT- 6
AZ]HUTH- 0
oe

WINDOWX - 20 Y - 0.5
HEIGHT- 4.4375 WIDTH- 75
GLASS-TYPE- GLASS]
OVERHANG-W- 75
OVERHANG-D- 4 ..

ZONE]A-BERH- UNDERGROUND-WALL
AREA- 520
CONSTRUCTION- EXTWALL ,.
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ZONE1A-CEILING- INTERIOR-WALL
CONSTRUCTION- CEILING
Z - 10 TILT- 0
WIDTH- 44.16 HEIGHT- 44.16
NEXT-TO- PLEN ,.

INTERIOR-WALL
CONSTRUCTION- INTgALL2
WIDTH- 15 HEIGHT- 10
NEXT-TO- ZONE12 ..

INTERIOR-WALL
CONSTRUCTION- INTWALL2

• WIDTH- 130 HEIGHT- 10
NEXT-TO- ZONE1 ..

$ --- ZONE12--- $
ZONE12- SPACE

X - 350 Y - 650
AREA- 150 VOLUME- 1500
SPACE-CONDITIONS- ZONE-CONDITIONS
EQUIPMENT-KW- 4.1
EQUIP-SCHEDULE- WORKRH-LIGHTS
INF-CFM/SQFT- 0.0 ..

ZONE12-FLOOR- UNDERGROUND-FLOOR
CONSTRUCTION- EXTFLOORTILT- 180
AREA- 150
U-EFFECTIVE- 0.0087 ..

ZONE12-EW= EXTERIOR-WALLX - 10 Y - 15 Z - 4
HEIGHT- 6
WIDTH- 10
AZIMUTH- 0 ..

ZONE12-BERH- UNDERGROUND-WALL
AREA- 40
CONSTRUCTION- EXTWALL..

ZONE12-CEILING- INTERIOR-WALL
CONS- CEILING Z - 10 TILT - 0
WIDTH- 12.25 HEIGHT- 12.25

• NEXT-TO- PLEN ..

INTERIOR-WALL
- CONSTRUCTION- ]NTWALL2

WIDTH- 10 HEIGHT- 10
NEXT-TO- ZONE1..

INTERIOR-WALL
CONSTRUCTION- INTMALL2
WIDTH- 15 HEIGHT- 10
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NEXT-TO- ZONE]B ..

$ --- ZONE]] --- $
ZONE1] - SPACE

X - 220 Y - 570
AREA- 400 VOLUHE- 4000
SPACE-CONDITIONS- ZONE-CONDITIONS
EQUIPMENT-KW- 18
EQUIP-SCHEDULE- WORKP,H-LIGHTS
INF-CFH/SQFT - 0°0 ..

ZONE11-FLOOR- UNDERGROUND-FLOOR
CONSTRUCTION- EXTFLOORTILT - 180
AREA- 400
U-EFFECTIVE- 0.0001 ..

ZONEll-CEILING - INTERIOR-WALL
CONS- CEILING Z - 10 TILT- 0
WIDTH- 20 HEIGHT- 20
NEXT-TO- PLEN ..

INTERIOR-WALL
CONSTRUCTION- INTWALL6
WIDTH- 20 HEIGHT- 10
NEXT-TO- ZONE5
INSIDE-VIS-REFL - (0.70, 0.75) ..

INTERIOR-WALL
CONSTRUCTION- INTWALL2
WIDTH- 40 HEIGHT- 10
NEXT-TO- ZONE] ..

$ --- ZONE1 --- $
ZONE] - SPACE

X - 240 Y - E90
AREA- 10850 VOLUNE- 108500
SPACE-CONDITIONS- ZONE-CONDITIONS
PEOPLE-SCHEDULE- P-AC-]
NUNBER-OF-PEOPLE- 12
LIGHTING-W/SOFT- 1.4
LIGHTING-SCHEDULE- EQ-AC-1
EQUIPHENT-KW- 7.93
EQUIP-SCHEDULE- EQ-AC-]
_e

ZONE]-FLOOR- UNDERGROUND-FLOOR
CONSTRUCTION- EXTFLOOR
AREA- 10850 TILT - 180
U-EFFECTIVE - 0.0001 ..

ZONE1-CEILING - INTERIOR-WALL
CONS- CEILING TILT - 0 Z - 10

A.8



WIDTH - 104.16 HEIGHT= 104.16
NEXT-TO- PLEN ..

INTERIOR-WALL
CONSTRUCTION- ]NTWALL6
WIDTH - 90 HEIGHT- 10
NEXT-TO - ZONE5
INSIDE-V]S-REFL - (0.70, 0.75) ..

INTERIOR-WALL
• CONSTRUCTION- INTWALL2

WIDTH- 135 HEIGHT- 10
NEXT-TO- ZONE1B ..

1

$ --- ZONE1B --- $
ZONE1B- SPACE

X - 320 Y - 395
AREA- 12275 VOLUHE- 209750 $ 8750 0 2O AFF
SPACE-CONDITIONS- ZONE-CONDZTIONS
PEOPLE-SCHEDULE- P-AC-1B
NUMBER-OF-PEOPLE.40
LIGHTING-W/SQFT- 1.4
LIGHTING-SCHEDULE. EQ-AC-eC $ COHHONSCHEDULEWITH DE-PATEFACTOR
EQUIPHENT-KW- 3.3075 $ DE-RATEDACTUALKWBY 0.75
EQUIP-SCHEDULE. EQ-AC-SC ..

ZONE1B-FLOOR, UNDERGROUND-FLOOR
CONS- EXTFLOORTILT - 180
AREA- 12275
U-EFFECTIVE - 0.003] ..

ZONE1B-EW- EXTERIOR-WALL
X , 60' Y . 225 Z . 4
AZIHUTH - 0
HEIGHT- 6
WIDTH - 15 ..

ZONE1B-BERH, UNDERGROUND-WALL
AREA- 60
CONSTRUCTION- EXTWALL ..

ZONE1B-EW2- EXTERIOR-WALL
• X - 60 Y - 175

AZIHUTH - 90
WIDTH - 100
HEIGHT- 10 ..

WINDOW X - ]5 Y - 4
WIDTH - 80.5 HEIGHT- 4.4375
GLASS-TYPE- GLASS]
OVERHANG-W- B0.5
OVERHANG-D- 4 ..
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ZONE]B-EW3- EXTERIOR-WALL
X - 60 Y - 20
AZIHUTH- go
WIDTH- ]45 ..

ZONEIB-CEILING] - INTERIOR-WALL
CONS- CEILING TILT - 0 Z - ]0
WIDTH- 59.79 HEIGHT- 59.79
NEXT-TO- PLEN ..

ZONEIB-ROOF- ROOF
CONSTRUCTION- EXTROOF
TILT - 0 Z - 20
AZIHUTH- 180
WIDTH- 60 HEIGHT- ]45.83 ..

INTERIOR-WALL
WIDTH- ]50 HEIGHT- 20
CONSTRUCTION- INTWALL6
NEXT-TO- ZONE5
INSIDE-VIS-REFL - (0.70, 0.75) ..

INTERIOR-WALL
WIDTH- 30 HEIGHT- 20
CONSTRUCTION- INTWALL6
NEXT-TO- ZONE6
INSIDE-VIS-REFL - (0.70, 0.75) ..

INTERIOR-WALL
WIDTH- 55 HEIGHT- 20
CONSTRUCTION- INTWALL6
NEXT-TO- PLAT1 ..

$ --- PLEN ---$
PLEN- SPACE
X - 60 Y - 560 Z - 10

AREA- 35075 VOLUHE- 350750
ZONE-TYPE- UNCONDITIONED..

PLEN-EW]- EXTERIOR-WALL
X- 320 Y - 110
CONSTRUCTION- EXTWALL
HEIGHT- 10 WIOTH- 320
AZIHUTH- 0 ..

PLEN°EW2- EXTERIOR-WALL
X - 320 Y - 0
CONSTRUCTION- EXTWALL
HEIGHT- ]0 WIDTH- ]]0
AZIHUTH- go ..

PLEN-ROOF- ROOF
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CONSTRUCTION- EXTROOF
TILT- 0 Z - 10
AZINUTH- 180
WIDTH- 320 HEIGHT- 110 ..

INTERIOR-WALL
CONSTRUCTION- INTWALL6
WIDTH- 110 HEIGHT- 10
NEXT-TO- HECH ..

• INTERIOR-WALL
CONSTRUCTION- INTWALL11
WIDTH- 140 HEIGHT- 10

• NEXT-TO- ZONE3
INSIDE-VIS-REFL- (0.70, 0.75) ..

INTERIOR-WALL
CONSTRUCTION- INTklALL11
WIDTH- 120 HEIGHT- 10
NEXT-TO- ZONE5
INSIDE-VIS-REFL- (0.70, 0.75) ..

INTERIOR-WALL
CONSTRUCTION- INTWALL11
WIDTH- 60 HEIGHT- 10
NEXT-TO- ZONEIB ..

$ --- ZONE5 --- $
ZONE5- SPACE
X- 200 Y - 4]0

AREA- ]8200 VOLUHE- 364000
SPACE-CONDITIONS- WORKROOH
PEOPLE-SCHEDULE- P-AC-5
NUHBER-OF-PEOPLE- 33
LIGHTING-W/SQFT- 0.9
LIGHT-REF-POINT]- (60,70,3.3)
EQUIPHENT-KW- 34.72
EQUIP-SCHEDULE- EQ-AC-5 ..

ZONES-FLOOR- UNDERGROUND-FLOOR
CONS- EXTFLOORTILT - ]80
AREA- ]8200

• U-EFFECTIVE- 0.0001
INSIDE-VIS-REFL- 0.40 ..

ZONES-ROOF1- ROOF
CONSTRUCTION- EXTROOFTILT - 0 Z m 20
AZIHUTH- 180
WIDTH- 118.7 HEIGHT- 118.7 ..

ZONES-SKY]- WINDOWX - 10 Y - 10
HEIGHT- 118.3 WIDTH- 118.3
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GLASS-TYPE- SKY]
]NSIDE-VIS-REFL - 0.0 ..

ZONE5-ROOF2- ROOF
CONS- EXTROOFTILT - 0 Z - 20
AZ]HUTH- 180
WIDTH- 120 HEIGHT- ]5].67 ..

ZONE5-SKY2- WINDOW
WIDTH- 25.61 HEIGHT- 25.61
GLASS-TYPE- SKY2 ..

INTERIOR-WALL X - 0 Y - 0
WIDTH- 120 HEIGHT- 20
CONSTRUCTION- AIRWALL
INT-WALL-TYPE- AIR
HEXT-TO - ZONE6
]NSIDE-VIS-REFL - (0.0660, 0.0573) ..

INTERIOR-WALL X - 0 Y - 150
WIDTH- 150 HEIGHT- 20
CONSTRUCTION- A]RWALL
INT-WALL-TYPE- AIR
NEXT-TO- ZONE3
]NSIDE-VIS-REFL - (0.0516, 0.0822) ..

$ --- ZONE3 --- $
ZONE3- SPACE

X - 0 Y - 410
AREA- 31100 VOLUHE- 622000
SPACE-CONDIT]ONS- WORKROOH
PEOPLE-SCHEDULE- P-AC-3
NUHBER-OF-PEOPLE- _4
LIGHTING-kl/SQFT- _.9
LIGHT-REF-POINT] - (10C,70,3.3)
EQUIPHENT-KW= 51.92
EQUIP-SCHEDULE- EQ-AC-3

ZONE3-FLOOR- UNDERGROUND-FLOOR
CONS- EXTFLOORTILT - 180
AREA- 31100
U-EFFECT]VE- 0.0048
]NSIDE-VIS-REFL - 0.4 ..

ZONE3-EW1- EXTERIOR-WALL
X - 0 Y - 150
WIDTH - 150
AZIHUTH- 270
]NSIDE-VIS-REFL - 0.75 ..

ZONE3-ROOF1- ROOF
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CONS- EXTROOFTILT- 0 Z- 20
AZIHUTH- 180
WIDTH- 163.2 HEIGHT- 163.2 ..

ZONE3-SKY1- WINDOWLIKE ZONES-SKY1
HEIGHT- 163.1 WIDTH- 163.1 ..

ZONE3-ROOF2- ROOF
CONS- EXTROOFTILT - 0 Z- 20
AZIHUTH- 180

" WIDTH- 207.33 HEIGHT- 150 ..

ZONE3-SKY2- WINDOWLIKE ZONES-SKY2
• HEIGHT- 33.23 WIDTH- 33.23 ..

INTERIOR-WALL
CONSTRUCTION- AIRWALL
WIDTH- 100 HEIGHT- 20
INT-WALL-TYPE- AIR
NEXT-TO- ZONE4
INSIDE-VIS-REFL- (0.034_, 0.0332) ..

INTERIOR-WALLX - -5 Y - 90
CONSTRUCTION- AIRWALL
WIDTH- 110 HEIGHT- 20
INT-WALL-TYPE- AIR
NEXT-TO- ZONE8
INSIDE-VIS-REFL- (0.0379, 0.0613) ..

INTERIOR-WALLX - -5 Y - 200
CONSTRUCTION- AIRWALL
WIDTH- 10 HEIGHT- 20
INT-WALL-TYPE- AIR
NEXT-TO- ZONE6
INSIDE-VIS-REFL- (0.0035, 0.0048) ..

$ --- ZONE4 --- $
$ Fromthe vevtsed destgn document,thts ts a manua]sort area - there
$ ts no equipment tn use.
ZONE4- SPACE

X - 0 Y - 70
AREA- 31000 VOLUHE- 620000

" SPACE-CONDITIONS- WORKROOH
PEOPLE-SCHEDULE- P-AC-4
NUHBER-OF-PEOPLE- 92
LIGHTING-W/SQFT- 0.9
LIGHT-REF-POINT1. (40,160,3.3)

ZONE4-FLOOR- UNDERGROUND-FLOOR
CONS- EXTFLOORTILT - 180
AREA- 31000
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U-EFFECTIVE - 0.0014
INSIDE-VIS-REFL - 0.4 ..

ZONE4-EW1- EXTERIOR-WALL
X - 0 Y - 340
WIDTH- 300
AZIHUTH- 270
INSIDE-VIS-REFL - 0.75 ..

ZONE4-EW2- EXTERIOR-WALL
X - 0 Y - 40
WIDTH- 40
HEIGHT- 16
AZINUTH- 270
INSIDE-VIS-REFL - 0.75 ..

ZONE4-BE_ - UNDERGROUND-WALL
AREA- 160
CONSTRUCTION- EXTWALL
INSIDE-VIS-REFL - 0.75 ..

ZONE4-ROOF1- ROOF
CONS- EXTROOF TILT - 0 Z - 20
AZIHUTH- 180
HEIGHT- 162.5 WIDTH- 162.5 ..

ZONE4-SKY1- WINDOWLIKE ZONE5-SKY1
WIDTH- 162.48 HEIGHT- 162.48 ..

ZONE4-ROOF2- ROOF
CONS- EXTROOFTILT - 0 Z- 20
AZIHUTH - 180
WIDTH- 90 HEIGHT- 344.44 ..

ZONE4-SKY2- WINDOWLIKE ZONE5-SKY2
WIDTH- 33.23 HEIGHT- 33.23 ..

INTERIOR-WALL X - 90 Y - 165
CONSTRUCTION- AIRWALL
WIDTH- 160 HEIGHT- 20
INT-WALL-TYPE- AIR
NEXT-TO- ZONE8
INSIDE-VIS-REFL - (0.0528, 0.0886) ..

INTERIOR-WALL X - 90 Y - 0
CONSTRUCTION- AIRWALL
WIDTH- I80 HEIGHT- 20
INT-WALL-TYPE- AIR
NEXT-TO - ZONE9

..

INTERIOR-WALL
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CONSTRUCTIONm INTWALL6
WIDTH- go HEIGHT- 8
NEXT-TO- ZONE8C
INSIDE-VIS-REFL - (0.70, 0.75) ..

INTERIOR-WALL X - 70 Y - H
CONSTRUCTION-INTMALL6
WIDTH- 15 HEIGHT- _0
NEXT-TO- PLAT2 .o

$ --- ZONE8 --- $
ZONE8- SPACE

X - 90 Y, 230
• AREA- 18150 VOLUHE- 363000

SPACE-CONDIIIONS- WORKROOH
PEOPLE-SCHEDULE- P-_C-8
NUHBER-OF-PEOPLE- 118
LIGHTING-W/SQFT- 0.9
LIGHT-REF-POINTi - (50,75,3.3)
EQUIPHENT-KW- 53.4
EQUIP-SCHEOULE- RO-AC-8 ..

ZONE8-FLOOR- UNDERGROUND-FLOOR
CONS- EXTFLOORTILT - 180
AREA- 18150
U-EFFECTIVE- 0.0001
INSIDE-VIS_REFL - 0.4 ..

ZONES-ROOF1- ROOF
CONS- EXTROOF TILT- 0 Z - 20
AZIHUTH- 180
HEIGHT- 115.4 WIDTH- 115 4 ..

ZONES-SKY]- WINDOkLIKE ZONES-SKY]
HEIGHT- ]15.3 WIDTH- ]]5.3 ..

ZONE8-ROOF2- ROOF
CONS- EXTROOF TILT _ 0 Z - 20
AZIHUTH- ]30
WIDTH- 110 HEIGHT- ]6E ..

ZONE8-SKY2- WIHDOWLIKE ZONES-SKY2
HEIGHT- 25.6 WIDTH- 25.6 ..

INTERIOR-WALL X - _ Y - 0
CONSTRUCTION- AIRWALL
WIDTH- ]]0 HEIGHT- 20
INT-WALL-TYPE- AIR
NEXT-TO- ZONE9
INSIDE-VIS-REFL . (0.06]3, 0.0385) ..

INTERIOR-WALL X - 110 Y - 15
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CONSTRUCTION- AIRWALL
WIDTH - 150 HEIGHT - 20
INT-WALL-TYPE- AIR..

NEXT-TO ZONE6
INSIDE-VIS-REFL- (0.0832,0.07]4) ..

INTERIOR-WALL X - 110 Y - 0
CONSTRUCTION- AIRWALL
WIDTH- 10 HEIGHT- 20
INT-WALL-TYPE- AIR
NEXT-TO - ZONE7
INSIDE-VIS-REFL - (0.0057, 0.0098) ..

$ --- ZONE 6 --- $
ZONE6 - SPACE
X - 200 Y - 245
AREA - 21600 VOLUME - 414000
SPACE-CONDITIONS- WORKROOM
PEOPLE-SCHEDULE- P-AC-6
NUMBER-OF-PEOPLE- 35

LIGHTING-W/SQFT- 0.9
LIGHT-REF-POINTI- (60,80,3.3)
EQUIPMENT-KW- 6.632
EQUIP-SCHEDULE- EQ-AC-6
oe

ZONE6-FLOOR- UNDERGROUND-FLOOR
CONS- EXTFLOORTILT - 180
AREA- 21600
U-EFFECTIVE - O.O00I
INSIDE-VIS-REFL - 0.4 ..

ZONE6-ROOF]- ROOF
CONS- EXTROOFTILT - 0 Z - 20
AZIMUTH- 180
WIDTH - ]22.5 HEIGHT-122.5 ..

ZONE6-SKY]- WINDOWLIKE ZONES-SKY]
WIDTH - 122.47 HEIGHT- 122.47 ..

ZONE6-ROOF2- ROOF
CONS- EXTROOF TILT - 0 Z - 20
AZIMUTH- ]80
WIDTH- I35 HEIGHT- 160 ..

ZONE6-SKY2- WINDOWLIKE ZONE5-SKY2
WIDTH- 27.7 HEIGHT- 27.7 ..

INTERIOR-WALL X - 0 Y - 0
CONSTRUCTION- AIRWALL
WIDTH - ]20 HEIGHT - 20
INT-WALL-TYPE- AIR
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NEXT-TO- ZONE7
INSIDE-VIS-REFL - (0.0573, 0.]]43) ..

INTERIOR-WALL X = ]40 Y - 0
CONSTRUCTION- INTWALL6
WIDTH- 150 HEIGHT- 20
NEXT-TO- PLAT]
INSIDE-VIS-REFL - (0.75, 0.70) ..

INTERIOR-WALL
CONSTRUCTION- INTWALL6
WIDTH- 30 HEIGHT- 15
NEXT-TO- ZONE]O
INSIDE-VIS-REFL - (0.75, 0.70) ..

]NTERIOR-WALL
CONSTRUCTION- INTWALL6
WIDTH- 20 HEIGHT- 20
NEXT-TO- ZONE7
INSIDE-VIS-REFL - (0.75, 0.75) ..

$ --- PLATFORM! --- $
PLAT] - SPACE

X- 350 Y - 230
SPACE-CONDITIONS- PLAT-CONDITIONS
AREA- 7600 VOLUHE- ]52000
PEOPLE-SCHEDULE- P-PLAT
NUHBER-OF-PEOPLE- 6
LIGHTING-W/SQFT- 0.9
LIGHTING-SCHEDULE- EQ-AC-PLAT1
ee

PLAT]-FLOOR- UNDERGROUND-FLOOR
CONS- EXTFLOORTILT - 180
AREA- 7600 ..

PLAT]-EW1- EXTERIOR-WALL
X - 40 Y - 0
AZIHUTH- gO
WIDTH- 190 ..

PLAT1-ROOF- ROOF
CONS- EXTROOFTILT- 0 Z - 20
AZIMUTH- 180
WIDTH- 87.18 HEIGHT- 87.18 ..

INTERIOR-WALL
CONSTRUCTION- INTWALL6
WIDTH- 40 HEIGHT- 20
NEXT-TO- ZONEIO ..

$ --- ZONE10 --- $
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ZONEIO- SPACE
X - 320 Y - 165
AREA- 3950 VOLUHE- 59250
SPACE-CONDITIONS- ZONE-CONDITIONS
PEOPLE-SCHEDULE- P-AC-10
NUHBER-OF-PEOPLE- ]4
EQUIPHENT-KW- 9.96
EQUIP-SCHEDULE- P-AC-lO
LIGHTING-W/SQFT= 1.75
LIGHTING-SCHEDULE- P-AC-lO ..

ZONE10-FLOOR- UNDERGROUND-FLOOR
CONS- EXTFLOORTILT - 180
AREA- 3950
U-EFFECTIVE - 0.0021
e.

ZONEIO-EW1- EXTERIOR-WALL
X - 60 Y - 0 Z - 4
HEIGHT- 16
WIDTH- 65
AZIHUTH - 90 ..

ZONEIO-BERH- UNDERGROUND-WALL
AREA- 260
CONSTRUCTION- EXTWALL
INSIDE-VIS-REFL - 0.75 ..

ZONE10-ROOF- ROOF
CONS- EXTROOFTILT - 0 Z - 20
AZIHUTH - 180
WIDTH - 62.85 HEIGHT- 62.85 ..

INTERIOR-WALL
CONSTRUCTION- INTWALL6
WIDTH- 55 HEIGHT- ]5
NEXT-TO - ZONE7
INSIDE-VIS-REFL - (0.70, 0.75) ..

INTERIOR-WALL
CONSTRUCTION- INTMALL6
WIDTH- 40 HEIGHT- 15
NEXT-TO- ZONEg ..

INTERIOR-WALL
CONSTRUCTION- INTWALL6
WIDTH - 20 HEIGHT- 15
NEXT-TO- STOR ..

$ --- ZONE7 --- $
ZONE7- SPACE

X - 200 Y - 170
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AREA= 9600 VOLUHE= 192000
SPACE-CONDITIONS- WORKROOH
PEOPLE-SCHEDULE- P-AC-7
NUHBER-OF-PEOPLE- ]8
LIGHTING-W/SQFT- 0.9
LIGHT-REF-POINT] - (60,38,3.3)
EQUIPNENT-KW- 5.25
EQUIP-SCHEDULEm EQ-AC-7 ..

ZONE7-FLOOR- UNDERGROUND-FLOOR
• CONS- EXTFLOORTILT = ]80

AREA- g600
U-EFFECTIVE - 0.000!

• INSIDE-VIS-REFL - 0.4 ..

ZONE7-ROOF]- ROOF
CONS- EXTROOF TILT - 0 Z - 20
AZIHUTH- ]80
WIDTH- 8].3 HEIGHT- 8].3 ..

ZONE7-SKY!- WINDOWLIKE ZONES-SKY]
WIDTH- 8].24 HEIGHT- 8].24 ..

ZONE7-ROOF2- ROOF
CONS- EXTROOF TILT - 0 Z - 20
AZINUTH - 180
WIDTH- 120 HEIGHT- 80 ..

ZONE7-SKY2- WINDOWLIKE ZONES-SKY2
WIDTH - 18.33 HEIGHT- 18.33 ..

INTERIOR-WALL
CONSTRUCTION- AIRWALL
WIDTH- 190 HEIGHT- 20
INT-WALL-TYPE- AIR
NEXT-TO- ZONE9
INSIDE-VIS-REFL - (0.]780, 0.0661) ..

$ --- ZONE9 --- $
ZONE9- SPACE

X - 90 Y - 50
AREA- 33650 VOLUHE- 649800 $ 1400 0 8 AFF, 800 g 12 AFF $
SPACE-CONDITIONS- WORKROON
PEOPLE-SCHEDULE- P-AC-9
NUHBER-OF-PEOPLE- 92
LIGHTING-W/SQFT- 0.9
LIGHT-REF-POINT1 - (90,80,3.3)
EQUIPHENT-KW- 83.63
EQUIP-SCHEDULE- EQ-AC-9
..

ZONE9-FLOOR- UNDERGROUND-FLOOR
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CONS- EXTFLOORTILT - 180
AREA- 33650
U-EFFECTIVE- 0.0001
INSIDE-VIS-REFL - 0.4 ..

ZONEg-ROOF1- ROOF
CONS- EXTROOFTILT - 0 Z- 20
AZIHUTH - 180
WIDTH= 87.2 HEIGHT- 87.2 .,

ZONEg-SKY1-WINDOW LIKE ZONE5-SKY1
WIDTH- 87.18 HEIGHT- 87.18 ..

ZONEg-ROOF2- ROOF "
CONS- EXTROOFTILT - 0 Z - 20
AZIHUTH- 180
WIDTH- 130.4 HEIGHT- 130.4 ..

ZONE9-SKY2- WINDOWLIKE ZONEG-SKY1
WIDTH- 130.38 HEIGHT- 130.38 ..

ZONE9-ROOF3- ROOF
CONS- EXTROOFTILT - 0 Z - 20
AZIHUTH- 180
WIDTH- 220 HEIGHT- 152.95 ..

ZONEg-SKY3- WINDOWLIKE ZONES-SKY2
WIDTH- 34.64 HEIGHT- 34.64 ..

INTERIOR-WALL X - 90 Y - 0
CONSTRUCTION-INTWALL6
WIDTH- 235 HEIGHT- 20
NEXT-TO- STOR
INSIDE-VIS-REFL - (0.75, 0.70) ..

INTERIOR-WALL
CONSTRUCTION-INTWALL6
WIDTH- 170 HEIGHT- 20
NEXT-TO- PLAT2
INSIDE-VIS-REFL ,, (0.75, 0.70) ..

$ --- STOR--- $
STOR- SPACE

X - 260 Y - 0
AREA- 13700 VOLUHE- 274000
SPACE-CONDITIONS- ZONE-CONDITIONS
LIGHTING-W/SQFT- 0.9 .,

STOR-FLOOR- UNDERGROUND-FLOOR
CONS- EXTFLOORTILT - 180
AREA- 13700
U-EFFECTIVE- 0.0027
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.e

STOR-EW[- EXTERIOR-WALL
X- 120 Y - 0 Z - 4
HEIGHT- 16
AZIHUTH- 90
WIDTH- ]65 ..

STOR-BERH- UNDERGROUND-WALL
AREA- 660

• CONSTRUCTION- EXTWALL ..

STOR-EW2- EXTERIOR-WALL
• X - 0 Y - 0

AZIHUTH- 180
WIDTH- 120 ..

STOR-ROOF- ROOF
CONS- EXTROOF TILT- 0 Z - 20
AZIHUTH- 180
WIDTH- ]]7.05 HEIGHT- ]]7.05 ..

INTERIOR-WALL
CONSTRUCTION- INTWALL6
WIDTH- 55 HEIGHT- 20
NEXT-TO- PLAT2 ..

$ --- PLATFOP,H 2 --- $
PLAT2- SPACE
X - 20 Y - 0

AREA- ]2000 VOLUHE- 240000
SPACE-CONDITIONS- PLAT-CONDITIONS
PEOPLE-SCHEDULE- P-PLAT
NUHBER-OF-PEOPLE- 10
LIGHTING-W/SQFT- 0.9
LIGHTING-SCHEDULE- EQ-AC-PLAT2
ee

PLAT2-FLOOR- UNDERGROUND-FLOOR
CONS- EXTFLOORTILT - 180
AREA- ]20OO

4

e.

PLAT2-EW] - EXTERIOR-WALL
WIDTH- 240
AZIHUTH- 180 ..

PLAT2-ROOF- ROOF
CONS- EXTROOF TILT- 0 Z - 20
AZIHUTH - ]80
WIDTH- ]09.54 HEIGHT- ]09.54 ..
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INTERIOR-WALL
CONSTRUCTION- EXTWALL
WIDTH- 120 HEIGHT- 20
NEXT-TO - ZONESC ,.

$ --- ZONE8C --- $
ZONE8C- SPACE

AREA- 2400 VOLUHE- 24000 $ ]0' AFF
SPACE-CONDITIONS- ZONE-CONDITIONS
LIGHTING-WSQFT- 0.9]7
LIGHTING-SCHEDULE- EQ-AC-8C
EQUIPHENT-KW- 1.73
EQUIP-SCHEDULE- EQ-AC-8C
NUHBER-OF-PEOPLE- 3
PEOPLE-SCHEDULE- EQ-AC-8C ..

ZONE8C-FLOOR- UNDERGROUND-FLOOR
CONS-EXTFLOORTILT - 180
AREA- 2400
U-EFFECTIVE- 0.0049
..

ZONE8C-EW!- EXTERIOR-WALL
X - 0 Y - 70 Z - 4
HEIGHT- 16
WIDTH- 70
AZIMUTH- 270 ..

ZONE8C-BEP,H - UNDERGROUND-WALL
AREA- 280
CONSTRUCTION- EXTWALL ..

ZONE8C-EW2- EXTERIOR-WALL
WIDTH- 20
AZIHUTH- 180 ..

ZONE8C-ROOF- ROOF
CONS- EXTROOFTILT - 0 Z - 20
AZIHUTH- 180
WIDTH- 48.99 HEIGHT-48.9g ..

$ --- BUILDING RESOURCE--- $

$ --- REPORTS--- $
LOADS-REPORT

VERIFICATION (LV-B)
SUHMARY(LS-A,LS-B,LS-C,LS-D,LS-F,LS-K) ..

END ..
COMPUTELOADS ..

$ ................................... $
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$ SYSTENINPUT $

INPUT SYSTEHS..

$ --- SCHEDULES--- $
HEAT-TEHPm SCHEDULETHRUDEC31 (ALL) (1,24) (65) ..
COOL-TEHP- SCHEDULETHRUDEC31 (ALL) (1,24) (78) ..
PLAT-TEHP- SCHEDULETHRUDEC31 (ALL) (1,24) (50) ..

$ --- ZONES--- $
• ZONE5- ZONE

DESIGN-HEAT-T- 55
DESIGN-COOL-T- 78
HEAT-TEHP-SCH- HEAT-TEHP
COOL-TEHP-SCH- COOL-TEHP
THERI_STAT-TYPE- PROPORTIONAL
THROTTLING-RANGE- 4
HIN-CFH-RAT[O - 0.3
OUTSIDE-AIR-CFH- 700
..

ZONE]A- ZONELIKE ZONE5
OUTSIDE-AIR-CFH- 240
..

ZONE] - ZONELIKE ZONE5
OUTSIDE-AIR-CFH- 3000
ee

ZONE]B- ZONELIKE ZONE5
OUTSIDE-AIR-CFH - ]200
ee

ZONE2- ZONELIKE ZONE5
OUTSIDE-AIR-CFH- 6800
4e

ZONE3- ZONELIKE ZONE5
OUTSIDE-AIR-CFH- ]950
ee

ZONE4- ZONEL]KE ZONE5
OUTSIDE-AIR-CFH- 2650
De

• ZONE8- ZONELIKE ZONE5
OUTSIDE-AIR-CFH- ]845
ee

ZONEBC- ZONELIKE ZONE5
OUTSIDE-AIR-CFH- 205
ee
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ZONE6= ZONEL]KE ZONE5
OUTS]DE-AXR-CFH= 2050
..

ZONE7= ZONEL]KE ZONE5
OUTS]DE-AXR-CFH= 1500
ee

ZONE9= ZONEL]KE ZONE5
OUTS[DE-A]R-CFH= 2450
ee

ZONE]O= ZONELIKE ZONE5
OUTS[DE-A]R-CFH= 1680
ee

ZONE]] = ZONEL]KE ZONE5
OUTSXDE-A[R-CFH= 0.0
..

ZONE]2 = ZONELIKE ZONE5
OUTS]DE-AXR-CFH= 0.0
ee

STOR= ZONE
DES]GN-HEAT-T= 50
HEAT-TEHP-SCH= PLAT-TEHP
DES]GN-COOL-T= 7e
OUTS]DE-A]R-CFH= 0.0
ee

PLAT] = ZONEL]KE STOR ..
PLAT2= ZONELIKE STOR ..

HECH= ZONE ZONE-TYPE= UNCOND]T]ONED..

PLEN= ZONE ZONE-TYPE= UNCONDXT]ONED..

AC-] = SYSTEH
SYSTEH-TYPE= VAVS
H]N-SUPPLY-T = 55 $ RESETFROH55 F FORHUHXDXTYCONTROL$
SUPPLY-STAT]C= 2.0
SUPPLY-EFF= 0.65
OA-CONTROL= ENTHALPY
FAN-CONTROL= SPEED
HOTOR-PLACEHENT= OUTS]DE-A]RFLON
RETURN-STAT]C= 1.0
RETURN-EFF= 0.65
ZONE-NAHES= (ZONE],HECH,PLEN) ..

AC-]A = SYSTEHL]KE AC-]
OA-CONTROL= ENTHALPY
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SUPPLY-STATIC- 2.5
RETURN-STATIC- 0.75
ZONE-NAHES- (ZONE1A) ..

AC-]B - SYSTEHLIKEAC-1
OA-CONTROL- ENTHALPY
SUPPLY-STATIC- 2.0
RETURN-STATIC- 1.0
ZONE-NAHES- (ZONE]B) ..

AC-2 - SYSTEHLIKEAC-]
OA-CONTROL- ENTHALPY
ZONE-NAHES- (ZONE2)
oo

AC-3 - SYSTENLIKE AC-1
ZONE-NAHES- (ZONE3) ..

AC-4 - SYSTENLIKEAC-I
ZONE-NAHES- (ZONE4) ..

AC-5 - SYSTEHLIKE AC-1
ZONE-NAHES- (ZONES) ..

AC-6 - SYSTEHLIKE AC-]
ZONE-NAHES- (ZONE6) ..

AC-7 - SYSTEHLIKE AC-]
ZONE-NAHES- (ZONE7) ..

AC-8 - SYSTEHLIKE AC-]
ZONE-NAHES- (ZONES,ZONESC)..

AC-9 - SYSTENLIKE AC-]
ZONE-NAHES- (ZONEg) ..

AC-lO - SYSTEH
SYSTEH-TYPE- PSZ
HAX-SUPPLY-T- 105
HIN-SUPPLY-T- 55
SUPPLY-CFH- 8400
RETURN-CFH- 6720

" HIN-OUTSIDE-AIR- 0.2
ZONE-NAHES- (ZONE]O)
HEAT-SOURCE- ELECTRIC
COOLING-CAPACITY- 176900
HEATING-CAPACITY- -85303 ..

AC-li - SYSTEHLIKE AC-lO
SUPPLY-CFH- 3350
RETURN-CFH- 3350
COOLING-CAPACITY- 71400
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HEATING-CAPACITY- -34121
ZONE-NAHES- (ZONE11)
HIN-OUTSIDE-AIR- 0.0 ..

AC-12 - SYSTEHLIKEAC-lO
SUPPLY-CFH- 700
RETURN-CFN- 700
COOLING-CAPACITY- 16000
HEATING-CAPACITY- -15100
ZONE-NAHES- (ZONE12)
flIN-OUTSIDE-AIR- 0.0 ..

AC-STOR- SYSTEN
SYSTEN-TYPE- UHT
HAX-SUPPLY-T- 105
RATED-CFH- 2200
HEATING-CAPACITY- -118500
SUPPLY-STATIC- 0.8

• SUPPLY-KW- 0.00051
FURNACE-HIR- 1.266
HEAT-SOURCE- GAS-FURNACE
ZONE-NAHES- (STOR) ..

AC-PLAT- SYSTEHLIKE AC-STOR
ZONE-NAHES- (PLAT1,PLAT2) ..

SYSTEHS-REPORT
HOURLY-DATA-SAVE- YES
VERIFICATION- (SV-A,SV-B)
SUHtIARY- (SS-A,SS-B,SS-D,SS-F,SS-I,SS-N) ..

##Include tomsys

END ..
COHPUTESYSTEHS..

$ ........................................... $
$ PLANTINPUT $

INPUTPLANT ..

BOILER- PLANT-EQUIPHENT
TYPE- HW-BOILER
INSTALLED-NUHBER- ]
HAX-NUNBER-AVAIL- 1
SIZE - -999 ..

CHILL - PLANT-EQUIPNENT
TYPE- HERH-CENT-CHLR
SIZE - -999
INSTALLED-NUHBER- 1
HAX-NUHBER-AVAIL- 1 ..
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CTOWER- PLANT-EQUIPHENT
TYPE- COOLING-TWR
SIZE - -999 ..

PART-LOAD-RATIO
TYPE- HEPJi-CENT-CHLR
HIN-RATIO- 0.2
ELEC-INPUT-RATIO- 0.20 ..

PLANT-PARAHETERS
CHILL-WTR-THROTTLE-1.7
HERH-CENT-COND-TYPE- TOWER
HERH-CENT-UNL-RATIO- 0.2
TWR-PUHP-HEAO= 100.
TWR-DESIGN-WETBULB-74.0
TWR-FAN-CONTROL-TWO-SPEED
TWR-TEMP-CONTROL-FIXED
1"dR-WTR-SET-POIHT-75
BOILER-FUEL- LPG
HW-BOILER-HIR-1.429
CCIRC-H[AD- 100.
HCIRC-HEAD- 100.
CCIRC-DESIGN-T-DROP-10
HCIRC-DESIGN-T-DROP- 2 ..

PLANT-REPORT
HOURLY-DATA-SAVE- YES
VERIFICATION- (PV-A)
SUHHARY-(PS-A,PS-B,PS-C,PS-G,PS-H,BEPS)..

##Include tomplt

END ..
COHPUTEPLANT ..

STOP ..
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AuxlliarvF11e:OCCDAT

P-AC-I- SCHEDULETHRU DEC 31
(WD) (1,24) (0.14,0.14,0.14,0.14,0.04,0.14,0.]4,0.]4,].00,].00,].00,0.89,

0.21,0.89,1.00,].00,0.14,0.14,0.14,0.14,0.04,0.14,0.]4,0.)4)
(WEH)(1,24) (0.07,0.07,0.07,0.07,0.02,0.07,0.07,0.07,0.50,0.50,0.50,0.45,

0.11,0.45,0.50,0.50,0.07,0.07,0.07,0.07,0.02,0.07,0.07,0.07)

P_AC-]B- SCHEDULETHRUDEC3)
(WD)(1,24) (o.oe,o.oe,o.oe,o.oe,o.zs,o.oe,o.oe,o.os,o.5o,o.5o,o.5o,o.5o,

].00,0.50,0.50,0.50,0.10,0.10,0.]0,0.]0,0.03,0.]0,0.10,0.]0)
(WEH)(1,24) (0.04,0.04,0.04,0.04,0.13,0.04,0.04,0.04,0.25,0.25,0.25,0.25,

0.50,0.25,0.25,0.25,0.05,0.05,0.05,0.05,0.01,0.05,0.05,0.05)
P_AC-2 - SCHEDULETHRUDEC31

(WD) (1,24) (0.57,0.13,0.13,0.13,1.00,0.13,0.)3,0.67,0.67,0.13,0.13,0.13,
1.00,0.13,0.13,0.67,0.67,0.13,0.13,0.13,1.00,0.13,0.13,0.67)

(MEH) (1,24) (0.33,0.07,0.07,0.07,0.50,0.07,0.07,0.33,0.33,0.07,0.07,0.07,
0.50,0.07,0.07,0.33,0.33,0.07,0.07,0.07,0.50,0.07,0.07,0.33)

P_AC-3 - SCHEDULETHRUDEC31
(WD) (1,24) (1.00,1.00,1.00,1.00,0.59,1.00,0.68,0.68,0.23,0.23,0.23,0.23,

0.05,0.23,0.23,0.23,0.52,0.52,0.52,0.52,0.25,0.52,0.52,].00)
(WEH)(1,24) (O.SO,O.50,O.50,O.SO,O.30,O.SO,O.34,0.34,0.11,0.11,O.11,0.11,

0.02,0.11,0.11,0.11,0.26,0.26,0.26,0.26,0.13,0.26,0.26,0.50)

P_AC-4 - SCHEDULETHRUDEC31
(WD) (1,24) (0.83,0.83,0.83,0.83,0.60,1.00,0.70,0.70,0.62,0.62,0.62,0.52,

0.04,0.33,0.33,0.00,0.41,0.41,0.41,0.41,0.20,0.41,0.41,0.83)
(WEH)(1,24) (0.4],0.41,0.41,0.41,0.30,0.50,0.35,0.35,0.31,0.3),0.31,0.31,

0.02,0._6,0._6,o.00,o.2_,0.21,0.2_,0.2_,0._0,o.2_,0.2_,0.4_)
P_AC-5 - SCHEDULETHRUDEC31

(WD) (1,24) (1.00,1.00,1.00,1.00,0.58,1.00,0.36,0.36,0.48,0.48,0.48,0.48,
0.06,0.48,0.48,0.48,0.79,0.79,0.79,0.79,0.36,0.79,0.79,l)

(WEH)(1,24) (0.50,0.50,0.50,0.50,0.29,0.50,0.18,0.18,0.24,0.24,0.24,0.24,
0.03,0.24,0.24,0.24,0.39,0.39,0.39,0.39,0.18,0.39,0.39,0.50)

P_AC-6 - SCHEDULETHRUDEC31
(WD) (l,24) (0.46,0.45,0.45,0.45,0.29,0.45,0.29,0.29,0.17,0.17,0.17,0.]7,

0.03,0.17,0.17,0.17,1.00,1.00,1.00,1.00,0.46,1.00,1.00,0.37)
(MEH)(1,24) (0.23,0.23,0.23,0.23,0.14,0.23,0.14,O.14,0.09,0.Og,O.O9,0.og,

0.01,0.09,0.09,0.09,0.50,0.50,0.50,0.50,0.23,0.50,0.50,0.19)

P_AC-7 - SCHEDULETHRUDEC3)
(WD) (1,24) (0.89,0.89,0.89,0.89,0.50,0.89,0.44,0.44,1.00,1.00,1.00,1.00,

0.17,1.00,1.00,0.00,0.61,0.61,0.61,0.61,0.28,0.89,0.89,0.8g)
(WEH)(1,24) (0.44,0.44,0.44,0.44,0.25,0.44,0.22,0.22,0.50,0.50,0.50,0.50,

0.08,0.50,0.50,0.00,0.31,0.31,0.31,0.31,0.14,0.44,0.44,0.44)
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P_AC-8 - SCHEDULETHRUDEC31
(k'D) (i,24) (1.00,1.00,1°00,1.00,0.60,1.00,0.86,0.8_,0.16,0.16,0.16,0.16,

0.03, O.16,0.00,0.00,0.92,0.92,0.92,0.92,0.42,0.92,0.92,1 )
{WEH) (1,24) (0.S0,0.50,0.50,0.50,0.30,0.50,0.43,0.43,0.08,0.08,0.08,0.08,

0.01,0.08,0.00,0.00,0.46,0.46,0.46,0.46,0.21,0.46,0.46,0.50)

P_AC-9 - SCHEDULETHRUDEC 31
(kiD) (1,24) (0.96,0.96,0.96,0.96,0.55,0.96,0.43,0.43,0.58,0.58,0.58,0.58,

0.08,0.58,0.58,0.00,0.43,0.43,0.43,0.43,0.20,1.00,].00,1)
• (WEH) (1,24) (0.48,0.48,0.48,0.48,0.28,0.48,0.22,0.22,0.29,0.29,0.29,0.29,

0.04,0.29,0.2g,0.00,0.22,0.22,0.22,0.22,0.10,0.50,0.50,0.5)

P_AC-IO - SCHEDULETHRUDEC 31
(kiD) (1,74) (1.00,1.00,1.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,

0.00,_.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,1.00,1.00,1)
(WEH) (1,24) (0.50,0.50,0.50,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.C_,

0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.50,0.50,0.5)

P_PLAT- SCHEDULETHRUDEC31
(_) (1,24) (1.00,1.00,1.00,1.00,0.17,1.00,1.00,1.00,1.00,1.00,1.00,1.00,

0.17,1.00,1.00,1.00,1.00,1.60,1.00,1.00,0.17,1.00,1.00,1)
(WEH) (1,24) (0.50,0.50,0.50,0_50,0.08,0.50,0.50,0.50,0.50,0.50,0.50,0.50,

0.08,0.50,0.50,0.50,0.50,0.50,0.50,0.50,0.08,0.50,0.50,0.5)
o°
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Auxiliary F1]_: EOPDAT

EQ-AC-8C - SCHEDULETHRUDEC 31
(WD) (I,24)(1.0,1.0,I.0,I.0,1.0,I.0,1.0,I.0,I.0,1.0,1.0,I.0,

1.0,I.0,I.0,I.0,I.0,1.0,I.0,I.0,I.0,I.0,I.0,I.0)
(WEH) (I,24)(.50,0.50,0.50,0.50,0.50,0.50,0.50,0.50,0.50,0.50,0.50,0.50,

.50,0.50,0.50,0.50,0.50,0.50,0.50,0.50,0.50,0.50,0.50,0.50)
ee

EQ-AC-PLATI - SCHEDULETHRUDEC3]
(WD) (1,24)(1.0,1.0,1.0,0.0,0.0,0.50,0.50,0.75,0.75,0.75,0.75,0.75,

.75,0.75,0.75,0.75,].0,1.0,1.0,1.0,1.0,1.0,1.0,1.0)
(WEH) (1,24)(.50,0.50,0.50,0.0,0.0,0.25,0.25,.375,.375,.375,.375,.375,

•375,.375,.375,. 375, O.50,0.50,0.50,0.50,0.50,0.50,0.50, O.50)

EQ-AC-PLAT2- SCHEDULETHRUDEC 31
(_) (I,24) (1.0,1.0,1.0,1.0,1.0,0.0,0.50,0.50,0.50,0.50,0.50,0.50,

.50,0.50,0.50,0.SO,O.50,I.0,1.0,Z.O,Z.O,Z.O,Z.O,I.0)
(MEH) (1,24)(.50,0.50,0.50,0.50,0.50,0.0,0.25,0.25,0.25,0.25,0.25,0.25,

.25,0.25,0.25,0.25,0.25,0.50,0.50,0.50,0.50,0.50,0.50,0.50)
le

EQ-AC-I - SCHEDULETHRUDEC 31
(kiD) (1,24)(.50,0.50,0.S0,0.50,0.50,0.50,1.0,1.0,1.0,1.0,1.0,1.0,

, 1.0,1.0,1.0,0.50,0.50,0.50,0.50,0.50,0.50,0.50,0.50,0.50)
(WEH) (1,24)(.25,0.25,0.25,0.25,0.25,0.25,0.50,0.50,0.50,0.50,0.50,0.50,

.50,0.50,0.50,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25)
..

EQ-AC-3 - SCHEDULETHRUDEC31
(kiD) (1,24)(1.0,1.0,1.0,1.0,1.0,1.0,1.0,0.125,0.125,0.125,0.125,0.50,

.375,.375,0.50,0.50,0.50,1.0,1.0,1.0,1.0,1.0,1.0,1.0)
: (MEH) (1,24)(.50,0.50,0.50,0.50,0.50,0.50,0.50,.063,.063,.063,.063,0.25,

.188,.188,0.25,0.25,0.25,0.50,0.50,0.50,0.50,0.50,0.50,0.50)
so

EQ-AC-5 - SCHEDULETHRUDEC31
(_) (1,24)(1.0,1.0,1.0,1.0,1.0,1.0,0.50,0.50,0.50,0.50,0.50,0.50,

.5o,0.50,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0)
(WEH) (1,24) (. 50,0.50,0.50,0.50,0.50,0.50,0.25,0.25,0.25,0.25,0.25,0.25,

.25,o.25,o.50,o.50,o. 50,o.50,o.50,o. 50,o.50,o. 50,o.50,o.50)

EQ-AC-6 - SCHEDULETHRUDEC31
(WD) (1,24)(.50,0.50,0.50,0.50,0.50,0.50,0.50,0.50,0.50,0.50,0.50,0.50,

.50,0.50,1.0,1.0,1.0,1.0,0.75,0.75,0.75,0.75,0.50,0.50)
(_EH) (1,24)(.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,

.25,0.25,0.50,0.50,0.50,0.50,.375,.375,.375,.375,0.25,0.25)
ee
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EQ-AC-7 - SCHEDULETHRUDEC31
(WD) (1,24)(1.0,1.0,1.0,1.0,1.0,1.0,0.75,0.75,1.0,1.0,1.0,1.0,

1.0,0.75,0.75,0.75,0.75,1.0,1.0,1.0,1.0,1.0,1.0,1.0)
(WEH) (1,24)(.50,0.50,0.50,0.50,0.50,0.50,.375,.375,0.50,0.50,0.50,0.50,

.50,.375,.375,.375,.375,0.50,0.50,0.50,0.50,0.50,0.50,0.50)
°o

EQ-AC-8 - SCHEDULETHRUDEC31
(WD) (1,24)(1.0,1.0,1.0,1.0,1.0,].0,1.0,0.125,0.125,0.50,0.50,0.50,

.50,0.50,0.50,.375 ].0,1.0,1.0,1.0,].0,1.0,1.0,1.0)
" (WEH) (1,24)(.50,0.50,0.50,0.50,0.50,0.50,0.50,0.063,0.063,0.25,0.25,0.25,

.25,0.25,0.25,.188,0.50,0.50,0.50,0.50,0.50,0.50,0.50,0.50)
..

EQ-AC-9 - SCHEDULETHRUDEC 31
(WD) (1,24)(.75,0.75,0.75,0.75,0.75,0.75,0.75,0.5,0.5,0.75,0.75,0.75,

.75,0.75,0.75,0.75,0.75,0.75,0.75,0.75,0.75,0.75,0.75,0.75)
(WEH) (1,24)(.375,.375, .375, .375, .375, .375, .375, .25, .25,0.375,0.375,0.375,

.375,.375,.375,.375,.375,.375,.375,.375,.375,.375,.375,.375)
°°

EQ-AC-IO - SCHEDULETHRUDEC31
(WD) (1,24)(1.0,1.0,1.0,0.0,0.0,0.0,0,0,0,0,0,0,

0,0,0,0.0,0.0,0.0,0.0,0.0,0.0,1.0,].0,1.0)
(WEH) (1,24)(0.50,0.50,0.50,0.0,0.0,0.0,0.0,0,0,0,0,0,

0,0,0,0.0,0.0,0.0,0.0,0.0,0.0,0.50,0.50,0.50)
ee
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Auxiliary Ftle: TOHSYS

$ *** add HOURLY-DATA-SAVE-YEScommandto the SYSTEHS-REPORTcommandblock

$ *** below that commandblock, add the following:

$ SYSTEHSHOURLYREPORTS

FULL-YEAR- SCHEDULETHRUDEC3] (ALL) (],24) (]) ..
b

REPORT-SG! - REPORT-BLOCK
VARIABLE-TYPE - GLOBAL
VARIABLE-LIST - (7,8) ..

$ WBT,DBT
REPORT-S3 - REPORT-BLOCK

VARIABLE-TYPE - AC-3
VARIABLE-LIST - (6,4B,5,]0,]],]7,20,32) ..

$ TCLG,LCL,CHT,PHT,QHUH,CFH,RCFH,SKW
REPORT-S4 - REPORT-BLOCK

VARIABLE-TYPE - AC-4
VARIABLE-LIST - (6,4B,5,]0,I],]7,20,32) ..

$ TCLG,LCL,CHT,PHT,QHUH,CFH,RCFH,SKW
REPORT-S5 - REPORT-BLOCK

VARIABLE-TYPE - AC-5
VARIABLE-LIST - (5,48,5,]0,]],]7,20,32) ..

$ TCLG,LCL,CHT,PHT,QHUH,CFH,RCFH,SKW
REPORT-S5 - REPORT-BLOCK

VARIABLE-TYPE - AC-6
VARIABLE-LIST - (5,48,5,]0,II,]7,20,32) ..

$ TCLG,LCL,CHT,PHT,QHUH,CFH,RCFH,SKW
REPORT-S7 - REPORT-BLOCK

VARIABLE-TYPE - AC-7
VARIABLE-LIST - (6,48,5,)0,11,17,20,32) ..

$ TCLG,LCL,CHT,PHT,QHUH,CFH,RCFH,SKW
REPORT-SB - REPORT-BLOCK

VARIABLE-TYPE - AC-8
VARIABLE-LIST - (6,48,5,10,11,17,20,32) ..

$ TCLG,LCL,CHT,PHT,QHUH,CFH,RCFH,SKW
REPORT-Sg - REPORT-BLOCK

VARIABLE-TYPE - AC-9
VARIABLE-LIST - (6,48,5,10,11,17,20,32) ..

$ TCLG,LCL,CHT,PHT,QHUH,CFH,RCFH,SKW

SYSTEHS-HOURLY- HOURLY-REPORT
REPORT-SCHEDULE - FULL-YEAR
REPORT-BLOCK - (REPORT-SG],

REPORT-S3,REPORT-S4,
REPORT-SS,REPORT-S6,REPORT-S7,
REPORT-SB,REPORT-S9) ..

A.32



Auxiliary Ftle: TOHPLT

$ PLANTHOURLYREPORTS

FULL-YEAR- SCHEDULETHRUDEC31 (ALL) (1,24) (1) ..

REPORT-SGI - REPORT-BLOCK
VARIABLE-TYPE - GLOBAL
VARIABLE-LIST - (2,1) ..

$ NBT,DBT
REPORT-PI - REPORT-BLOCK

VARIABLE-TYPE - HM-BOILER
VARIABLE-LIST - (1,3,4)

• $ EQDEH(1,2),EQDEHi3,2),EQDEH(4,2)
REPORT-PZ- REPORT-BLOCK

VAR]ABLE-TYPE - HEP,H-CENT-CHLR
VAR]ABLE-LIST - (1,3)

$ EQDEH(1,10),EQDEHi2,10)

REPORT-P3 - REPORT-BLOCK
VAR]ABLE-TYPE - PLANT
VAR]ABLE-LIST - (3,10)

$ ENGYLD(3,IHR),PDENi3)

PLANT-HOURLY- HOURLY-REPORT
REPORT-SCHEDULE - FULL-YEAR
REPORT-BLOCK - (REPORT-SG1,REPORT-P1,REPORT-P2,

REPORT-P3) ..
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APPEND!XB

pREL[H[NARYCOST/SAV]NGSANALYS]SOF.HVACSYSTEH.[HPROVEHENTS

The matertal presented In thts appendtxwas developed to help the Htd-

Island HPFplant engtneer select energy efffctency Improvementsfor the

• ATES/TEGsystem. The results are based on many assumptionswhtch, whtle

be!teved accurate, are not sufficient for destgn purposes. The cost

effectiveness of the measuresshould be recheckedafter destgn work ts

completedand decisions to proceedmadeat that ttme.

Hatertal and labor costs are from Hean#Hechantcal Cost Data 1992

(published 1991, lO-dtgtt code) or tA/ Gratnger (1991; 5-dtgtt stock number)

and do not tnclude overhead or proftt unless otherwise noted. A burden factor

of 1.4, to cover contingency, overhead and proftt, ts applled to all raw

matertal and labor costs. Energy savtngs are based on the 1991 rates used tn

the body of the report.

DEDICATEDHAKE-UPA]R FORSHR[NK-WRAPVENT]LAT]ON

Exhaust fans were installed whenthe three shrink-wrap machineswere

addedat the HPF. The fans removeheat and organic vapors generated in the

shrink-wrap process. The ambient air conditions required for operation of

these machinesare muchless stringent than the 70 to 76oF, 40 to 60%RH

conditions that are generally maintained in the workroom. Direct ventilation

with outside air could therefore be used, except in very cold weather, to

provide make-upair in the immediate vicinity of the shrink-wrap machines.

This will eliminate the sensible and latent cooling loads currently imposedby

the 17,400 cfm flow of outside afr introduced to the conditioned space when

the shrink-wrap machineexhaust fans are operating. These fans operate

approximately 8 hours/day.

DescrtDtton. Eachof three proposedmake-upatr systemswtll constst of a

roof mountedatr tntake hood, a make-upatr fan (flow capactty equal to that

of the extsttng exhaust fan) and motorized damperoperated tn parallel wtth
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the existing exhaust fan, an over-ride thermostat to disable the fan and shut

the damper when the outside temperature is below 45oF, and a simple duct

system to distribute outside air to four registers that will direct the air

downward at four locations, about 12 ft above the floor, around the periphery

of the shrink-wrap machine.

Cost. The three systems are assumed to be the same size. The cost of each

system is based on the following elements:
Description and Ouantity Cost(S)

36-tn. 3/4-hp thr@q-phase ventilator with motor, drive,
roof hood (7F548) L'J 840

36x36 in. 12-in. high curb (3C438) 185

Installation labor (157-440-6280 and 157-490-5700) 190

36x36 in. opposed blade damper and motor,
installed (157-480-5150 and 6140) 360

Line-voltage thermostat and three-pole motor contactor (2E728, 5X464) 70

Installation (]57-420-5000 and 163-310-0100) 80

lO0-ft 24-tn. sptral 20 ga. steel duct, Installed (157-250-5520) 1750

Four 45- and four gO-degree elbows,
installed (157250-8560 & 8800) 1090

Total x 1.4 x 3 m $19,170

_. The energy savings are based on the following assumptions. Shrink-

wrap ventilation represents 20% (annual average) of all Infiltration and

ventilation for spaces served by the ATES/TEGsystem. The loa,J reductions are

estimated to be 10%of latent load (90 Matu/yr), 5% of senstble cooling load

(300 MBtu/yr) and 7% of the heating load (25 NBtu/yr). Each NBtu of latent

load requires 55 rheas of boiler fuel, based on a COPof 0.26 and a boiler

efficiency of 0.7) and 110 kwh of desiccant pumpenergy and each Matu of

latent load also contributes 0.4 MStu to the senstble cooltng load or 25 kwh

of cool tng plant electrical consu_tton (based on a system COP, which accounts

for energy used by fans, pumps, and compressors associated with the cooling

tower, chillers, wells and chilled water distribution, of 4.8).

_

(') A filtered intake ventilator (7C378) will not add appreciably to the
initial cost but wtll have twice the operating cost.
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The resulting savings are tabulated below. Note that relatively small

components of the sav|ngs (e.g. pumping energy associated with heating load

and desiccant pumping energy associated with latent cooling load) have been

ignored, making the overall savings estimate a conservative one.

I

Savings basis: load site energy
I

• Load component: Natu/yr kWh/yr $ them/yr $III I II I

latent cooling 90 12,150 950 4,950 3,370

sensible cooling 300 7,500 590 0 0

heating 25 0 0 360 245

new fans 0 -5+500 -420 0 0

Total $4,700
I

The simple payback, based on the foregoing estimates, is 4.1 years.

Imolementatton notes.

• While the payback for this measure not especially attractive, tt has
the important side effect of reducing peak latent loads. This will
ameliorate the problem of insufficient TEGconcentrator capacity.

• The ventilation fan motors should be specified as premium efficiency
models.

• The duct sizes in the cost estimate were selected for low velocity and
low pressure loss; to ensure an energy efficient ventilation system, the
contract for this work should specify the make-up air flow rates
(nominal or actual, whichever is larger) of the existing exhausts and
the maximumacceptable aggregate fan motor power (2.5 with no filters
and 4.5 with filters in dirty condition).

. COND]T

The DOE-2 simulation indicated that conditioner fans account for 940,260

• kWh/yr or over 60_ of the total electrical energy used by the ATES/TEGsystem.

The simulation also Indicated that conditioners could satisfy the peak cooling
loads with their air flow rates reduced on the order of 10_.
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Des;rtotton. The energy savings from a 10%conditioner air flow reduction

alone would reduce the fan energy by 25%(a) at practically no cost. However

additional savings can be obtained by Installing variable-speed drives (VSDs)

and controlling fan speed to just meet the load in each zone. Both load

criteria, temperature and relattve humidity, must be satisfied for comfort.

Proper ventilation must also be ensured.

Cost. Each conditioner requires one VSDof sufficient ampactty to handle both

supply and return fans at 90% of current maximumflow rate. The VSDcosts are

based on budgetary figures provided by Utech Systems Associates, Milwaukee,

Wisconsin. The costs to retrofit the seven conditioners with VSDs, and

provide p_oportional-plus-tntegral control of temperature, humidity and CO2,
are estimated to be as follows:

Oescrtotton and Ouantttv Costt$)

30-hp VSD, disconnect and transfer switch/bypass (Qty 2) 8,740

20-hp VSD, disconnect and transfer switch/bypass (Qty 3) 9,660

15-hp VSD, disconnect and transfer switch/bypass (Qty 2) 4,900

Installation (163-130-0640, Qty 7) 1,610

Humidity and temperature (General Eastern, Qty 7) 1,750

CO2 sensor (Gaztech, Qty 7) 2,800

Installation (3x7-21 units, 157-400-5000) 560

Total x 1.4 - $42,028

LILCO rebate ($140/hp x 150 hp) 21,000

Total after rebate $21,028

_. The energy savings are based on a 25% savings for VSDoperation of

all conditioner supply and return fans, on top of a 25% savings from reducing

maximumair flow by 10%. This results tna 100"(1 - (1-0.25}*{1-0.25}) - 44%

(a) Fan power varies with air flow, Q, according to the distribution of

p_'essure drop between turbulent and l_amtnar flow. The power varies wtth
Q tn pure turbulent flow and wtth Q_ t.n pure laminar flow. An
exponent of 3 (i.e. power varies wtth Q°) ts often assumed, but to be
conservative we have used an exponent of 2.7 in the analysis.
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savings overall or 411,000 kWh/yr fan input energy savings. 411,000 kWh/yr

represents 9_ of the senstble cooltng load but credit has not been taken for

the cooling input savings because the interactive savings are not fully

realized when multtple conservation and energy efficiency measures are

implemented and because the cooling savings are partly balanced by additional

heating costs. The value of the fan input energy savings is $31,500/yr.

• The simple payback based on the foregoing estimates, is 1.3 years
without the LILCO rebate and 8 months with the rebate.

Imolementatton notes.

• Outside air control should maintain mn average COz concentration of less
than 800 ppm. Because the technology for CO"control of outside air is
relatively new and because occupant's are sensitive to air quality
issues, it is important that plant operators check proper functioning of
the system at least monthly for the first year. A precision COt
analyzer accurate to 50 ppmcan be purchased for about $7000. This
cost, and the labor cost formonthly surveys, do not make the proposed
measure much less attractive because the annual electric energy savings
are so large. Also, LILCO offers a $0.20/avot_ed kWcustom HVACDSH
rebate, which is probably applicable to the CO_ sensors.

ENERGY-EFFICIENTHOTORSFORCONDITIONERSUPPLYANDR[TURNFANS

Variable-speed drives are generally mere cost-effective, and generally

produce greater savings, than replacement of standard efficiency motors by

premium efficiency motors. For this reason, it is standard practice, when

evaluating both measures, to evaluate the VSDmeasure first. This tends to

make the economics of the efficient motor retrofit even less attractive, with

respect to the VSDretrofit, but this does not mean that the efficient motor

retrofit wtll always turn out to be economically unattractive.

Description. Each conditioner requires one supply and one return fan motor.

Cost. The costs to retrofit the motors, assuming a 25_ average size

reduction, are as follows:
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Current Retroftt Matertal Labor Rebate Total
Qty Stze (hp) Stze (hp) ($/untt) (S/unit) ($/untt) ($)

2 25 20 647 221 -320 1,096

3 20 15 527 221 -240 1,524

2 15 10 388 132 -160 720

1 10 7.5 327 132 -120 339

4 7.5 5 231 132 -80 1,132

2 5 5 231 132 -80 566 "

Total 190 142.5 5,364 2,293 -2,280 5,377
t

Savtnqs. The energy savtngs are based on an aggregate energy consumption

(after converting to vartable atr volume, b_lanc|ng for mtntmumfan speed, and

maktng atr flow Improvements tn selected conditioners) of 56% of the estimated

current use of 940,260 kWh/yr, or about 529,000 kWh/yr. The estimated

savtngs, by AHU, are as follows.

Current Retroftt % of Fan Annual Savtngs
Qty Stze (hp) Stze (hp) Load Load (kWh) (%) (kWh/yr) ($/yr)

2 25 20 28 148,000 5.6 8,288 638

3 20 15 32 169,000 6.9 11,661 898

2 15 10 16 85,000 7.3 6,205 478

1 10 7.5 5 26,000 7.3 1,898 146

4 7.5 5 14 74,000 8.0 5,920 456

2 5 5 5 27,000 8.0 2,160 166

Total 190 142.5 100 529,000 6.8 36,132 2,782

The st_le payback of 2 years makes the efficient motor retroftt a very

good Investment. Even the payback for the smallest return fan motors, 3.5

years, ts attractive.

Implementation notes.

• The motor stzes used tn the cost/benefit analysts are based on a
generalization of the simulation results. The actual stzes requtred to
meet the coincident peak zone loads efficiently can only be determined
by executing an Iterative balancing procedure. Procedures may vary
somewhat among competent balancing contractors but should tnclude most
or a11 of the following elements:
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- The subsystems of each cnr4ittoner should be checked for proper
operation. Primary and secondary chi'i led water flow rates, air-
stde cotl and ftlter pressure drops, and atr distribution balance
should all be checked anJ deficiencies corrected.

- The c;ltlled water setpotnt should be ratsed to 58oF and the
extsttng ener_ man_gemnt and control system set to print maximum
daily space temperature and RH for each zone. Occupant complaints
should also be logged. After several hot days tt should be

• posstble to determine which zones have more than sufficient air
flow and whtch have insufficient atr flow and to adjust the
sheaves accordingly. T%e chtlled water setpoint should be dropped

. 2oF and the process continued unttl some hotter days are
encountered, lt may be found that a chilled water setpotnt

greater than 54oF can satisfy the peak load, _ i_ may be
detc,_mined that a lower setpoint is necessary .

- If the s_stem ts extremely unbalanced (e.g., one or more fans are
at or neur thetr maximumcontinuous duty load while an equal
nwJ)er or more are at 50% or less of maximum load), tt may be
pnsstble _o justify replacing secttons of the air distribution
system with larger ducts and registers and low pressure loss
fittings. (LILCO's $0.20/dvotded kW rebate should apply to thts
work.) If just one atr handler ts a problem, additton of a
parallel air handler or rezontng of extsttng air handlers may be
approprt ate.

• Once system deficiencies have been corrected and the system properly
balanced, the proper motor stzes can be readtly determined. The life-
cycle economics of replacing extsttng motors with properly stzed energy-
efficient motors should be determined (by measuring the electric power
required_ by each fan to satisfy peak load) on a case-by-case basts and
the VA_Ja,d efficient motor retrofits executed in any order or, if
fundtng priorities permit, simultaneously. The life-cycle cost of
replacing supply and return fan Impellers (or enttre blower assemblies)
with untt_ that have energy efficient atr-foil blades should also be
copstdered on a case-by-case basis.

(') The procedure may tndtcate Insufficient atr flow tna fan that has
already been sheaved to its maximumrated continuous duty load; one
shouldn't immediately conc]ude that it ts necessary to lower the chilled
water setpotnt. Instead, a thoroug,h check of primary chtlled water flow
rate, secondary flow rate, tube fouling, air flow rate, fan static

• pressure, external stattc pressure, coil and ftlter pressure drops, and
air distribution balance should be made and deficiencies corrected or
appropriate corrective measures taken. Lighting, ventilation air, and
equipment operating in the zone should also be checked to determine tf
fatlure to satisfy load ts caused by some fault outstde the chtlled
water, terminal u, it, or atr distribution systems. In other words, the
chilled water temperature should be lowered only as a 1ast resort.
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VARIABLE-SPEEDDRIVE FORCHILLEDWATER.COOLINGTOWER.ANDATESWELLPUMPS

The DOE-2 simulation indicated that chilled water pumps, cooling tower

fans and pumps, and ATESwell pumpsaccount for 370,500 kWh/yr or about 25% of

the total electrical energy used by the ATES/TEGsystem. Savings can be

obtained by Installing VSDs and controlling pumpspeeds based on temperature

rise through the load.
w

Descrtotton. Each pump function requires one VSDof sufficient ampactty to 0

handle all pumpsthat serve the function and are to be controlled in parallel.

Note that pumpsassociated with a given pumpfunction are, in most cases,

currently controlled in a sequence such that one pumpoperates under light

load conditions and all pumpsoperate under full load conditions.

Cost. The VSDcosts are based on budgetary figures provided by Utech Systems

Associates, Milwaukee, Wisconsin. The costs to retrofit the seven

conditioners with VSDs and provide Pl controls to act on load temperature
1

difference are estimated to be as fol]ows:

--Pump-- Energy --VSD--- Annual Savings Cost
qty (hp) Function (kWh/y) qty (hp) (%) (kWh) ($) ($)

2 5 Condenser ]6,600 1 10 50 8,300 636 2320

2 20 Tower Pump 94,900 1 40 50 47,450 3633 5100

2 20 Tower Fan 72,100 1 40 25 18,025 1380 5100

6 20 Well Pump 86,600 1 120 40 34,640 2653 9300

2 20 ATESWater 79,100 1 40 40 31,640 2423 5100

2 10 ChWPump 21,200 1 20 20 4,240 325 2450

Installation (at $500 ea) 6 3000

Totals: 370,500 6 270 144,295 11051 32370

Total burdened tnst_lled cost: 45318

i

Savinas. The total savings is 144,300 kWh/yr in pump input energy. This

represents 3% of the sensible cooling load but credit has not been taken for

the cooling input savings because the interactive savings are not fully
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realized when multiple conservation and energy efficiency measures are

Implemented. The value of the pump input energy savings is $ll,050/yr.

The stmple payback based on the foregoing estimates is 4.1 years without

the LILCO rebate and less than 9 months wtth the rebate.

Imolementatton nptes.

• * The cooltng tower pumpsand fans w111 operate in parallel from a single
variable-frequency driver. A frequency-proportional-to-temperature-
difference control law can be used. Additional savings are possible tf

, amore advanced control strategy (to account for the trade-off between
tower pumpand fan energy and chtller energy in the cooling mode, and
the trade-off between ATES injection temperature and volume and tower
and well pumpenergy tn the cold injection mode) ts developed and
implemented.

• The well recovery and injection pumpswill operate tn parallel from a
stngle variable-frequency driver. A frequency-proportional-to-
temperature-difference control law can be used based on hot well minus
cooltng tower discharge temperature tn cold charge mode and chtlled
water return minus cold well temperature difference in cooling mode.
Additional savings are posstble tf a more advanced control strategy (to
account for the trade-off between pumpand conditioner fan energy and
chtller and cooling tower energy) ts developed and Implemented.

• The ATES chtlled water pumpswtll operate tn parallel with well pumps tn
discharge mode only.

• Chtller water pumpswill operate in parallel from a single variable-
frequency driver. A frequency-proportional-to-chiller capacity control
law can be used. Additional savings are posstble tf a more advanced
control strategy (to account for the trade-off between pumpand
conditioner fan energy and chtller and cooltng tower energy) ts
developed and tmplemonted. Note, however, that to prevent evaporation
of TEG into the atr stream, the chilled water temperature should never
be allowed to exceed 62oF unless the desiccant concentration ts also
modulated (tn which case the maximumallowable chilled water temperature
ts a function of desiccant concentration) or the conditioner spray pumps
are shut off under low latent-load conditions.

EFFICIENT BOILERS
m

The DOE-2 simulation results indicated propane use of 52,000 ga1 or

about 5000 MBtu per year. The first year fuel cost was estimated to be about

$34,000. These estimates are based on a botler annual fuel utilization

efficiency of 70_.
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Descrtotton. Fuel consumptioncan be reduced by replacing the botlers wtth

high-efficiency botlers.

_. Meansdtd not 11st a cost for the 240,000 Btuh pulse botler but dtd

report the Installed cost of a standard 240,000 Btuh botler to be $4,700. The
unburdenedInstalled cost of a 44,000 Btuh pulse botler is reported by Means

(]55-115-8000) to be $2,100 and the cost of a 134,000 pulse botler (155-115-

8000) ts reported to be $3,235. Fromthe smaller pulse untts reported in

Means, the burdenedcost of a 240,000 Btuh pulse botler can be extrapolated to

be about $6,400. Ten pulse boilers are required to meet the current
concentrator load.

Savlnqs. A pulse botler wtll provtde an AFUEof about 94%, reductng annual

fuel use to 5000 x 70/94 - 3,720 MBtuat a cost of $25,300/yr. Thts results

in annual savtngs of $8,700 and a stmple paybackof 7.5 years. Smaller

savtngs but qutcker paybackwtll result tf fewer of the botlers are replaced.

lmDlementattonpotes.

• Thts measure Interacts strongly wtth the concentrator improvement
measures. Newestimates of the paybackshould therefore be recalculated
after decisions have beenmadeabout whtch concentrator measuresto
implement.

CONCENTRATORIMPROVEMENTS

The DOE-2simulation Indicated that the concentrator currently uses

3,450 MBtu/year tn hot water.

Descrlotton. lt ts estimated that the average concentrator COPcan be

tmproved from 0.3 to 0.7 by Installing atr-stde recuperator cotls, providing
separate sumpsfor the solutton streams that fall from the hot sprayed cotl

and the reflux cot1, and Increasing the stze of the solutton recuperator.
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f_9_.1_. The air-side recuperator coils will have to be carefully designed to

provide the necessary heat transfer area without excessive pressure drops.
.,

For the purpose of a preliminary cost estimate, however, we assume the use of

two 6-row cotls with 1/2-tn. tubes, 8 fins per inch (fpt) alumtnum fins, and a

face area of 48 ft z. The unburdened installed cost of two such cotls (based

on Means 157-201-1420 and -1630) is $10,730. A 1/12-hp, 32-gpm circulator

(152-410-2040) and expansion tank (155-671-2000) are also needed. The
e

burdened Installed equipment cost, therefore, totals $16,761. Additional

costs for design, labor to modify the concentrator enclosure, and commis-
t

stontng are estimated to be $6,000 resulting in a total first cost to $22,761.

The cost to provide a separate sump for the desiccant solution that

falls from the spray cotl and rearrange the desiccant return pumppickup and

float control cannot be reltably estimated without a more detatled

design (a). However, a ballpark estimate of $15,000, Including design,

commissioning, and 1.4 burden factor, can be used to estimate feasibility.

Cost of doubltng the size of the desiccant solutton recuperator (b) is

estimated to be $6,000.

Savtnos. With the increase in COP from 0.3 to 0.7 the concentrator will use

1,480 MBtu/yr and save 1,g70 MBtu/yr in hot water or 2,100 MBtu in fuel at an

AFUEof g4%. The reduction in operating cost wt11, therefore, be about

$14,400 per year giving a stmple payback of about 3 years.

Implementation notes.

• The concentrator should be thoroughly inspected and serviced during the
implementation of thts measure since tt wtll have to be flushed prior to
weldtng sump baffles anyway. Operation of the system for an extended

• period prior to the Installation of filters at appropriate locations in

, (a) Niagara Blower may be the only qualified party available to develop the
split sumpdesign, estimate tts cost, and recommtsston the concentrator
after modification at reasonable cost.

(b) Niagara blower has used plate heat exchangers manufactured by APV
Crepaco, Tonawanda, NY, and GrahamManufacturing Co. Inc., Batavia, NY.
The plate cost estimates are for the model HX-25 from GrahamMfg.
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the desiccant solutton distrtbut|on system may have resulted tn sign|ft-
cant fou]|ng of the heat transfer surfaces. C]ean cot]s, c]ean drtft
el|minators, and clean desiccant recuperator plates wt11 all contribute
to efficient operation.

• The atr-stde recuperator pumpshould be made to operate at vartable
speed by connecting tt tn parallel wtth the fan tf the VSDmeasure ts
also Implemented.
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