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PREFACE

THE ASEAN-USAID BUILDINGS ENERGY CONSERVATION PROJECT

Audits is the third in a series of three volumesthat culminateaneight-yeareffortto promotebuild-
ing energy efficiencyin five of the six members of the Associationof Southeast Asian Nations
(ASEAN). The Buildings Energy ConservationProject was one of three energy-relatedsub-
projects sponsoredby the United States Agency for InternationalDevelopment (USAID) as a
result of the Fourth ASEAN-US Dialogue on Development Cooperationin March 1982. lt was
conceived as a broad and integratedapproachto the problem of bringingabout cost-effective
energyconservationin Indonesia,Malaysia,the Philippines,Singapore,and Thailand(Bruneiwas
the oneASEAN member nationthat did not participate).

This volumepresentsthe resultsof audits thatwere performedon a largesampleof ASEAN
commercialbuildings.This informationwas usedto create an ASEAN-wideenergyuse database.
The researchwas largely conducted by ASEAN analysts and professionalsin localuniversities
and governmentinstitutions. Furtherfindingsof the ASEAN-USAID Project are collected in the
remainingtwo volumesof this series,whichcoverthefollowingtopicsindepth:

• Volume I - Energy Standards summarizesintensiveeffortsthat have resultedin new
commercial buildingstandardproposalsfor four ASEAN countriesand revisionof the
existingSingaporestandard.

• Volume II - Technology is a compilationof papers that report on specific energy
efficiencytechnologiesinthe ASEAN environment.

- PROJECT PHILOSOPHY AND CONTEXT

Underlyingevery aspect of t,3e ASEAN-USAID BuildingsEnergy ConservationProject was a
recognitionthat there were significantsocial,economic,and environmentalbenefits to be gained
throughenhancedenergy efficiency. Forthe ASEAN nations,as for developingcountriesali over
the world, ths processesof modernizationand industrializationhave been accompaniedby rapid
growthin energyconsumption. In the ASEAN region,commercialenergyconsumptiongrewfrom
27 to 85 milliontonsof oil equivalent(Mtoe),a factorof 3.15, duringthe period from 1970 to 1987.
Electricityconsumptionincreasedfrom 20 to 101billionkilowatthours(kWh), or bya factorof five.
Both growth rates were substantiallyin excess of the growth of economic productivityin the
region;grossdomesticproduct (GDP) increasedby a factorof 2.5 duringthe same period.

Whileenergy consumptionhas traditionallybeen regarded,and encouraged,as a vital input
and stimulantof economicgrowth,the experiencesof many of the industrializednationsrecently
have demonstratedthe potentialfor decouplingeconomicgrowthratesfrom energyconsumption
growth rates. The benefitsof thisdecouplingin an era of expensiveenergysources,limitedfinan-
cial and natural resources, and criticalglobal and local environmentalstresses are also increas-
ingly recognized. By supportingeffortstoward improvedenergy efficiencythroughthe ASEAN-
USAID Project,the largerhopewas to realizethe potentialfor:

• Reduced growthof electricitydemandto free capitalfor otheruses, whileavoidingthe
environmentalexternalitiesassociatedwith powergeneration,

• Loweroil importsfor many ASEAN countriesto reducebalanceof paymentsproblems,
and

• Moneysaved on electricitybillsto be putto more productiveuses.

The ASEAN-USAID Project targeted energy conservationin buildingsbecause growth of
electricityconsumptionin this sector has been particularlyrapidthroughoutthe region. In 1970,
residential buildingsin ASEAN consumed approximately3.5 billionkWh and commercial build-
ings, 4.3 billionkWh. By 1987, these figures had grown to 22 billionkWh and 23 billionkWh,
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respectively. Thus, buildingsin ASEAN--residential and commercial--currentlymake up 45% of
the demand for electricityin the region. Their consumptionhas grownalmostsix-foldduringthis
17-year period,or at an annualrate of 10.9%.*

One of the immediateimplicationsof increasingenergy consumptionis financialexpense.
The total annual cost of electricityfor buildingsin ASEAN (45 billionkWh) is about $4 billion
(U.S.), and if industrialbuildings,self-generation,and 'public consumption"are counted,the total
annual bill may be as high as $5 billion(U.S.). Since electricityconsumptionin buildingshas
grown rapidlyand is likely to continueto do so, utility costs in the sector are likelyto increase
markedlyover time. Becausebuildingsrepresentsucha significantfractionofelectricityconsump-
tion in the region, they representan importanttarget sector for nationaleffortsaimed at reaping
the economicandenvironmentalbenefitsof increasedenergyefficiency.

The ASEAN-USAID Projectfocussedon commercialbuildingsbecauseof the magnitudeof
potentialsavingsin thisenergyuse sector. As describedin greaterdetailelsewhereinthisseries,
the potentialforelectricitysavingsincommercialbuildingsis significant:

• 10% savingsachievableinthe nearterm,

• 20% savingsachievableinthe intermediateterm (5 to 10 years),and

• 40% or more savingsachievableinthe longerterm.

A 10% reductionin commercial buildingenergy use in ASEAN represents$200 million
(U.S.) savings infuel billsper year. Deductingthe costsof investmentsneededto achievethese
savingsyieldsnetannualsavingsto ASEAN of $100 to $150 million(U.S.).

A BRIEF HISTORY OF THE ASEAN-USAID BUILDINGS ENERGY CONSERVATION PRO-
JECT

The first phase of the Projectwas initiatedin 1982 with a collaborationby U.S. researchersat
LawrenceBerkeleyLaboratory(LBL) and the Singaporegovernment. This firsteffort had several
purposes,namely:

• to transferto Singaporea computercode (DOE-2) to analyzethe energyperformance
of buildings,

• to analyze measuresto increasethe energyefficiencyof buildingsinSingapore,

• to use the analysis results to extend and enhance Singapore's standardson energy
efficiencyinbuildings,and

• to establish a process whereby the other ASEAN members can benefit from the
experiencein Singapore, includingthe use of DOE-2, the analysisto support energy
standards,andthe process of adaptingandimplementingbuildingenergystandards.

Detailed resultsof this first phasewere presentedat a conferencein Singaporein May 1984.
The proceedingsfrom this conferen¢_are available in a separatelybound volume. They include
technicalstudiessupportingrecommendedoverall thermaltransfervalue (OTTV) refinementsas
well as energyperformancesimulationresults,descriptionsof existingenergyconservationactivi-
ties within ASEAN, and papers on several topics relatedto energy conservationin commercial
buildings.

With the initiationof a second phase in 1985, the focusof the ASEAN-USAID Projectwas
expandedto includethe other participatingASEAN nations. Its purposeremainedto promotethe
developmentand implementationof policiesto improvethe energyefficiencyof commercialbuild-
ings. In pursuitof this goal, the Projectfunded 22 differentresearchsub-projectswithinthe five

* Indeed,theseconsumptionestimatesunderest=matetheactualelectricitydemandattributabletobuildingsfor
at leastthreereasons:(1)a sizeableportionoi industrialelectricityconsumptionisforbuildingservices,(2)
electricitygeneratedonsite,eitherasbackuppowerorfornormaluse,iscountedasserf.productionevenif it Is
usedinbuildings,and(3)thecategory"publicelectricityconsumption"mayincludeconsiderableuseofelectri.
cityinbuildings.Thus,it islikelythatbuildingsinASEANaccountforconsiderablymorethan45%oftotalelec-
tricitydemand--probablyintherangeof55to60%.



participatingASEAN countries. The current series represents a compilationand synthesisof
several of the manyresearchpapersthat grew outof the overallProject.

Since its inception,the ASEAN-USAID Project has providedtrainingto ASEAN participants,
supportedresearch projectsthroughoutASEAN, conducted researchat LBL, and engaged U.S.
consultantsto work with ASEAN governmentsand privatesectorparticipantsto designprograms
and policies [1]. Within the Project,a key policyfocus has been the applicationof technicaltools
to the developmentand assessment of efficiencystandardsand guidelines. The Project has
stressedtraining(especiallyin computersimulationof buildingenergy use and energy auditing)
and the enhancementof research and developmentcapabilitiesin ASE.AN. Much of the data
gathering,analysis, and researchactivity conducted underProjectauspiceswas directedtoward
the eventual implementationof energyefficiencystandardsfor ASEANcommercialbuildings.
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EXECUTIVE SUMMARY

The auditingsubprojectof the ASEAN-USAID BuildingsEnergy ConservationProjecthas gen-
erated a great deal of auditingactivitythroughoutthe ASEAN region. Basicbuildingcharacteristic
and energy consumptiondata were gathered for over 200 buildingsand are presented in the
Database appendixof thisvolume. A large numberof buildingswere givenmore detailedaudits
and were modeledwith either the ASEAM-2 computerprogramorthe more complexDOE-2 pro-
gram. These modelswere usedto calculatethe savingsto be generatedbyconservationmeas-
ures. Specialty audits were also conducted, including lighting and thermal comfort surveys. Espe-
cially significant, many researchers in the ASEAN region were trained to perform energy audits in
a series of training courses and seminars.

The electricity intensities of various types of ASEAN buildings have been calculated. A com-
parison to the electricity intensity of the U.S. building stock tentatively concludes that ASEAN
office buildings are comparable, first class hotels and retail stores are more electricity intensive
than their U.S. counterparts, and hospitals are less intensive. Philippine and Singapore lighting
surveys indicate that illuminance levels in offices tend to be below the minimum accepted stan-
dard. Computer simulations of the energy use in various building types generally agree that for
most ASEAN buildings, electricity consumption for air-conditioning (including fan power) con-
sumes approximately 60% of total building electricity.

A review of the many studies made during the Project to calculate the savings from energy
conservation opportunities (ECOs) shows a median potential savings of approximately 10%, with
some buildings saving as much as 50%. Singapore buildings, apparently as a result of previously
implemented efficient energy-use practices, shows a lower potential for savings than the other
ASEAN nations. Air-conditioning ECOs hold the greatest potential for savings, starting with the
no-cost measure of raising the thermostat setpoint and the almost no-cost measure of minimizing
outside air intake. Variable air volume controls and heat exchangers for incom=qgair save over
10% of electric use and also have very low payback periods. Installing power factor-correcting
capacitors saves more than 5% of electricity on average. Two Philippine studies done on cogen-
eration potential - one for a hotel and one for a hospital - show that energy can be saved while net
cost savings of from 40% to 60% and paybacks of 1.5 to 2.6 years are achieved.

The breadth and detail of the auditing subproject has made it clear that energy use can be
reduced in the ASEAN region, with no reduction in productivity or comfort. Some of those reduc-
tions will be a result of simple behavioral changes. Others will involve replacement of technology.
Inevitably, each country will have to find the mix of technique and implementation procedure that
results in the maximum reductions for the minimurn cost.
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INTRODUCTION

This volumeprovidesan overviewof the energyauditworkthat was done for the ASEAN-USAID
BuildingsEnergyConservationProject.Specifically,the followingintroductiondetailsthe purpose,
history,and methodologyof the project,and includesthe keyfindingson energyconsumptionand
the potentialfor energyconservationinASEAN commercialbuildings.

The bulk of this volume,however, is composedof nine appendices.The first,and perhaps
mostuseful,is a database containingbuildingcharacteristicand energyconsumptioninformation
for over 200 buildingsin the ASEAN region. Other appendices include the final report of the
Singapore auditgroup, whichsummarizestheir activitiesand findings,a numberof audits--with
varyingdegrees of detail--on individualbuildings,and the report of a lightingsurvey. An example
surveyquestionnaireform usedfor collectingdata is includedat the end.

Beforeconcludingthis introduction,a disclaimeris in order.The projecthas provedsoeffec-
tive in instigatingenergy audit activitythat fully documenting the audit work or comprehensively
capturingits results is virtuallyimpossible.Still, we hope this volume will do some justice to the
effortsof the researcherswho participatedin the project.

THE PROJECT

Project Rationale

In brief, the goals of the project have been to conduct energystudiesof commercial build-
ings in the ASEAN nations, and then to analyze the findings. The energystudiesof individual
buildingshave ranged in complexity from simplemailed surveysto intensive,detailed modeling.
Simple surveys--which gather such data as buildingtype, conditionedfloor area, annual energy
consumption,and other buildingcharacteristics--are sufficientto give an initial indication of
whether a buildingis energy-efficientor not. Computermodelingthe building'senergy use can
further clarify how a buildinguses or wastes energy. Modeling becomes especially useful in
estimatingthe energy savingsto be gained by implementingenergy conservationopportunities
(ECOs).

Energy studies of individual buildings are valuable to their owners or operators because the
information can help them save money by reducing energy consumption.These studies can also
help the utility or energy supplier who wants to reduce demand for energy. Finally, individual
audits are beneficial to the nations in which they take place, since, by spurring conservation, they
ease pollution problems, lower energy imports required, and free money for consumption or
investment in other areas.

The results of a group of individual studies can reveal larger truths as weil. On the simplest
level, the analysis identifies the average electricity intensity of the various types of buildings in
each country and in ASEAN as a whole. A comparison of these intensities both among the
ASEAN nations and against the averages of industrialized countries indicates potential energy
savings. A tabulation of modeled ECOs provides information about typical savings that may be
available per building. An examination of savings and paybacks for various ECO types highlights
those ECOs which are especially attractive and should receive special attention in a conservation
program.

The audit analysis, which is the focus of this volume, is intended to be of assistance pri-
marily to national energy planners. A determination of the feasibility of various types of conserva-
tion measures should point toward the national potential for conservation. This information is cru-
cial in planning the matrix of future energy supply options. By identifying those ECO types which
save the most energy or have the shortest paybacks, this analysis will also reveal areas where
conservation investmen'_,incentives, or regulation should be directed. Furthermore, the analysis
can be useful to other building owners and operators, because it details typical electricity intensi-
ties and typical ECO savings.

Because the goal of energy conservation is such an important national priority, it is crucial
that energy conservation as an on-going effort be encouraged. An important way to do this is to
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trainenergyprofessionalsin the skillsof energyauditing.

Training

To supportprojectefforts,a trainingprogramto developand enhance the energy auditing
skills of buildingprofessionalsin Indonesia, Malaysia, the Philippines,Singapore,and Thailand
was carried out. The primary goal of this program was to transfer the skillsand analyticaltools
requiredfor the productionof effectiveenergyauditreports.

The scope of the basic and advanced energyaudit trainingprogramsincluded: establish-
ment of two-week trainingprogramsto develop skills in energy auditingand report production;
training in the use of diagnosticinstrumentationfor energy audits;determinationof appropriate
retrofit measures for tropical climates; and adaptation of the U.S. Department of Energy's
ASEAM-2.1 (A SimplifiedEnergyAnalysisMethod) microcomputerprogramfor analysisoftropical
retrofitopportunities. The trainingwas intendedas the firstphase of nationalenergy audit pro-
grams for buildingsin the ASEAN countries. Energyaudit data collectedfor ASEAM-2 analysis
are expected to be usedfor assessingpotentialnationalandregionalconservationprojectsforthe
ASEAN commercialbuildingsector. A manualof referencematerial was also preparedto assist
participantsinthe trainingsessions.

From November 1986 to November 1988 seven differenttrainingcourses and workshops
were heldthroughoutthe ASEAN region. These courseslasted from one to two weeks each and
ranged from preliminary trainingto advanced seminars. In the three basic two-week training
courses,an averageof approximately30 participantsreceived instructionin buildingenergyaudit-
ingand were introducedto the ASEAM-2 microcomputerprogram. Participantswere groupedinto
six teams to collaborateon and produceenergyauditreportson actualbuildings,usinga building
energydata collectionformandworkingwiththe ASEAM-2 program.

In a workshopfor eightkey researchersrepresentingeach of the ASEAN countries,special-
ists from LBL gave presentationsfocusingon energystandards,policyobjectives,data gathering
methods,naturalventilationandair-conditioningresearch,and the use of auditing,monitoringand
weatherstationequipment. A two-week advancedcoursewas held for 22 successfulparticipants
in the basic auditing course (or equivalent). This advanced course was intended to provide
instructionin the use of advancedfeatures of ASEAM-2, improvefield data collectionskills,and
train participantsin the use of field instrumentationfor buildingmonitoring.A limitednumberof
classroomlecturescomplementeda significantamountofhands-onfield surveyand computer lab
work.

The Audit Work

The amountof energy auditwork conductedundertheauspicesof the projecthas been con-
siderable. Basic informationon over 200 buildingswas gathered (See Appendix A). Auditors
investigatedseveral typesof buildings,includinghotels,hospitals,retailstores,supermarkets,and
others,but focusedon officebuildings.

Many different types of audits were conducted (see Table 1-1). Energy audits can be
characterized by howthey gather data, and how they analyze it. There are a numberof different
ways to gather buildingdata. Questionnairescan be mailed to the buildingownersor managers,
requestinginformationabout air-conditioning,lighting,elevators,and energy conservationmeas-
ures being implemented. Relevant data also can be garnered from blueprintsand other docu-
ments available from governmentagencies. Neither of these investigativeroutes requiresa site
visit. The Singaporeresearchteam gathered informationon 65 buildingsusingthese approaches.

Another way to gather data is to perform a simplewalk-throughsurvey and record basic
informationabout mechanical systems,envelope characteristics,and patternsof operation. This
type of buildingstudy is fairlybriefanddoes not involvemakingdetailed observationsor monitor-
ing the use of systems over time. Alternatively,more time can be spent gatheringmore detailed
informationabout the building. Most of the data gathered under the projectauspiceswere col-
lected inone of these latter two ways.
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Finally, buildingsystems can be monitoredfor periods rangingfrom 24 hoursto a year,
dependingon the variabilityof the use patternand the levelof accuracydesired. One officebuild-
ingin Malaysia, for example,was monitoredfor a one-week periodbeforeand oneafterconserva-
tion retrofitswere implemented.

Specialtyaudits can also be conducted. While mostof the auditwork conductedunder the
projectsoughtto providea comprehensiveoverviewof the buildings'energyperformance,some
work was focused on particularfeaturesrelatedto energyconsumption.One Philippineresearch
team surveyed the thermal comfortof buildingoccupants in a numberof buildings,bymeasuring
such variables as dry- and wet-bulb temperatures, relativehumidity,and indoorairspeed. The
researchers'intentionwas to determinethe effectivenessof naturalventilation.AnotherPhilippine
researchteam surveyed lightinglevels in a numberof buildings.The mostextensiveeffort inthis
area was conducted by the Singaporeresearchers, partly underthe aegis of this project. That
lightingstudycan befoundinAppendixH.

In order to gather the informationfor the database (AppendixA), the LBL researchteam sent
out a questionnaireto the ASEAN participantsregardingthe buildingsthey hadinvestigated.The
ASEAN participantseither returned the completed questionnaireto LBL, where the data were
entered,or they entered thedata directlyintothedatabase.

In support of the ASEAN in-countryresearchprojects,LBL reviewedeach project'sequip-
ment needs, and developedan extensive listingof precisioninstruments,data acquisitionequip-
ment, and accompanyingtools. The list of equipment sent to the ASEAN nations is shownin
Table 1-2.

Once collected, the data can be used in several ways. Most simply, the data can be
presentedas they are, as has been done in the database. The data can also be used as inputs
for computer modelsthat simulate the building'senergy use. The two software packagesused
most commonlyin this project are ASEAM-2 and DOE-2. The DOE-2 model is a sophisticated
analytic tool, but the gathering and enteringof data and the fine-tuningof the simulation make
modeling with this program difficultand laborious.Still, the research team in Thailand used it
effectivelyin modelingthe ventilatingand air conditioning(VAC)systemsof five buildings,each of
a differentbuildingtype.

The ASEAM-2 program is easier and quicker to use, and therefore allows researchersto
model more buildings. The inputs required are fewer, and the program even providesdefault
values when required. Most of the modelingdone under the projectwas executed using the
ASEAM-2 model.

Data also can be used to calculate the potentialsavingsto be gained by implementing
ECOs. Sometimesthese calculationscan be executed adequatelyby hand. Generally,however,
it is a good practiceto calculate potentialsavingswith the help of a computermodel,because the
interactionsbetween buildingsystems--such as lightingandair-conditioning--can be quitecom-
plex. Most of the ECO savingsshownin this reportwere calculatedwith the aid of the computer
models.

Finally,financial feasibility studiesof proposedECOs can beperformed. This was done by
the Thai investigativeteam for air-conditioningECOs (AppendixF) and by the Philippineteam for
cogenerationscenarios(see Table 1-11 and AppendixE).

THE FINDINGS

Background Issues

Electricity Intensity Index:

For the purposeof comparingbuildingstocks,probablythe mostusefulindex is the energy
intensity,or energy per unitfloor area. In thisstudy, the energyt_pe that has been mostclosely
monitoredis electricity. Thus, the indexthat willbe used iskWh/m=.
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The concept of "floorarea,' however, presentssome difficulty. Should floor area include
only the portiondirectlysuppliedwithconditionedair, or shouldit includethe total area within the
confines of the building'swalls, including parking garages, mechanical rooms, and storage
spaces? Would an intermediatedefinition--includingnon-conditionedareas like stairways,halls,
and storerooms,but notthe parkinggarage_be more appropriate?

There is no simpleanswer to this question.Butexaminingthe exact purposeof the electri-
cityintensityindexcan help solve the problemof its definition.As noted above, the indexallows
usto comparethe energyperformanceof a buildingeitherto a standardorto otherbuildings.That
meansthe index can bethoughtof as a kind of inverseefficiencyratio, with the output on the bot-
tom and the inputon the top. lt measureshow muchenergyis put into the buildingcomparedto
how much output--amount of comfortable,usable, well-lit space equipped with the necessary
services---isobtained. Floor area for calculatingthe electricityintensity,then, shouldbe the floor
area associateddirectly withthe functionof the building.For an officebuilding,thiscorrespondsto
the area used by peopledoingofficework--roughly,the conditionedarea.

Anotherway to view the problemis simplyas one of comparingthe energy use in similar
spaces. A parking garage is clearlya differenttype of space; by this criterionit shouldnot be
included. But what about stairwells,hallways,and small storeroomswhich receive littleor no air
supply? Ideally, these spacesshouldbe excl=Jdedfrom the floorarea sincethey too are distinctly
differentfrom conditionedspaces. To calculate the conditionedfloor area, however, it is much
easierto simplysubtractthe area of theparkinggarage from the totalfloorarea than it is to calcu-
late and then subtract the area of ali the unconditionedinteriorspaces. In the ASEAN database,
there is not a consistentlyfollowedrulefor determining'conditionedarea.' In this study,the term
"conditionedarea" remainsa somewhatambiguousterm. That is, we have used the 'conditioned
space"to calculate electricity intensity.This generallyexcludesparkinggarages, and it may or
may not includestairwells,hallways,andstoreroomswithoutsupplyair.

lt may offer some consolationto notethat the ASEAN database is not alone with its slightly
ambiguous 'conditioned area.' The Nonresidential Buildings Energy Consumption Survey
(NBECS) published by the U.S. Energy InformationAdministration(U.S. EIA 1989) uses a
classificationfor the proportionof area that is cooled,withone categorybeing "100% cooled."Yet
when NBECS survey respondentsclaimedthat their buildingwas 100% cooled, the data collec-
torshad no way to verifythat ali hallways,stairwells,etc. were in factconditioned.

Respondents to ASEAN surveys also probablyoverstate the "conditioned area,' of their
buildings.But the discrepancyis less striking. Nearly ali ASEAN buildingshave "grossarea'
figures which differ significantlyfrom their 'conditionedarea" figures, whereas the majorityof
NBECS office buildingswere categorizedas 100% cooled. As an approximation, therefore,this
studysupposesthat for the purposeof comparingthe U.S. stockto the ASEAN stock,only 90% of
the floor area belongingto NBECS "100% cooled' buildingsactually is conditioned. This effec-
tively raisesalielectricityintensityvaluesfor U.S. buildings,becausevalues are dividedby 0.9.

Statistical Significance:

What is the statisticalsignificanceof the ASEAN sample? This is a crucialquestion,as one
of the project'sprimary purposes--namely, the characterizationof the buildingstock--hinges on
it. Unlikethe statisticalanalysisof the NBECS study,which involvedan intenseeffort to collecta
significantand unbiased sample of the U.S. buildingstock,the ASEAN project used virtuallyno
sampling methodology. We are confident,however, that the ASEAN sample as a whole is
representative,especiallyfor officesanu hotels,because the sampleis so large in comparisonto
the ASEAN commercialbuildingstock,andbecausethere seems to be littlebias inthe sample.

Survey Results

Electricity's Part in Total Energy:

Almostali of the data that were collectedin the projectrelateto electricityconsumption.That
makes electricity'sproportionof totalbuildingenergy use less clear than wouldbe desirable.Still,
some usefulgeneralizationscan be made.



First, office buildingsand stores in ASEAN nations use electricityalmost exclusively. A
non-electricfuel source, if used at all, wouldbe onlyfor domestichotwater. The energyrequired
for thisend use inthese buildingtypesis negligible.Second,and conversely, non-electricbuilding
energy use can be considerablein other buildingtypes. Non-electricfuels are often used for the
hotel laundryservice,for cooking,andfor producingdomestichot water for guests. For example,
a studyof four hotelsin Indonesiashowsthat expendituresfor electricity as a proportionof total
energy expendituresrange between 57 and 86% (see Table 1-3). When the energy types are
convertedto commonenergyunits(withelectricitymeasuredat 3413 Btu/kWh),electricity'sshare
ranges between 50 and 62%. (The one exceptionto this is the one hotel in Indonesia,where the
sharewas 6%, due to its useof an absorptionchiller.)

Hospitalsalso use considerableamountsof non-electricfuels, forsteam, cookingheat, and
hot water. Forthisreason, hospitalsandhotelsare oftengoodcandidatesfor cogeneration.

Followingthe patternof the ASEAN buildings,but allowingfor more non-electricfuels used
for heating purposes, electricity in U.S. office buildingscomprises63% of total buildingenergy
consumption(NBECS p.29). Electricityfor *lodging,""health care,' and "mercantileand service'
buildingsis39%, 29%, and 53%, respectively.

Electricity Intensity in ASEAN:

Based on a survey of 128 officebuildingsthroughoutthe ASEAN region,we foundthat,on
average, they have an electricity intensityof 233 kWh/m'= (see Table 1-4). Hotels averaged a
higher electricity intensity,of 318 kWh/m"2.Hospitalswere higher still, at 379 kWh/m2. Retail
storeswere nearlyas highas hospitals,at 352 kWh/m2.

Comparisonamongthe five countriesrevealsthat Indonesiahas byfar the lowestelectricity
intensityamong the office buildingssampled, and nearly the lowest average for hotels. The
figuresfor Indonesiaare not necessarilysignificant,however,giventhe small samplesize. Com-
parisonsamong the other four countriesreveals no pattern of higheror lower indices. At first
glance, it may seem surprisingthat Singapore,whichhas the mostthoroughlyimplementedbuild-
ing conservationprogram,does not exhibitthe lowestaverageelectricityindex, lt is possiblethat
Singapore'sofficebuildingshave higher internalelectric loadsfrom officeequipmentand lighting.
Such loads would raise over-ali buildingconsumptioneven higher, were it not for its national
energypolicy.

Comparison to U.S. Stock:

lt is instructiveto comparethe ASEAN consumptionfiguresto thoseof U.S. buildings,lt can
also be difficult.This is partly because of the tremendous climate differencebetween the two
groupsof buildings,lt is also becausethe electricityintensitiessuppliedin the publishedNBECS
reportare notdisaggregatedenoughto make a validcomparisonbetween the two buildingstocks.
The response to the first problem is to look only at buildingsin the South census regionof the
U.S., since the weather in thishot and humidarea correspond._mostcloselyto that ofthe ASEAN
region. This is not an ideal solution, however, for the weather in the U.S. South is still much
coolerthan in the ASEAN region. Consequently,U.S. buildingswill requiremore heatingand less
cooling. The comparativeweightsof thesetwo counteractingbiasesis unclear.

To solve this latter problem, we obtainedthe 1983 NBECS data, and examine<lseveral
more disaggregatedsample groups.The resultsof thisdata search are shownin Table 1-4. To
providea bettercomparisonto ASEAN buildings,onlythosebuildingsineach size categorywhich
matched the typical sizes of ASEAN buildingsin the sample are includedin the U.S. sample.
(These sizes are noted on the table.) Finally,the table displaystwo sets of U.S. averages---that
for buildingsbuiltbetween 1971 and 1983, and thatfor ali buildingsstandingin 1983. The ASEAN
buildingstenOto be of more recent vintage,and perhapsshouldbe comparedto the more recently
builtU.S. stock.

Table 1-4 showsa very close match between the electricity intensitiesof officebuildingsin
the ASEAN t'egion and in the southern United States. Electricityintensity in ASEAN hotels (318
k'.Vh/m2),however, is higher than the U.S. value for buildingsof_alivintages(252 kwh/m2). (The
value for U.S. hotels built between 1971 and 1983, 82 kWh/mz, is based on a relatively small
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sample size and may be a statisticalanomaly). U.S. hospitalsare far more electricity-intensive
(571 kWh/m2 average for hospitalsof any vintage) than their ASEAN counterparts(379 kWh/m2).
This is probably due to the higher level of equipmentconsumptionin U.S. hospitals. Finally,
ASEAN retail stores consumeelectricityat a hioher levelthan do U.S. stores--352 versus 198
and 270 kWh/m2.

: In summary, ASEAN office buildings consume energy at about the same rate as U.S.
Offices,ASEAN hospitalsuse less electricitythan their U.S. counterparts,and ASEAN hotels and
retailstores use more.

Lighting Surveys:

Table 1-5 summarizesthe resultsof the lightingsurveysconducted by investigatorsin the
Philippinesand in Singapore. A more in-depthdiscussionof the Singaporeresultscan be found
in AppendixH. The average illuminancelevels in officesfor both the Philippinesand for Singa-
pore is approximately370 lux, while the average installedlightingpower density for both is 19
W/m2. Most of the Philippinelightingreportsnotedthat illuminancelevels in the officeswere too
low. The Singaporereport notesthat 40% of the officessurveyedhad illuminancelevelsbelowthe
minimumSISIR standard.

Building Simulations

Breakdown of Electricity Use by Component:

Table 1-6 shows a summary of the breakdownof electric use by component for different
buildingtypes in the differentASEAN countries,as calculatedbyend-use ASEAM-2 simulations.
For offices,hotels,hospitals,schools,and supermarkets,the sum of air conditioningandfans lies
roughlybetween 55 and 70% of total electric use. Lightingand miscellaneousequipmentmake up
the remainder.

Only storesdeviatefrom thispattern,withan air-conditioningandfan total of only40%. This
resultmay be anomalous,however,as the sampleconsistsof onlyone building.

Levine et al. performed a DOE-2 simulation of a prototypicalimaginary office building
(ASEAN/USAID 1989, pp. 49-62) based on average buildingcharacteristicsobtainedfroma sur-
vey of officebuildingsinthe Manila metropolitanarea. The simulatedbuilding,as shownin Table
1-6, showed an energyconsumptionpatternsimilarto the averageof the simulatedvalues.

Breakdown of Cooling Load by Component:

The ASEAM-2 program calculatesa breakdownof the peak cooling load in the modeled
building.The Philippineresearchteam modeled more buildingswith ASEAM-2 than any other
country.Table 1-7 summarizesthe outputfrom theirwork.

ECOs

_L _nmaryof ECOs Studied:

Table 1-8 showsa listof ECO measuresfor whichestimatedsavingswere calculated. The
projectedsavingsvary considerablyfrom buildingto building. Nearly half the buildingshave pro-
jected savingsof more than 10% of total electricity,almostone-quartershow savingsof morethan
20%, and one office buildinghas a savingspotentialof more than 50%. The Philippineresearch
groupprepared approximately20 auditreports inwhich ECOs were identifiedand savingscalcu-
lationswere made. lt is interestingto note that the savingscalculationsfor ECOs in Singaporeare
quite small. This could be due to the relatively highstandardof energy efficiencyin their build-
ings.

A briefexaminationof Table 1-9 reveals that the measureswhich save the mostenergyare
thosethat affect the VAC system. The mosthighlyrecommendedmeasure for any buildingis t_o
raise the thermostatsetpointas far as possiblewhile staying within the comfortzone. Actually,
many audit reports note that occupantscomplainthat their buildingis too cold. This measure
saved an average of 3.6% of total buildingelectricity in those cases where it 'was calculated.In
actuality,however,itsmagnitudedependsonthe size of the change inthe setpoint.
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Minimizingoutsideair intakeis also an attractivemeasure,not the least of whichis its low
cost. This action generallyconsistsof merely changingthe pulleyson the fans. Yet it saved an
average of 6.0% for those cases where it was calculated. Maintainingclean air-handlingunit
filtersand coolingcoilsalso garnerssignificantsavings.

The three biggestsavingair-conditioningmeasuresare variableair-volume(VAV) controls,
heat exchangers, and new, efficientchillers. The first two are generallycost-effective(see next
section), while the latter may be too expensive to be feasible in many cases, especiallythose
involvingretrofits.

Lightingmeasureshave a significantpotentialfor savingenergy (an average of 5.1%), but
cautionis prescribed.Boththe Philippineand Singaporelightingsurveysfoundgenerallylowlight-
ing levels. Further reductionsin installedcapacitymust be balancedagainstthe need for good
lightingfor workers.

Electricalsystems can be made more efficientin two ways: by raisingthe power factor by
installingnew capacitors,and by reducingtransformerenergy loss by loweringexcess capacity.
These strategiesalso have the potentialfor considerablesavings,althoughthe initialcost of these
measureswas not mentionedin the _'eports.

One drawbackof the informationpresentedin Table 1-9 isthat it does not show whetheror
notthe measure is cost-effective.Some of this informationis presentedinthe followingsection.

Analysis of Air-Conditioning ECOs:

Table 1-10 showsa summaryof ECO financialanalysesperformedfor commercialbuildings
in Thailand. The air-conditioningsystemsfor an officebuilding,a hotel,a hospital,a library,anda
shoppingcenterwere mode;edusingDOE-2. ECOs relatedto the air-conditioningsystemswere
also modeled. A simplifiedversionof the financialanalysisis providedhere.

Of the five buildingtypesexamined,hotelECOs havethe shortestpaybacks,followedby the
officebuilding,the shoppingcenter, the universitylll;rary, and the hospital. This order roughlyfol-
lowsthe total electricconsumptionof the buildings,with the largesttotalconsumershavingECOs
withthe shortestpaybacks.This is apparentlydue to the relativelylowerinvestmentcostfor larger
ECOs. This order is also parallel to the electricintensityof the buildings.The university library
andthe hospital--the buildingswith the lowest electricintensities--havethe longestpaybacks.In
summary, buildingswith low electricityconsumptionand intensitywill have ;he longestpayback
periods.

Ali of the ECOs modeledhave the potentialto save substantialamounts of energyand pay
for themselvesquickly. Indeed, each ECO type has at leastoneapplicationwhere itspaybackis
less than 1.1 years. The ECOs can be combinedto provideadditionalsavings,but because of
theiroverlappingnature,the paybackperiodswillincreasewithcombinations.

Clearly the cheapest, quickestway to save energyis to reducethe intake of outsideair to
the minimum required. This measure was calculatedfor the officebuilding. Becauseof the low
investmentcost involved, the payback is very quick (0.1 years). This measure could not be
recommendedfor the otherbuildings,since theiroutsideair intakewas judgedto be alreadyat a
minimum.

Two types of VAV ECOs were modeled. The inlet guidevane methodof effectingVAV con-
troltypicallysaves nearlytwiceas muchmoneyas the dischargedamper method,but becauseits
initialcost is far higher,the inletguidevane ECO typicallyhas slightlylongerpaybacks.

Heat e×changers to preconditionincoming air with outgoingexhaust air are also cost-
effective, withgross savingsand investmentcostscomparableto the amountsfor the inlet guide
vane ECOs. However, fairly highoperatingcostslowernet savings,and extendpaybackperiods
slightly.

In the officebuilding,two ECOs, which involvedreducingthe amountof windowarea, were
modeled. Tt,'esemeasures result in lowered coolingloads and loweredrequirementsfor coolsup-
ply air. The officebuildinghas a window-to-wallratio of 0.95. The two measures decreasedthis
ratio to 0.65 and to 0.35 by incertinginsulatingpar_91sin portionsof the windows.Bothmeasures
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had a paybackperiod of lessthan oneyear.

The savings modeled in these buildingsare substantial. The individualmeasure types
which producethe greatestsavingsarethe inletguidevanes and the heat exchangers. Combina-
tions of ECOs--such as in the officebuilding---caneliminateovAr half of the total electriccon-
sumption. In the university library, ECOs save over haft of _he electricity used by the air-
conditioningsystem.

Cogeneration Ana/ysis:

Philippineanalystsperformedfeasibilitystudiesfor cogenerationat a hoteland at a hospital
(seeTable 1-11). These types of facilitiesare often suitedforcogenerationbecause of their large
heat requirements--fordomestichot water, laundry,and cooking. Severalscenarioswere investi-
gated at each facility, involvingvarying chillertypes, sizingcriteria,and relationshipsto the utility
grid. A numberof financingschemeswerealsoinvestigated,but forsimplicityof presentation,this
sectionlimitsthe financialdiscussionto savings,investment,andpayback.

Ali of the cogenerationscenariossave considerableenergy. Net monetarysavings range
from 28% to 62% of total energy costs. In the hospital,the two scenarioswith the lowest pay-
backs (1.54 and 1.58 years) incorporateabsorptJonchillersto make use of generatorwasteheat.
One of these scenarios, with the generator sized to meet maximum air-conditioningneed,
includesa sell-backof electricityto the utility, lt shouldbe notedthat the cost of the chillerswas
not includedin the investmentcost, for either the absorptionor for the centrifugalchiller cases.
The hospitalscenariosusingcentrifugalchillershave a somewhatlongerpayback. The scenario
withthe hospitalisolatedfrom the utilitygridappearsto be the worst investmentchoice, since it is
the onlyonewith a paybackof more thanthreeyears.

The paybacks for the two scenarios for the hotel are not as short as the best hospital
scenarios,but are stillunder three years. The generatorsin bothscenariosare sized to meet the
minimum electric demand, but the generatorsare differentsizes because one scenario uses
absorptionand the otherusescentrifugalchillerequipment.

Daylighting Simulation Results:

Philippineanalystshave modeled the existinglightingin four officebuildings,incorporating
bothartificialand natural light(see Table 1-12). They have also modeled the buildings'electricity
use forthe hypotheticalcase inwhichthere is onlyartificial light. The resultinganalysis,while not
exactly a calculationof potentialsavingsfrom daylightingmeasures,providesan indicationof the
effects of natural lightingon buildingenergyuse. In brief, naturallightingsubstantiallylowers the
need for artificiallight,whileslightlyraisingthe need for cooling. The overalleffectof naturallight-
ingis to lowerbuildingenergyuse.

THE VOLUME

lt would be impossibleto represent ali the auditingwork done throughoutASEAN in this
volume. Instead, we chose seven studiesto providea sample of bothcountryactivities and dif-
ferent buildingtypes (AppendicesB-H). We also includedthe ASEAN BuildingEnergy Database,
and a sample energy surveyform for those analystsinterestedin doingsimilarauditingwork in
theirowncountries.
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Table 1. Energy Studies Conducted

Offices Hotels Hospitals Stores Sprmkts. Undefd Total
Indonesia

Survey 4 4 0 0 0 0 8
Audit 1 4 0 0 0 0 5
ASEAM 1 4 0 0 0 0 5
DOE-2 0 0 0 0 0 0 0

Malaysia
Survey 23 4 0 3 0 2 32
Audit 2 2 1 0 0 0 5
ASEAM 12 3 0 1 0 0 16 -,
DOE-2 0 0 0 0 0 0 0

Philippines
Survey 24 7 9 2 3 0 45
Audit 18 3 2 0 1 0 24
ASEAM 26 9 10 2 4 0 51
DOE-2 3 2 1 0 1 0 7

Singapore
Survey 65 0 0 3 0 6 74
Audit 4 2 0 0 0 1 7 .
ASEAM 4 0 0 2 0 0 6
DOE-2 0 0 0 0 0 0 0

Thailand
Survey 1 1 0 1 0 0 3
Audit 6 14 8 2 0 0 30
ASEAM 0 0 0 0 0 0 0
DOE-2 1 1 1 1 0 2 6
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Table 2. Equipment List

With the exception of the Philippines,which received an abbreviatedlist of auditingequipment,
and Singapore,whichreceived a smallershipmentof monitoringequipment,each country'saudit-
ingteam was sentthe followingitems:

Number of Items AuditingEquipment

2 Temperaturerecorder
2 Mercurythermometer
1 Dial thermometer
2 Slingpsychrometer
2 Tachometer
2 Lightmeter
1 Airbalancekit
2 Airvelocity-staticpressurekit
1 Volt-ohm-ammeter

Numberof Items MonitoringEquipment

3 Thermistortemperatureprobe
1 Thinfilmhumiditysensor
1 Digitalclamp-onkH-kHhmeter (up to 200 kW, 500A, 50/60 Hz)
3 Watt transducers- voltageoutputsignal
9 Currenttransducers- voltageoutputsignal
1 Volt-ohm-ammeter
1 Digitalmultimeter
1 Data loggersystem
1 Cassette recorder
1 Recorderinterface

1 Cassette computerinterface(tapereader card forPC,
plussoftware,recordercable, ribboncable)

Table 3. Expenditures on Different Energy Types: Indonesian Hotels

tt

Building Breakdown by Cost (%) Total Breakdown by Energy Equivalent(%)
Elec. Gas Diesel Oil Fuel Oil ($) Elec. Gas Diesel Oil Fuel Oil

Elmi Hotel 85.8 2.5 8.1 3.6 144,957 62.0 6.9 20.5 10.5
Hyatt Hotel 76.0 3.8 11.3 8.9 394,834 49.3 0.5 28.1 22.1
SimpangHotel 79.9 5.8 14.4 0.0 101,350 52.4 10.4 37.1 0.0
Garden Hotel 56.7 2.0 41.1 0.2 349,415 6.1 2.2 87.3 4.4
t

Electricityisfiguredat 1 kWh = 3413 Btu.
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Table 4. Electricity Intensity Averages

Building Country No.of Average Standard
Type Buildings Intensit_ Deviation

(kWh/m')
Offices Indonesia 4 147 18

Malaysia 26 269 168
Philippines 26 235 85
Singapore 65 222 112
Thailand 7 237 90
ASEAN 128 .233 121

U.S. South:1971-83 8,702 263 258
U.S. South:Aliyears 20,719 233 214

Hotels Indonesia 4 287 128
Malaysia 6 285 64
Philippines 9 342 43
Singapore 2 429 90
Thailand 15 311 91
ASEAN 36 318 91

U.S. South:1971-83 116 82 23
U.S. South:Ali years 599 252 96

Hospitals Malaysia 1 250 0
Philippines 10 430 97
Thailand 7 324 126
ASEAN 18 379 122

U.S. South:1971-83 3,201 586 240
U.S. South:Ali years 3,418 571 243

Retail Malaysia 2 483 125
Singapore 2 124 11
Thailand 3 418 63
ASEAN 7 352 167

U.S. South: 1971-83 857 198 231
U.S. South: Ali years 3,724 270 237

Supermarket Philippines/ASFAN 6 265 86

Note: Ali figures for the U.S. building stock were taken from the 1983 Nonresidential Buildings
Energy Consumption Survey users tape, supplied by the U.S. Energy Information Administration.
Ali buildings in the U.S. sample are "100% cooled." The U.S. values have been modified (divided
by 0.9) to account for possible over-estimation of cooled area.

To provide a better comparison to the ASEAN stock, only U.S. buildings with certain characteris-
tics were included in the sample:

- Office buildings with a floor area greater than 10,000 ft2.

- Hotels with more than 2 floors and more than 10,000 ft2 in floor area.

- Hospitals that are large and that are of the in-patient type.

- Retail stores with floor areas between 50,000 and 600,000 ft2.
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Table 6. Breakdown of Electricity Use by Component - Averages

Building Country No.of Consumptionby Component(%)
Type Bldgs. A/C Fans Ltg. Misc.

Offices Indonesia 1 36.6 43.5 11.8 8.1
Malaysia 5 60.1 8.7 23.1 8.1
Philippines 24 45.0 16.2 22.5 15.6
Singapore 4 36.6 13.2 24.2 26.0
ASEAN * 34 46.0 15.6 22.5 15.5
DOE-2 Simulation** 40.0 18.0 23.0 18.0

Hotels Indonesia 4 30.4 27.2 18.5 23.9
Malaysia 3 47.3 13.8 22.8 16.1
Philippines 8 45.7 18.2 16.2 18.2
Singapore 2 48.6 6.8 38.6 6.0
ASEAN * 17 42.7 18.2 20.6 17.7

Hospitals Malaysia 1 49.7 28.2 14.7 7.4
Philippines 8 47.1 9.0 6.6 34.5
ASEAN * 9 47.4 11.1 7.5 31.5

Stores MalaysiaJASEAN* 1 26.9 13.2 46.5 13.4

Schools Singapore/ASEAN* 1 50.0 21.0 22.0 7.0

Supermarkets Philippines/ASEAN* 4 49.9 9.0 6.6 34.5

• ASEAN averages are weightedbythenumberof buildingsauditedper country.

•* Levineet al. (ASEAN/USAID 1989) simulatedan imaginaryofficebuildingwithDOE-2, using
averagecharacteristicsof buildingsin theManilaarea as inputs.
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Table 8. Summary of ECOs

Building BuildingName Descriptionof ECO Indiv. ECO TotalSavings
Type & (AnnualkWh) Savings per Building*
Country (% of elec.) (% of elec.)

Offices:
i Wisma Sier Bldg.Eliminate1-flightelevatortrips 0.2 8.8

(910,000) Replace incandescentlampswithfluorescent 2.2
Replaceover-sizedcoolingtowerpumps 7.4

M JKR Elec. BIk. InstallA/C controls (10% of A/C)
Installefficientfluor,lampsandballasts (28% of Itg)

M PublicWks. Dept.Seal and weatherstripaliwindowsanddoors 0.2 1.4
(258,000) Installefficientlampsand ballasts 1.4

P Nat. PowerCorp,InstallVAV controls 20.2 34.0 **
(4,799,000) Installefficientwater-cooledchillers 14.6

Minimizefresh air intake,to 3.5 I/s/person 14.0
Increasethermostatsetpoint:22 C to 25.6 C 7.0
Replace inefficientchilledwater pumps 1.1
Installcabinetson wallsfor insulation 0.2

P -- Switchoff halfthe AJCcompressorsat lunch 4.8 4.8
Raisesetpointto 25.5C

P -- Reducelightingscheduleby 1-1/2hours 2.7 12.1
Resetthermostatto 25.5C 6.2
ReduceA/C compressorruntime by30 minutes 4.5

P -- Delampentirebuilding 4.5 6.0
Installthermostaticcompressorcontrols

andresetsetpointto 25.5C 1.7
ReduceAiC systemtime by30 minutes 0.5

P -- Delamping 5.3 10.6
Raisesetpointto 25.5C 6.5

P -- Delamp entirebuilding 20.6 35.6
Improvesystempower factor 7.4
Raisesetpointto 25.5C 6.0
Reduce minimumoutsideair 5.6

P -- Delamp 9.4 22.0
Improvesystempowerfactor 4.9
Raisesetpointto 25.5C 6.1
Partiallyreducechillerhours 4.0

P -- Reducelightinghoursby90 minutes 4.2 5.9
Raisesetpointto 25.5C 0.8
Reducechilleroperatingtime by30 minutes 1.5

P -- Delamp andinstallefficientreflectors 14.2 23.2
Turnoff somelightsat lunchtime 1.4
Improvesystempower factor 1.9
Raisesetpointto 25.5C 1.5
ReduceA/C equipment run time 6.8

P -- Improvesystempowerfactor 6.8 10.9
Raisesetpointto 25.5C 3.1
InstallpackageNC for eveningpart load 1.0
Turn offNC at lunchtime 1.2

P -- Delamp andinstallefficientreflectors (50% of Itg) 3.6
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Table 8. Summary of ECOs - Con't.

Building BuildingName Descriptionof ECO Indiv.ECO Total Savings
Type & (AnnualkWh) Savings per Building*
Country (% of elec.) (% of elec.)

Raisesetpointto 25.5C 2.4
Reduceruntime of A/C system 1.6

P -- Delamping 5.2 12.4
Raisesetpointto 25.5C 4.3
Reduce A/C equipmentruntime by30 minutes 2.9
Isolateoff-linecoolingtower 1.4
Raisechillersetpointone degree (3% of chlr)

P -- Delamping 4.7 8.8
Raisesetpointto 25.5C 2.0
Switchoffchillerandaux. 30 minutesearly 1.2
Reduceventilationair 0.5
Use smallerchillerduringlunchtime 1.4

P -- Modifyair flowto air-cooledcondensers 2.8 9.2
Switchoffchiller30 minutesearlydaily 2.2
InstallVAV controls 5.2

P -- Installpowerfactorcorrectingcapacitors 4.3 14.4
Raisesetpointto 25.5C 5.1
ReduceAJCequipmentruntime 3.6
Relocatesomeofficesto lowercoolingload 3.0

P -- Delamping 5.4 5.8
Raisesetpointto 25.5C 1.0
Raise chilledwatersetpointonedegree (6% of chlr)

S AlbertComplex Reduce plantoperationbyonehour "marginal" 1.6
(5,412,000) Reduce infiltrationfrom0.25 ACH to 0.1 "marginal"

Reduce ventilationratefrom 11% to 8% 1.6

S URA Building Reduce ventilationrateto 8% 1.3 1.3
(1,573,000)

S SanfordBldg. Replacesingle-glazingwithdouble 2.1 8.3
(2,238,000) Reduceplantoperationbyone hour 5.1

Reducelightingintensityby 10% 2.1
Reduceventilationrate from7% to 5% 1.3

S JurongTown Ill. Reducelightingwattageby 5% 1.2 2.7
(2,037,000 Delay plantstartingby15 minutes 1.8

T Siam MotorBldg.Daylighting (50% of Itg)
T Thai Farmers BkInstallinletvane VAV controls 30.5 51.0 **

(15,518,000) Install heat exchangerfor incomingair 20.0 ##
Minimize fresh air intake 10.6
Lower w/w ratio from 0.95 to 0.35 23.3

Hotels:

I Elmi Hotel Reduce lamp wattage by 8,730 1.1 10.4
(2,955,000) Reduce infiltration: 2 ACH to 1.5,and 1 to.6 0.3

Reduce oper'g hours: 16 to 10 0.7
Increase COP: 3.5 to 4.5 9.5

I Hyatt Hotel Rais_ thermostat setpoi_t: 72 F to 77 0.4 0.5
(6,775,000) Reduce operating hours: 12 to 10 0.1
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Table 8. Summary of ECOa - Con't.

Building BuildingName Descriptionof ECO Indiv.ECO Total Savings
Type & (AnnualkWh) Savings per Building*
Country (% of elec.) (% of elec.)

I SimpangHotel Raise thermostatsetpoint:72 F to 77 1.8 6.4
(1,763,000) IncreaseCOP: 2.5 to 4.0 5.3

I GardenHotel Daylighting 2.9 2.6
(870,000)

M Pan Pacific Replace corridorincandescentswith13W SLs 0.6 15.5
(13,984,000) Increasechilledwater leavingtemperature 0.5

InstallVAV controls 16.1

M HolidayInn KL Replace incandescentswith fluorescentlamps 9 21.6
(4,700,000) Raisesetpoint 3

Chilleroptimisercontrols 12

P -- Turnoff chillereqpt. for 2 hrs. at night 2.8 2.8
Raisechilledwater set pointonedegree (6% of chlr)

P Intercon.Manil. Use onlyonetransformer,reduce losses 0.6 12.0 ##
(6,989,236) Installhigh-efficiencychillers 7.8

InstallVAV system 3.3
Variablespeed chilledwater pumping 1.6
Cogen (scenarioB):centrf.chiller,550kWgen. (40% of engy$)

T CentralPlaza InstallinletvaneVAV controls 10.8 21.2
(10,686,000) Installheat exchangerfor incomingair 12.9 ##

Hospitals:
M Gen.Hos.Ch.Wrd.Sealand weatherstripali windowsanddoors 0.2 2.6

(807,000) Replace water-cooledA,/Cwithwindowunit 1.6
InstallVAV controls 1.1

P -- Delamping (50% of Itg.)
P MakatiMed.Ctr. Cogen (scenarioC):abs.chlr.,500kWgeneratr. (48% of engy$) ##

(8,102,000) Cogen (scenarioD):abs.chlr.,720kWgeneratr. (62% of engy$)
ShoppingCtrs:

T Charn Issara Installinlet vaneVAV controls 1.9 7.9 ##
(4,543,000) Installheat exchangerfor incomingair 3.0

Combinationof VAV and heat exchangerECOs 3.9

Supermarkets:
P -- Disconnectunusedlightingballasts 3.0 11.8

Replace over-sizedmotors 0.2
Improveinsulation,infil.,roofreflectance 2.7
Keep fans, filters,and coolingcoilsclean 7.2

• When a buildinghas multipleECOs, the total savingsis usuallyless than the sum of the savings
from the individualmeasures, because of the measures'overlappingeffects. Exceptwhere noted
otherwise by**, the savingstotalfor buildingswith multipleECOs is 10% lower than the sum of the
individualmeasures.

•* The buildingsavingstotalwas derivedby modelingsimultaneouslythe separate measures.

For purposesof confidentiality,the buildingis left anonymous.

# A/C ECO payback:2.8 years; lightingECO payback:3.3 years.

## See also separate financialanalysisof these ECOs.
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Table 9. Summary of Savlngs by ECO Type

ECO Type No. of AverageSavings
Cases Per ECO

(% of Bldg.Elec.)

ElectricalSystem:
Raisepowerfactor 5 5.1%
Lowerexcesstransformercapacity 1 3.3%

Air ConditioningSystem:
InstallVAV controls 8 12.6%
InstaLLheat-exchangerfor incomingair 3 12.0%
Installhigh-efficiencychillers 4 9.6%
MaintaincleanAHU filters,coolingcoils 1 7.2%
Minimizeoutdoorair intake 7 6.0%
Optimizemultiplechilleroperation 3 4.9%
RaiseNC condensertemperature 1 4.1%
Replace over-sizedelectricmotors 2 3.8%
Raise setpointto 25.5C 17 3.6%
Relocateofficesto lowercoolingload 1 3.0%
Modifyairflowto condensers 1 2.8%
ReduceA,/Cequipmentruntime 17 2.3%
Installvariablespeed pumps 1 1.6%
Installsmall A/C for separatespaces 2 1.3%
Installhigh-efficiencypumps 2 1.3%

Lighting:
Lowerlightingwattage 17 5.1%
Reducelightinghours 3 2.8%

Envelopemodifications:
Lowerwindow-wallratio 1 12.7%
Installdouble-glazedwindows 1 2.1%
Insulation,infiltration,roof absorption 5 0.8%

Elevators:
Eliminate1-floorelevatortrips 'i 0.2%
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Table 10. Air Conditioning ECO Financial Analysis - Thailand Audits

ScenarioAvoided Savings Savings Operat'g Net Invest. Simple
Elec.Cost (% of total (% of NC Cost Savings Cost Payback
(Baht/yr) elec.) elec.) (Baht/yr) (Baht/yr) (Baht) (yr)

Vibhavadee Hospital:A/C electric- 404,900 kWh

D 8_,,168 13.2 26,190 54,978 420,000 7.64
I 130,720 21.2 26,_90 104,530 1,110,000 10.62
X 203,605 33.1 41,000 162,605 606,000 3.73
DX 232,865 37.8 67,190 165,675 1,026,000 6.19
IX 258,419 42.0 67,190 191,229 1,716,000 8.97

Hyatt CentralPlaza Hotel:A/C - 6,747,000 kWh, total-10,686,000 kWh
D 1,012,650 4.2 6.7 33,600 979,050 918 0.00
I 2,607,977 10.8 17.2 33,600 2,574,377 2,604,000 1.01
X 3,105,956 12.9 20.5 400,000 2,705,956 2,800,000 1.03
DX 3,923,620 16.3 25.9 433,600 3,490,020 3,718,000 1.07
IX 5,087,724 21.2 33.5 433,600 4,654,124 5,404,000 1.16

MahidolUniversitySalaya Campus Library:A/C electric- 881,100 kWh
D 313,028 23.4 14,400 298,628 522,000 1.75
I 450,607 33.6 14,400 436,207 1,116,t_00 2.56
X 429,370 32.1 150,000 279,370 1,436,000 5.14
DX 594,048 44.4 164,400 429,648 1,958,000 4.56
IX 693,147 51.8 164,400 528,747 2,552,000 4.83

Thai Farmers Bank Building:total electric- 15,518,000 kWh
D 3,106,728 19.1 86,400 3,020,328 3,132,000 1.04
I 4,950,336 30.5 86,400 4,863,936 6,696,000 1.38
A 1,727,632 10.6 0 1,727,632 180,000 0.10
AD 4,485,824 27.6 86,400 4,399,424 3,312,000 0.75
AI 5,993,360 36.9 86,400 5,906,960 6,876,000 1.16
B 2,654,224 16.3 0 2,654,224 1,876,101 0.71
BD 5,174,688 31.9 86,400 5,088,288 5,008,101 0.98
BI 6,536,912 40.2 86,400 6,450,512 8,572,101 1.33
C 3,780,696 23.3 0 3,780,696 3,572,202 0.94
CD 6,023,456 37.1 86,400 5,937,056 6,704,202 1.13
CI 7,211,944 44.4 86,400 7,125,544 10,268,202 1.44
X 3,243,823 20.0 803,000 2,440,823 4,880,000 2.00
DX 5,180,858 31.9 889,400 4,291,458 8,012,000 1.87
IX 6,485,054 39.9 889,400 5,595,654 11,576,000 2.07
AX 4,415,661 27.2 803,000 3,612,661 506,000 0.14
ADX 6,019,857 37.1 889,400 5,130,457 8,192,000 1.60
AIX 7,074,995 43.6 889,400 6,185,595 11,756,000 ; .90
BX 5,204,907 32.0 803,000 4,401,907 6,756,101 1.53
BDX 6,671.339 41.1 889,400 5,781,939 9,888,101 1.71
BIX 7,619,392 46.9 889,400 6,729,992 13,452,101 2.00
CX 6,164,351 38.0 803,000 5,361,351 8;452,202 1.58
CDX 7,468,243 46.0 889,400 6,578,843 11,584,202 1.76
CIX 8,288,694 51.0 889,400 7,399,294 15,148,202 2.05

Charn Issara ShoppingArcade:totalelectric- 4,543,000 kWh
z D 182,484 1.1 25,000 157,484 240,000 1.52

I 312,676 1.9 25,000 287,e76 388,00(J 1.35
X 481,288 3.0 75,000 406,288 718,000 1.77
DX 553,814 3.4 100,000 453,814 958,000 2.11
IX 627,097 3.9 100,000 527,097 1,106,000 2.10

ECO Code:

Base case (fixed supplycfm, evap T = 45 F, no heat exchanger)
D = Dischargedam#er - VAV. A = Reducedmax st,,_plycfm - 712,870. W/w left at 0.95.
I = Inletvane guide - VAV. B = Reduced max supplycfm - 638,230. W/w loweredto 0.65.
X = Heat exchanger. C = Reducedmax supplycfm - 548,050. W/w loweredto 0.35.
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Table 11. Cogeneration Scenarios - Specifications and Financial Analysis

Makati MedicalCenter
IntercontinentalHotelManila

Scenario Rel.to Chiller Gen.Size Gener. Gener. Abs.Chlr. Elec.
Grid Type Criterion Size Loading size Sell-back

(kWe) (tons) (kWh)

Mak A Off Absorp. Totl.elec. 1260 Elec.demand 693 N.A.
Mak B On Centrif. Max.therm. 620 Full N.A. O
Mak C On Absorp. Min.NC 500 Full 275 O
Mak D On Absorp. Max.NC 720 Full 396 656,700
Mak E On Centrif. Min.elec. 750 Full N.A. O
Mak F On Absorp. Max.elec. 720 Heat demand 396 O

IntA On Absorp. Min.elec. 350 Full 190 O
Int B On Centrif. Min.elec. 550 Full N.A. O

FinancialAnalysis

AnnualEnergyUse:
Makati: Electricity: P 16,204,000 (8,102,000 kWh)

Fuel Oil: P 806,000 (285,768 liters)
Total: P 17,010,000

Intercontinental: Electricity: P 13,978,472 (6,989,236 kWh)
Fuel Oil: P 1,419,371 (503,323 liters)
Total: P 15,397,843

Cogen Expense Oper'g Net Cost Net Cost Invest. Simple Comments
Scenario Avoided Costs Savings Savings Cost* Payback

(Pl000) (Pl000) (Pl000) (%) (Pl000) (yr)

Mak A 16,204 7,848 8,356 49.12 30,429 3.64 Excessivewasteheat
Mak B 11,474 5,488 5,986 35.19 14,973 2.50
Mak C 12,697 4,453 8,244 48.47 12,680 1.54
Mak D 16,861 6,336 10,525 61.88 16,603 1.58
Mak E 13,706 6,596 7,110 41.80 17,205 2.42
Mak F 15,730 6,568 9,162 53.86 16,603 1.81

IntA 9,427 4,993 4,434 28.80 12,075 2.72
Int B 13,694 7,551 6,143 39.90 16,208 2.64

• The costof chillersis not includedin the investmentcost.

1-23



Table 12. Daylighting Simulation - Philippines

AnnualElectricityUse

Case 1:As-Is - BothNaturaland ArtificialLight (kWh)

Space CIg. HVAC Aux. Lights Misc. Total

Nat.SteelCorp. 515,830 146,467 144,950 283,492 1,090,539
Phil.Nat.OilCo. 1,176,963 495,099 435,661 1,007,629 3,115,352
ChinaBank 1,052,250 383,780 237,918 932,487 2,606,435
Cmptr.lnfo.Sys. 390,715 180,757 76,900 75,690 724,062

Average 783,890 301,526 223,857 574,825 1,884,097

Case 2: AliArtificialLight (% changefrom Case 1)

Space CIg. HVAC Aux. Lights Misc. Total
Nat.SteelCorp. -0.6% -6.1% 71.6% 0.0% 8.4%
Phil.Nat.Oilco. -1.4% -7.2% 56.8% 0.0% 6,3%
ChinaBank 0.0% -3.0% 142.5% 0.0% 12.6%
Cmptr.lnfo.Sys. -0.3% -0.6% 15.7% 0.0% 1.4%

Averag_ -0.7% -4.7% 78.4% 0.0% 8.3%
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ASEAN BUILDING ENERGY DATABASE

Prepared by:

J.F. Busch

LawrenceBerkeleyLaboratory
Universityof California

Berkeley,California,USA
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BuildingName City Cntry Bldg Year Analyst Audit Date Entered Gross Cond. No.of No. of Wall

Type Built Type By Area Area Roors Rooms Type
(sqm) (sqm) or

Beds

IndustrialDept. Jakarta I Off 81 Ditaba S 5/17/'89 Busch 39,655 32,816 20 X

ReligionDept. Jakarta I Off 85 Ditaba S 5/17/89 Busch 28,250 21,131 8 X
PublicWorks Jakarta I Off 84 Ditaba S 5/18/89 Busch 14,678 14,678 8 X

Wisma Sier Surabaya I Off Prasetio EAS 5/18/89 Busch 8,835 6,072 6 M
MaybankTower KL M Off Kannan SE 5/19/89 Halim 176,800 86,820 44

DayaBumi Complex KL M Off Kannan SE 5/19/89 Hallm 167,0(X) 108,800 35
PrometTower KL M Off Kannan SE 5/19/89 Halim 39,100 31,000 34

NegaraBank KL M Off 85 Akram S 5/29/89 Deringer 21,888 20,073 19 M

GeneralPostOffice KL M Off 80 Kannan AE 5/18/89 Halim 37,230 26,280 8 M
Tun RazakTower KL M Off 82 Kannan E 5/19/89 Halim 61,2(X) 32,000 34

MAS Building KL M Off Kannan SE 5/19/89 Halim 31,500 29,600 35
KuwasaTower KL M Off Kannan SE 5/19/89 Halim 52,200 42,700 25

Min.ofInformation KL M Off 67 Dangroup S 7/17/89 Deringer 26,300 25,900 10
BumiputraBank KL M Off 80 Dangroup S 7/17/89 Deringer 35,800 23,000 34 M

City Hall KL M Off 83 Masjuki S 5/29/89 Deringer 38,955 28,990 29

BagunanBukota KL M Off 83. Masjuki S 5/29/89 Deringer 26,658 24,008 24
Pertamian Bank KL M Off 77 Dangroup S 7/17/89 Deringer 30,O(X] 20,700 27

Wisma Sime Darb KL M Off 84 Masjuki S 5/29/89 Deringer 56,500 45,500 20

LuthBuilding KL M Off Kannan SE 8/19/89 Halim 33,000 28,500 39
Plaza MBF KL M Off 84 Masjuki S 5/29/89 Deringer 29,823 23,781 25

LLN, Bldg.NLDC KL M Off 77 Dangroup S 7/17/89 Deringer 16,500 13,600 6
EmpI.Prov.Fund KL M Off 70 Masjuki S 5/29/89 Deringer 6,496 6,130 5 M

Chung KhiawBank KL M Off Kannan SE 8/19/89 Halim 15,000 10,400 16
Min.of Finance,BIk.9 KL M Off 77 Dangroup S 7/17/89 Deringer 18,600 17,500 17

PNBTower KL M Off Kannan SE 8/19/89 Halim 52,450 47,200 43
Math Faculty KL M Off 76 Akram S 5/29/89 Deringer 4,133 2,169 4 M

GeologyFaculty KL M Off 76 Akram S 5/29/89 Deringer 11,120 8,400 5 M

PetronasBldg. KL M Off 74 Dangroup S 7/17/89 Deringer 2,700 2,600 9
Drainage& Irrigation KL M Off Kannan E 4/18/90 Loewen 8,281 4,881 4 M

PublicWorks Dept. KL M Off 72 Kannan AE 8/18/89 Halim 2,715 1,521 4 M
AgricultureBank KL M Off Kannan S 8/19/89 Halim 28,2(X) 25,500 24

Central Bank Manila P Off P6 SE . 12/1/87 Santos 129,778 109,791 M

SocialSecuritySys. Quezon City P Off P6 ASE Marasigan 30,753 13,492 12 M
B A Lepanto Makati P Off P6 SE 9/3/87 Santos 31,076 21,315 20 M

Citibank Makati P Off P6 ASE 2/14/89 Santos 23,963 17,999 18 M
EasternTelecoms. Makati P Off P6 ASE Santos 19,784 11,842 13 M

Metrobank Makati P Off P6 ASE 2/17/88 Santos 23,068 18,463 20 M

NationalPowerCorp. Quezon City P Off P6 ADE 2/16/88 Santos 18,290 15,881 3 M
Dev'tBankof Phil. Makati P Off P6 SE 1/25/88 Santos 24,328 15,506 12 M

MetroW & S System Quezon City P Off P6 ASE 11/21/88 Marasigan 25,257 21,474 6 M

InsularLife Makati P Off P6 ASE 10/21/88 Santos 25,721 20,323 14 M
Bur.ofInternalPev. Quezon City P Off P6 SE 1/11/88 Santos 30,494 18,572 12 M

PetrophilCorp. Makati P Off P6 ASE 11/4/88 Santos 14,451 11,057 12 M

ChinaBank Makati P Off 69 P6 ASED 11/23/88 Loewen 13,273 10,597 15 C
NationalLifeIns. Makati P Off P6 ASE 1/10/89 Santos 13,142 9,269 12 M

King'sCourt Makati P Off P6 SE 9/14/87 Santos 11,663 9,516 3 M

NationalSteelCorp Makati P Off 74 P6 ASE 10/4/88 Loewen 9,04,t3- 6,426 7 M
Phinma Makati P Off P6 ADE 8/31/88 Santos 4,053 2,683 8 M

BLISSBuilding Makati P Off P6 SE 7/29/88 Santos 7,150 5,251 5 M

NestlePhilippines Makati P Off P6 SE 7/26/88 Santos 7,625 5,555 5 M
Tech.ResearchCir. Makati P Off P6 ASE 12/9/88 Santos 4,256 3,668 5 M

Dept.ofTrade & Ind. Makati P Off P6 ASE 11/9/88 Santos 9,322 8,220 5 M
Phil.CoconutAuthorit Quezon City P Off 1=6 ASE 3/15/89 Marasigan 9,441 7,332 8 M

Computer InfoSyste Pasig P Off 84 P6 ASE 3/9/89 Loewen 7,506 4,739 3 M
Far EastBank Manila P Off P6 SE 11/3/87 Santos 6,771 5,348 8 M
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BuildingName City Cntry Bldg Year Analyst Audit Date EnterKI Gross Cond. No. of No. of Wall

Type Built Type By Area Area Roor= Rooms Type
(KIm) (KIm) or

Beds

Phil.DepositIns. Corp Makati P Off 74 1=6 . ASE 10/28/88 M_a4dgan 1,737 1,488 4 M
PhiI.Transm.Calrriers Makati P Off 1=6 ASE Santos 2,084 1,274 5 M

COM CENTRE Singapore S Off 78 Wong S 8/16/89 Tan 57,878 37,816 33 M

SDB18 Singapore S Off Gan, Hul S 5/7/90 Loewen 77,037 50,907 '

SDB26 Singapore S Off Gan, Hui S 5/7/90 Loewen 75,021 61,291
SDB29 Singapore S Off Gin, Hui S 5/7/90 Loewen 114,151 69,784

SDB74 Singapore S Off 1974 Gan, Hui S 5/7/90 Loewen 29,671 25,336 30
PUB Bldg. Singapore S Off 77 Wong S 8/16/89 Tan 77,218 41,575 17 M

CPF Building Singapore S Off 76 Wong S 8/16/89 Tan 50,329 31,770 46 M
UOB Building Singapore S Off 74 Wong S 8/16/89 Tan 24,418 15,316 30 M

SDB50 Singapore S Off Gin, Hul S 5/7/90 Loewen 39,086 24,031
SDB59 Singapore S Off Gan, Hui S 5/7/90 Loewen 45,095 41,018

SDB27 Singapore S Off Gin, Hui S 5/7/90 Loewen 38,622 28,526

Nbert Complex Singapore S Off 83 Wong A 8/16/89 Tan 30,079 26,647 19 C
SDB36 Singapore S Off 1979 Gan, Hui S 5/7/90 Loewen 21,124 12,302 21

SDB71 Singapore S Off Gan, Hui S 5/7/90 Loewen 53,483 34,153

SDB32 Singapore S Off 1974 Gin, Hui S 5/7/90 Loewen 24,278 12,618 12
SDB24 Singapore S Off Gin, Hul S 5/7/90 Loewen 31,929 19,144

SDB31 Singapore S Off Gan, Hui S 5/7/90 Loewen 12,297 10,615
Slm Um Tower Singapore S Off 80 Wong S 8/16/89 Tan 22,049 12,448 17 M

InchapeHouse Singapore S Off 74 Wong S 8/16/89 Tan 20,319 9,598 12 C
StraitsTrading Singapore S Off 72 Wong S 8/16/89 Tan 17,342 14,709 21 M

SDB69 Singapore S Off Gin, Hui S 5/7/90 Loewen 24,150 17,297
SDB47 Singapore S Off Gan, Hui S 5/7/90 Loewen 12,483 11,566

SDB33 Singapore S Off Gin, Hui S 5/7/90 Loewen 50,252 32,196

SDB42 Singapore S Off G_n, Hui S 5/7/90 Loewen 19,272 14,153
M/_ine House Singapore S Off 78 Wong S 8/16/89 Tan 18,631 12,506 21 M

SanfordBuilding Singapore S Off 63 Wong A 8/16/89 Tan 22,225 11,355 16 M

SDB68 Singapore S Off Gan, Hui S 5/7/90 Loewen 14,284 12,932
SDB79 Singapore S Off Gin, Hui S 5/7/90 Loewen I0,163 6,666

SDBT0 Singapore S Off Gan, Hui S 5/7/90 Loewen 8,608 6,975

SDB62 Singapore S Off Gin, Hui S 5/7/90 Loewen 65,525 39,684
JTC Bldg Singapore S Off 75 Wong A 8/16/89 Tan 22,296 16,722 5 M

SDB49 Singapore S Off Gin, Hui S 5/7/90 Loewen 15,578 9,609
UOLBuilding Singapore S Off 75 Wong S 8/16/89 Tan 14,747 6,313 16 C

Bankof Bangkok Singapore S Off 78 Wong S 8/16/89 Tan 16,404 8,491 17 M

SDB39 Singapore S Off Gan, Hui S 5/7/90 Loewen 9,667 7,116

SDB66 Singapore S Off Gan, Hui S 5/7/90 Loewen 14,847 9,182
URABuilding Singapore S Off 77 Wong A 8/16/89 Tan 21,906 13,601 9 M

MoscowNarodyn Singapore S Off 75 Wong S 8/16/89 Tan 7,533 5,622 16 M
CentralBuilding Singapore S Off 81 Wong S 8/16/89 Tan 10,495 7,964 5 C

SDB76 Singapore S Off Gin, Hui S 5/7/90 Loewen 11,854 6,537

SDB61 Singapore S Off Gin, Hul S 5/7/90 Loewen 27,279 17,850
DenmarkHouse Singapore S Off 58 Wong S 8/16/89 Tan 5,948 4,442 9 M

ACBBuilding Si:_gapore S Off 80 Wong S 8/16/89 Ten 11,529 5,667 15 M

SDB2 Singapore S Off Gin, Hul S 5/7/90 Loewen 7,661 5,165 12
SDB19 Singapore S Off Gin, Hui S 5/7/90 Loewen 6,383 3,818

SDB21 _,ingapore S Off Gin, Hui S 5/7/90 Loewen 9,804 5,659

Bank of China Singapore S Off 53 Wong S 8/16/89 Tan 8,779 5,759 17 M
SDB28 Singapore S Off Gan, Hui S 5/7/90 Loewen 5,911 4,505

AsiaChambers Singapore S Off 82 Wong S 8/16/89 Tan 10,847 7,676 18 M
, SANCENTRE Singapore S Off 73 Wong S 8/16/89 Tan 11,706 9,187 12 M

Hat Towers Singapore S Off 79 Wong S 8/16/89 Tan 5,896 2,402 21 M

SDB25 Singapore S Off Gan, Hul S 5/7/90 Loewen 5,815 4,193
SDB12 Singapore S Off Gan, Hui S 5/7/90 Loewen 40,913 17,530 7
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BuildingName City Cntry Bldg Year Analyst Audit Data Entered Grou Cond. No.of No.of Wall
Type Built Type By Area Area Roors Rooms Type

(=:lm) (sqm) or
Beds

Bank of East Asia Singapore S Off 75 Wong S 8/16/89 Tan 3,914 2,848 14 C
RealityCenter Singapore S Off 71 Wong S 8/16/89 Tan 4,872 4,024 12 M

SOB9 Singapore S Off Gin, Hui S 5/7/90 Loewan 3,195 2,163 8
SDB6 Singapore S Off Gin, Hui S 5/7/90 Loewan 3,265 2,617 6

SDB77 Singapore S Off Gan, Hui S 5/7/90 Loewan 7,241 4,154
SDB30 Singapore S Off Gin, Hui S 5/7/90 Loewan 13,808 9,353

SDB23 Singapore S Off Gin, HuI S 5;'7/'90 Loewen 2,162 1,470
SDB81 Singapore S Off Gin, Hui S 5/7/90 Loewen 3,730 3,317

SDB43 Singapore S Off Gin, Hul S 5/7/90 Loewen 3,963 1,614

SinChew Jit Po Singapore S Off 75 Wong S 8/16/89 Tan 11,634 6,949 11 M
CommercialUnion Singapore S Off 76 Wong S 8/16/89 Tan 4,036 3,101 12 M

SDB20 Singapore S Off Gin, Hui S 5/7/90 Loewen 3,301 2,277

Ocean Building Singapore • S Off 74 Wong S 8/16/89 Tan 29 M
OCBC Center Singapore S Off 76 Wong S 8/16/89 Tan 51 M

Faber House Singapore S Off 72 Wong S 8/16/89 Tan 12 C
Thai FarmersBank Bangkok T Off 80 Busch SD 5/24/89 Busch 47,536 36,765 18 C

BangkokBank Bangkok T Off Vechphutti A 6/22/89 Busch 122,000 32
Ua-ChuliangBank Bangkok T Off KMITT A 6/22/89 Busch 20,520 20,520 9

BKKMetro Bank Bangkok T Off 76 NEA/AF-E A 6/22/89 Busch 17,900 17,900 16
ThaiMilitaryBank Bangkok T Off MITR/KMITT A 6/22/89 Busch 14,184 13,333 14

Thai Shell Bangkok T Off MITR/KMITT A 6/22/89 Busch 12,165 10,462 9

Srivikorn Bangkok T Off 82 NEA/AF-E A 6/22/89 Busch 6,336 4,800 12

HyattBumi Surabaya I Hot 75 Prasetio EAS 5/18/89 Busch 31,049 18,512 11 169 M

Elmi Hotel Surabaya I Hot 78 Prasetio F.AS 5/18/89 Busch 10,998 7,530 8 144 M

Natour Simpang Surabaya I Hot 79 Prasetio EAS 5/18/89 Busch 6,022 5,510 7 100 M
GardenPalace Surabaya I Hot 83 Prasetio EAS 5/18/89 Busch 17,150 12,618 11 154 M
HiltonHotel KL M HOt 72 Dangroup SE 7/17/89 Deringer 85,100 50,200 38 600 M
Pan Pacific KL M HOt 86 Kannan AE 8/18/89 I-kdim 49,290 35,340 31 600 M

Regent Hotel KL M HOt 74 Dangroup S 7/17/89 Deringer 64,000 51,000 21 350
MerlinHotel KL M Hot 72 S 7/17/89 Deringer 51,000 37,000 20

Holiday Inn KL M Hot 80 Karman AE 8/18/89 Halim 17,930 12,050 19 M

EquatorialHotel KL M Hot 73 Dangroup S 7/17/89 Deringer 26,700 20,300 16 300
PhilippinePlaza Manila P Hot P6 SE 3/15/88 Borja 65,143 48,157 11 M
ManilaPeninsula Mekati P Hot P6 ASE 1/18/89 Boris 70,250 43,631 12 M
Mandarin Hotel Makati P HOt P6 SE 4/26/88 Boris 41,496 28,898 17 M

SilahisInternational Manila P Hot P6 SE 4/6/88 Borja 41,896 30,584 18 M

ManilaGarden Makati P Hot 1=6 SE 6/8/88 Borja 55,602 35,305 17 M

HiltonHotel Makati P Hot 1:)6 SE 6/8/88 Borja 38,973 24,441 20 M
Intercontinental MekatJ P Hot P6 ADE 4/12/88 Marasigan 27,985 21,351 14 390 M

Holiday Inn Manila P Hot 1=6 SE 3/8/88 Marasigan 31,335 20,542 20 M

HyattRegency Manila P Hot P6 ADE 5/15/89 Maraeigan 39,154 16,393 10 M
Century ParkSherato Singapore S HOt 76 Wong A 8/16/89 Tan 31,496 28,313 15 588 M

Golden Landmark Singapore S HOt 83 Wong A 8/16/89 Tan 13,935 12,205 19 400 M

AmbassadorHotel Bangkok T Hot NEA/AF.E A 6/22/89 Busch 112,625 112,625 1030
Shangrila T Hot Surapong A 4/18/90 Loewen 40664 39,100 25 697

Royal Orchid Bangkok T Hot 82 NEA/AF-E A 6/22/89 Busch 54500 54,500 28 775
HyattCentralPlaza Bangkok T Hot Busch SD 5/24/89 Busch 42777 38,500 24 600 M

Mentien Bangkok T Hot KMITT A 6/22/89 Busch 24826 22,311 18 483
Siam intercontinental Bangkok T Hot KMITT A 6/22/89 Busch 30 156 21,555 5 396

Sheraton Bangkok T Hot MITR/KMITT A 6/22/89 Busch 14864 13,104 11 263

TawanaRamada Bangkok T Hot 70 NEA/AF-E A 6/22/89 Busch 140(30 13,000 300

Rams Gardens Bangkok T Hot 81 NEA/AF.E A 6/22/89 Busch 27,465 27,465 372
MontienPattaya Pattaya T Hot 74 NEA/AF-E A 6/22/89 Busch 15,000 14,000 15

Chieng Mai Occhid C,hleng Mai T Hot KMITT A 6/22/89 Busch 18,570 16,700 267
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BuildingName City Cntry BJdg Year Analyst Audit Dite Entered Grom Cond, No.of No. of Wall
Type Built Type By Area /Vea FloorsRooms Type

(=qm) (_m) or
Bedl

Rrst Bangkok T Hot 70 NEA/AF.E A 6/22/89 Busch 7,100 7,100 10 222

M_nhattin Bangkok T Hot Surapong A 4/18/90 Loewen 12,052 8,436 200
ChiengInn Chiing Mai T Hot KMITT A 6/22/89 Busch 10,800 10,800 170

Lee Garden Bangkok T Hot KMITT A 6/22/89 Busch 7,347 6,465 122

Gen.Hosp.-C,hilds.Wa KL M Hoe 87 Kinnin A 8/18/89 Halim 5,540 3,270 2 60 M
MakatiMed Ctr Mid(aU P Hoe 1=6 SE 11/4/87 I_mudgan 32,152 30,369 10 M

LungCanter Quezon City P Hoe P6 SE 1/28/88 Marulgin 39,026 20,859 3 M
UST Hospital Manila P Hos 1=6 SE ' 2/5/88 Maruigan 19,336 17,420 5 M
ManilaDoctors Manila P Hoa P6 SE !/22/88 Marludgin 11,191 8,724 7 M

Sr.Luke's Quezon City P Hol P6 ASE Maruigin 15,179 6,521 6 M
CardinalSanto== Gqeenhills P Hoe 1=6 ADE Mluludgin 11,365 6,877 5 M

ManilaMedicaJ Manila P Hos 1=6 SE 6/15/88 M4umdgin 19,981 7,410 11 M

Capitol Medical QuezonCity P Hos 1=6 SE 4/3/88 Maruigin 7,560 4,122 7 M
UDMC Manila P Hoe 1=6 SE 6/3/88 Maruigin 12,868 4,459 11 M

FEUHospital Manila P Hoe 1=6 SE 2/2/88 Marasigin 7,534 2,769 5 M

NakornChiang Mei Chieng Mai T Hos KMITT A 6/22/89 Busch 58,614 58,614 440

Hua Chiew Bangkok T HOe 77 NEA/AF.E A 6/22/89 Busch 15,400 750
Sametivej Bangkok T Hoe 80 NEA/AF.E A 8/22/89 Busch 16,500 16,500 200

Bumrungraj Bangkok T Hoe KMITT A 8/22/89 Busch 15,811 9,395 7 200

Sr.Louis Bangkok T Hoe 79 NEA/AF.E A 6/22/89 Busch 24,000 5,000 220
Sukumvit Bangkok T Hoe 56 NEA/AF-E A 6/22/89 Busch 7,600 7,600 72

Kluay Nam Tai Bangkok T Hoe KMITT A 8/22/89 Busch 5,533 963 250

Ampsng Park S.C. KL M Sto 71 Dingroup S 7/17/89 Deringer 27,000 13,000 4

Jays Complex KL M Sto 73 I_ngroup S 7/17189 Dlringer 15,500 12,000 4

SungaiWang Plaza KL M Sto 77 Dangroup SE 7/17/89 Deringer 89,000 56,000 5

World Trade Canter Singapore S Sto 78 Wong S 8/16/89 Tan 90,923 43,159 13 M
CliffordCir. Singapore S Sto 75 Wong S 8/16/89 Tan 42,147 28,850 29 M

MaxwellHouse Singapore S Sto 71 Wong S 8/16/89 Tan 13 M
Metro Dept.Store Bangkok T Sto 81 NEA/AF.E A 8/22/89 Busch 10,100 4

CharnIsseraSh.Cir. Bangkok T Sto 85 Busch SD 5/24/89 Busch 9,900 9,900 4 M

Cathay Dept.Store Bangkok T Sto 82 NEA/AF.E A 6/22/89 Busch 5,000 4,000 4

Glori'a- Rotes Quezon City P Sup P6 SE 6/3/88 Maruigin 3,266 2,242 1 M

Chern/- ShawAve. Mandaluyon P Sup P6 SE 7/7/88 IVku'aslgin 3,260 2,404 M

Glorl's- Del Monte Quezon City P Sup I=6 SE 6/I/88 Marallgan 2,135 1,784 2 M

Glori's- T.Sora QuezonCity P Sup P6 SE 6/16/88 Marasigan 2,206 1,251 1 M
Thrittway QuezonCity P SUp P6 ADE Marasigan 4,354 2,845 1

Queen's QuezonCity P Sup 1=6 SE 7/6/88 Marasigan 403 292 1

PertamaComplex KL M X 76 Dingroup S 7/17/89 Derlnger 55,0(X) 31,000
CampbellS.C. KL M X 74 Dingroup S 7/17/89 Deringer 23,000 19,500

Shell (Raffles) Singapore S X 82 Wong S 8/16/89 Tan 75,797 57,690 47 M

MidlandBuilding Singapore S X 83 Wong S 8/16/89 Tan 3,723 2,584 9 M
ThongC.,haiBldg. Singapore S X 76 Wong S 8/16/89 Tan 7,488 5,191 10 M

Ching KwanHouse Singapore S X 70 Wong S 8/16/89 Tin 22 M

ShawHouse Singapore S X 58 Wong S 8/16/89 Tan 10 M
Tat Lee Bldg. Singapore S X 84 Wong S 8/18/89 Tin 16 M
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BuildingName Window Window Ext. Window OTTV Ugh_ Prooee Oocup Oogup. Zone Supply VAC Chiller Chiller
Type Shade Shade to-Wall Loads Den=dry Houri Tamp Air Type Type Capa¢.

Coof Type Ratio (W/aM:lm)(W/IKIm Type (KIm/ (hrs/ (C) (1000 (Tons)

pots) ,wkI '/'t

IndustrialDept. T 48 C C 900

ReligionDept, T 48 CS C 850
PubltoWorks T 48 S 720

Wisma Star T 0.53 0.45 7.6 51 20.0 RW

Mayl:_nkTower T 0.60 0,60 54 VC 24,0 287 V C 750

Days Bumi Complex R 0.70 0.83 44 VC 23.0 457 V C 1,000
PrometTower R 0.27 0.51 63 VC 24,0 171 C C 400

NogaraBank T E 0,F" 14,0 10.2 45 24,0 V C
General PostOffice T 0.60 H 0.b8 66 VC 20.6 105 23,0 192 C C 1,200

Tun l:_.zakTower T 0.28 0,80 45 VC 23,0 232 C C 400

MASBulldlng R 0.53 0.67 50 VC 23.0 158 V C 400
KuwasaTower R 0.27 _n.40 30 VC 25.0 504 V C 600
Min.of Information H V C 555

Bumiputra Bank T H 0.21 61 PC

CityHall 0.00

Bagunan Bukota 0.00
PertamlanBank H V C

Wlsma Sims Darb 0.00

LuthBullding T 0.50 0.52 51 VC 213
Plaza MBF 0.00

LLN, Bldg.NLDC C E 18.0 24.0 C
EmpI.Prov.Fund T H 0,00 15.0 47

Chung KhiawBank R 0.40 1.00 77 VC 23.0 82 V C 300
Min,ofRnanco, BIk.9 C H V
PNBTower T 0.68 0.27 45 VC 23.0 364 V C 450

Math Faculty V 0.00 15,0 50 24.0 C C

GeologyFaculty V 0.00 12.0 50

PetronasBldg. 77 S
Drainage& Irrigation 0.00 0.60 51 24.0 55 C 170

PublicWorksDept. T 0.70 H 0.50 41 13.6 C 14.1 39 22.0 14 C R
A_ricultureBank T 0.68 0.43 VC
CentralBank T E 0.26 20.6 VKX 10,3 53 23,0 C C 2,100

SocialSecuritySys. C 1.00 E 0.40 21.5 VKRX 5.4 50 24,0 CS R 1,248
B A Lepanto T 0.83 E 0.38 12.8 VKX 19.2 65 21.0 C C 670
Citibank C 0.96 H 0.21 16.3 VKX 6,2 65 23,0 VC C 606
EasternTelecoms. T 0.80 E 0.33 13.6 VKX 15.7 45 23.0 V C 315

Motrobank T 0.67 V 0.46 10.1 VKX 13.8 45 23.0 C CR 802

NationalPower Corp. T H 0.71 17.8 VKX 10.8 52 23,0 C C 624
Dev't Bankof Phil. T 0.80 E 0.64 20.2 VKX 9,5 58 24.0 CS CR 1,100

Metro W & S System T 0.83 H 0.63 21.8 VXK 8.0 45 24.0 CS CR 755
InsularUfe C 0.96 E 0.59 2.0 VKX 12.3 64 25.0 C C 900
Bur.ofInternalRoy. T 0.83 H 0.56 20.9 VXK 10.7 48 25.0 C C 616

PotrophilCorp. T 0.80 E 0.26 24.9 VKX 10.5 48 24,0 VC C 582
China Bank T 0.64 H 1.00 17.7 VKX 9,3 60 23.0 C C 640

NationalUfe Ins. T 0.80 E 0.63 21.8 VKX 21.3 55 25.0 C C 300

King'sCourt 1.00 9.6 VKX 14.6 55 24,0 C C 550

NationalSteelCorp T 0.64 H 0,42 12,2 VKX 11.2 49 25,0 C R 270
Phinma T 0.83 E 0.52 25,0 VKX 6.1 49 25.0 S R 180

BUSSBuilding T 1.00 E 0.51 17.9 VKX 9.2 50 21.0 S R 220
NestlePhlllppin_._ T 0.91 V 0.50 21.3 VKX 17.3 45 22.0 S R 288

.

Toch,RosearchCtr. T 1.00 H 0.51 23.1 VKX 25,3 60 22.0 S R 164

Dopt.ofTrado & Ind. C 1.00 E 0.49 12.0 VKX 11,2 45 22.0 CS R 228
Phil.CoconutAuthorlt T 0.96 E 0.10 16.7 VXK 28.9 45 25,0 C C 250

ComputerInfo Syste C H 0.40 11.0 KX 13.9 52 24,0 C R 210
Flu'EastBank 0.91 H 0.45 14.0 VKX 7.5 45 25.0 CF R 220
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_ilding Name i Window Window Ext. Window OTTV Ughte Prooel Oc_up Occup. Zone Supply VAC ChillerChiller
Type Shade Shade to.Wall Loads Density Hours Tamp Air Type Type Capac.

Coef Type Ratio (W/KIm) (W/KIm Type (KIm/ (hre/ (C) (1000 (Tone)

pr,) wk) , ,/e)

Phil.Deport Ins.Corp C 0.64 E 0.35 6,5 VK)( 9,8 43 22.0 S R 90
PhlI,Tranem.Carrlers T 0.83 H 0.38 13.7 VKX 11.6 48 24.0 S R 60
COM CENTRE T 0.70 KVCX 24.0 C C
$uB18
SDB26

SDB29 0.55 41

SOB74 0.43 55 4,100

PUBBldg. T 0.70 V KVCX 53 24.0 C C 6,331
CPF Bulk:ling T 0.70 KVCX 50 24,0 C C 5,944

UOB Building R 0.50 0.76 KVCX 55 24.0 C C 4,115
SOBS0 0,65 45
SOBS0 0.31 44

SOB27 0.33 45

AlbertComplex T 0.50 0.60 13.0 KVCX 74 24.0 CF C 980

SDB36 0.39 45 81 1,400
SDB71 0.50 44

SOB32 0.50 32 53 2,270
SDB24

SOB31 0.24 34

Slm Um Tower T 0.70 H KVCX 95 24.0 C C 36,929

InohapeHouse R 0.50 VCX 53 24.0 C C 2,272
Strldtl Trading T 0.70 KVCX 55 24.0 C C 600
SDB69 0.41 44
SDB47

SDB33

SDB42 0.29 39

MAdneHouN T 0.70 H VCX 55 24.0 C C 2,638

Sanford Building A 0.45 0.74 12.0 KVCX 56 24.0 VF C 480
SDB68 0.66 37
SDB79

SDBT0 0.00 45
SDB62 0.39 44

JTC Bldg T 0.65 E 0.43 12.5 VCX 50 24.0 C C 400
SDB49

UOL Building T 0.70 0.65 KVCX 15 24.0 C C 525

Bank of Bangkok T 0.70 H VCX 55 24.0 C S 1,407
SDB39
SDB65

URABuilding C 0.90 E 0.36 10.5 VCX 47 24.0 C C 190

MoscowNarodyn T 0.70 H 0.73 VCX 50 24.0 C C
CentraJBuilding T 0.70 0.71 KVCX 61 24.0 C C
SDB76

SDB61

DenmarkHoum C 0.90 VCX 50 24.0 C C 1,020

ACB Building T 0.70 V 0.55 KVCX 52 24.0 C C 956
SDB2 0.34 44

SDB19 0.96 44

SDB21 0.26

Bank of China C 0.90 V 0,30 VCX 55 24.0 C C 185
SOB28

Asia Chambers T 0.70 V 0.7e KVCX 58 24.0 C C 260

SANCENTRE C 0.90 V VCX 40 24.0 C R 956

Uar Towers R 0.60 0.63 KVCX 81 24.0 C C t ,407
SDB25 0.29 42
SOB12 0.36 46
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BuildingName Window Window Ext. Window OTTV Ughta Proces Occup O_up. Zone Supply VAC ChillerChiller

Type Shade Shade to-Wall Loads Density Hours Tamp Air Type Type Capac.

Coef Type Ratio (W/sqm) ON/Iv:lmType (KIm/ (hfs/ (C) (1000 (Tons)

per.l wkI .........'/sl

Bankof EastAsia T 0.70 VCX 61 24.0 C C 1,407

I:_alityCenter T 0.70 VCX 50 24.0 C C
SOB9 0.4O 46

SDB6 6.40 45
SDB77

SDB30

SDB23 0.36 43
SDB81 0.28 44

SOB43 45

SinChew ,JltPo C 0.90 V KVGX 55 24.0 C C

Commercial Union T 0.70 VCX 55 24.0 C C 200
SDB20

Ocelm Building T 0.70 VCX 59 24.0 C C

OCBC Center T 0.50 VCX 45 24.0 C C 6,336
Fld3erHouse C 0.90 VCX 56 24.0 C C 280

Thai FarmersBank T 0.34 0.95 24.2 KVCX 7.4 45 24.0 425 C CR 2,320

BangkokBank 22.5
Ua.ChuliangBank 44 10.4 26.0
BKKNk_troBank 20.0 VC 750

Thai MilitaryBank V C 750
ThaiShell C C 720

Srivlkorn 0.25 VC 58 24.0 C 525

HyattBumi T 0.90 V 0.26 12.5 168 22.2 VF C 800
Bmi Hotel T 0.69 E 0.64 16.7 168 26.7 CF R 480

NatourSimpeng T 0.69 V 0.62 12.1 168 23.9 BF C 125
GardenPalace T 0.85 0.24 7.1 168 23.9 BF A 400
HiltonHotel H 52 KVL 168 22.5 FC

Pan Pacific T 0.48 H 0.35 41 5.1 KVI.R 168 22.0 CF C 2,100

RegentHotel H KV 168 FC C 1,170
MerlinHotel E KVL FCW R

HolidayInn T 0.65 V 0.35 41 KVLR 168 22.0 CF C 600
EquatorialHotel E KVR 168 F C 800

PhilippineRaza 0.67 E 0.48 19.8 VKLX 14.3 168 24.0 C C 750
ManilaPeninsula 0.89 E 0.54 9.5 VKIX 19.1 168 24.0 C C 500

MandarinHotel T 0.83 E 0.21 15.9 VKIX 9.1 168 25.0 C C 530

Silahis International 0.83 H 0.38 23.7 VKIX 18.5 168 24.0 C C 600

ManilaGarden 0.83 H 0.76 15.1 VKIX 16.0 168 25.0 C C 450
HiltonHotel 0.83 E 0.39 27.6 VKIX 14.9 168 25.0 C C 450

Intercontinental T 0.67 E 0.45 19.1 VKIX 14.1 168 25.0 C C 450

Holiday Inn 0.67 E 0.45 8.6 VKIX 13.6 158 24.0 C C 500
HyattRegency T 0.89 E 0.41 15.1 VKIX 17.3 168 25.0 C C 400

Century ParkSherato T 0.70 H 0.90 KVCX 168 24.0 CF C 560
GoldenLandmark T 0.70 0.70 KVCX 168 24.0 CF C 500

AmbassadorHotel KVLR 168 FC 3,750

Shangrila 3.9 22.0

RoyalOrchid KVLO 168 FC 2,0(X)
HyMt central Plaza T 0.35 H 0.30 19.2 KVLCX 19.3 168 24.0 225 CF C 1,500
Montien 50 11.5

Siam Intercontinental 8.9 22.0

Sheraton 0.39 168 C 600
TawanaRamada KLV 168 FS 600

llama Gardens KVR 168 25.0 CF 954

MontienPattaya 6.7 KVLR 168 24.0 FS 430
Chieng Mai Orchid
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BuildingName Window Window Ext. Window OTTV UghtJ Proces Oc_p Occup. Zone Supply VAC ChillerChiller

Type Shade Shade to-Wall L.oadl Density Hours Tamp Air Type Type Capac.

Coef Type Ratio (W/sqm) (W/sqm Type (=:lm/ (hre/ (C) (1000 (Tons)

per$! , wk! i/s)

Rrst VKL 168 22.5 R 350

Manhattan

Chleng Inn
Lee Garden

Gen.Hosp.-Childe.Wa T 1.00 H 0.80 42 X 23.0 31 C R 140
MakatiMad Ctr E 0.52 12.1 VKX 10.7 168 22.0 CW C 450

LungCenter H 0.64 19.5 VKX 8.8 168 24.0 CW C 600
USTHospital H 0.34 17.4 VKX 16.4 168 24.0 CSW R 292
ManilaDoctors E 0.23 19.1 VKX 11.7 168 24.0 SW 222
St.Luke's E 0.37 8.6 VX 6.0 168 25.0 W 219

Cardinal Santos E 0.48 7.2 VKX 11.6 168 25.0 CSW C 236
ManilaMedical 0.42 10.6 VKX 13.3 168 24.0 SW 292

CapitolMedicaJ 0.33 16.9 VKX 14.4 168 26.0 CF R 300
UDMC H 0.31 9.6 VX 17.8 168 24.0 W 174

FEUHospital E 0.29 17.1 VX 7.9 168 25.0 W 143

N_orn Chieng Mal
Hul Chtew KVi. 168 CFS 750

Sametivej KLV 168 FSC 656

Bumrungraj 58 9.2 26.0
St.Louis KL 168 SFW 100
Sukumvit 320

Kluay Nam Til

AmpangPirk S.C. V 84 C 750

Jaye Complex V CR C 800

SungaiWang Plaza 31 34.0 V 26.0 C C 456
World Trade Center T 0.70 H 0.43 KVCX 93 24.0 C C 15,488

CliffordCir. T 0.70 0.66 KVCX 60 24.0 C C 1,482
MaxwellHouse T 0.70 KVCX 60 24.0 C C 1,231

Metro Dept.Store 74 26.0 CS 600
(",hamlasersSh.Ctr. T 0.63 S 0.35 53.6 VC 19.8 63 L=;.0 128 CS R 294

Cathay Dept.Store FSR 165

Glort'=- Rocee H 0.10 1.5 KR 7.5 84 24.0 S 105

Cherry- Shaw Ave. H 0.12 13.4 RX 11.0 77 26.0 S 32
Glori's- Del Monte 0.07 7.4 RX 4.0 77 24.0 SW 75

Glori's. T.Sora H 0.16 12.7 RX 7.9 84 25.0 SW 62

Thriffway H 0.14 4.0 RX 71.1 28 26.0 SW 33
Queen's H 0.24 7.8 RX 11.2 60 26.0 W 54

Pertama Complex V C 1,200

Campbell S.C. V CS C 525
Shell (Raffles) T 0.50 KVCX 55 24.0 V C 6,330

Midland Building T 0.70 0.85 VCX 79 24.0 C C 177
ThongChai Bldg. C 0.90 0.39 VCX 55 24.0 C C

Ching KwanHouse T 0.70 E VCX 55 24.0 C C 3,517
ShawHouse C 0.90 V KVCX 55 24.0 C C 878

Tat Lee Bldg. T 0.70 KVCX 51 24.0 C S 2,110
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BuildingName No.of Chlr. DHW DHW Total Peak Total Info. Elect, Elect, AC

Chlrs. Fuel Type Fuel Elec. Demand Energy Souro_ IntensityIntensity Density

(MWh) (kW) (UWh) (kWh/ (kWh/rm (sqm/

stim! or bed) ton)

IndustrialDept. 2 E" 4,044 4043 123 36

ReligionDept. 6 E 3,048 3048 144 25
PublicWorks 0 E 2,532 2532 173 20

Wlsma Sier 910 910 B 150

Mayb&nkTower 27,782. B 320

Days Bumi Complex 10,336 B 95
PrometTower 10,C75 B 325
Negara Bank 3 8,880 3000 B 442

GeneralPostOffice 2 E 8,190 S 312 22
Tun RazakTower 8,160 B 255

MA,5Building 7,400 B 250
KuwaseTower 7,088 B 166

Min.ofInformation 3 E 6,700 259 47

BumiputraBank 4 6,,_--'_X) 274

City Hall 5,7._ B 200
BagunanBukota 4,9@2 B 208
Pe_tamianBank 3 4,800 232

Wisma Sime Darb 4,400 B 97

LuthBuilding 4,161 B 146
PlazaMBF 4,049 B 170

LLN, Bidg.NLDC 4 4,000 294
Empl.Prov.Fund 3,400 B 555

ChungKhiawBank 3,120 B 300
Min.ofP3nance,Blk.9 2,900 166
PN'- Tower 2,643 B 56

Math Faculty 1,898 551 B 874
GeologyFaculty 1,!_96 B 226

PetronasBldg. 1,300 5(X)
Drainage& Irrigation 561 115

PublicWorksDept. 2 E 258 S 170
AgricultureBank B 0

CentralBank E 23,034 B 210 52

SocialSPcuritySys. E 6,028 B 447 11
B A Lepanto E 5,327 B 250 32

Citibank E 5,177 B 288 30
EasternTelecoms. E 4,938 B 417 38

Metrobank E 4,751 B 257 23

NationalPower Corp. E 4,375 4375 B 275 25
Dev'tBankof Phil. E 4,271 B 275 14

MetroW & S System E 4,217 B 196 28
InsularLife E 4,024 B 198 23

Bur.of InternalRev. E 3,909 B 210 30

PetrophitCorp. E 3,235 B 293 19
ChinaBank 2 E 2 _,.u8 B 270 17
NationalUfe Ins. E _ 2.39 B 242 31

King'sCourt E 1,864 B 195 17

NationalSteelCorp 3 E 1,325 B 206 24
Phinma E 1,085 B 404 15

BLISSBuilding E 988 988 B 188.. 24

NestlePhilippines E 981 981 B .t :' 19
Tech.ResearchCir. E g54 954 B 260 22

Dept.ofTrade & Ind. E 924 B 112 36
Phil.CoconutAuthorit E 765 B 104 29

Computer Info Syste 3 E 709 B 150 23
Far E_stBank E 632 B 118 24

-
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BuildingName No.of Chlr. DHW DHW TotaJ Peak Total Info. Elect. Elect. AC

Chlrs. Fuel Type Fuel Elec. Demand Energy Source IntensityIntensity Density
(MWh) (kW) (MWh) (kWh/ (kWh/rm (=cim/

=lm) orbed! ton)

Phil.DepositIns.Corp E 295 B 198 17
Phil.Transrn.Camiers E 227 B 178 21

COM CENTRE E 26,663 705

$DB18 15,784 310
SDB26 12,_0_O 196

SDB29 12,004 172
SDB74 10,439 412

PUBBldg. 2 E 7,740 186 7
CPFF..uildlng 4 E 6,664 210 5

UOB Building 7 E 6,310 412 4
SDB50 6,036 251
SDB59 5,881 143

SDB27 5,705 200

_bert Complex 5 E 5,412 203 27
SDB36 4,846 393

SDB71 4,567 133
SDB32 4,422 350

SDB24 4,377 228

:5DB31 4,280 403
Slm LJmTower 2 E 3,731 300 300

InchapeHouse 2 E 3,364 350 4

StraitsTrading 2 E 3,003 204 25
SDB69 2,679 154

SDB47 2,601 224
SDB33 2,522 78

SDB42 2,340 165
MArine House 2 E 2,334 187 5

SanfordBuilding 3 E 2,238 197 24
SDB68 2,161 167

SDB79 2,144 321

SDB70 2,141 306
SDB62 2,061 52

JTC Bldg 1 E 2,038 122 42
SDB49 1,995 208

UOLBuilding 2 E 1,939 307 12

Bankof Bangkok 2 E 1,909 225 6
SDB39 1,827 257

SDB66 1,691 184

URABuilding 2 E 1,617 119 72

MoscowNarodyr E 1,532 273 273
CentralBuilding E 1,465 184 184
SDB76 1,393 213

SDB61 1,355 76
DenmarkHouse 2 E 1,325 298 4

ACBBuilding E 1,150 203 6

SDB2 1,147 221
SDB19 1,102 288

SDB21 1,097 193

Bankof China 2 E 1,086 189 31
SDB28 1,082 240

AsiaChambers 4 E 1,081 141 30
SANCENTRE 3 E 997 109 10
I.iat Towers 2 E 946 394 2

SDB25 831 198

SDB12 809 46
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BuildingNsme No.of Chlr. DHW DHW Total Peak Total Info. Elect. Elect. AC

Chlrs. Fuel Type Fuel Elec. Demand Energy Source Intensitylntensity Density
(MWh) (kW) (MWh) (kWh/ {kWh/fm (sqm/

s_m I orbed) ton),.

Bank of East Asia 4 E 747 262 2

RealityCenter E 740 184 184
SDB,9 721 333
SDB6 693 264

SDB77 668 160
SDB30 615 66

SDB2.3 501 341

SDB81 442 133
SOB43 327 2O2

SinChew Jit Po E 315 45 45
CommercialUnion 2 E 211 68 16

SDB20 162 710

OceanBuilding E
OCBC Center 2 E
Faber House I E

Thai FarmersBank 5 E 15,518 4160 15518 B 422 16

BangkokBank 14,800 4560 121

Ua-ChuliangBank 3,425 167
BKKMetro Bank 3 E 3,263 3263 B 182 24

Thai MilitaryBank 3 3,215 241 18
Thai Shell 4 E 2,772 265 15

Srivikorn 3 1,237 560 1237 B 258 9

HyattBumi 2 E 6,775 6775 366 23
Elmi Hotel 2 E 2,955 2955 392 16

NatourSimpang 2 E 1,763 1763 320 44
GardenPalace 2 D 870 3877 69 32

HiltonHotel 4 14,200 236 23667

Pan Pacific 3 E H D 13,075 S 370 21792 17

RegentHotel 3 E H 12,200 239 34857 44
MerlinHotel 9 E H 0 11,100 300

HolidayInn 2 E H D 4,700 S 390 20

EquatorialHotel 2 E H D 3,500 172 11667 25
PhilippinePlaza E 16,294 B 338 64
ManilaPeninsula E 11,616 B 266 87

Mandarin Hotel E 10,781 B 373 55
Silahis International E 10,461 B 342 51

ManilaGarden E 10,440 B 296 78
HiltonHotel E 9,758 B 399 64

Intercontinental E 6,989 B 327 47

HolidayInn E 6,742 B 328 41
HyattRegency E 6,684 B 408 41

CenturyPark Shera'=o 2 E 9,596 339 16320 51
GoldenLandmark 1 E 6,328 518 15820 24
AmbassadorHotel 7 E S 0 25,600 37300 B 227 24854 30

Shangrila 17,712 453 25412
RoyalOcchid 4 E SI C 12,859 20886 B 236 16592 27
HyattCentral Plaza 3 E S _. 10,686 18449 B 278 17810 26
Montien 8,112 364 16795

Siam intercontinental 7,787 361 19664

Sheraton 2 5,748 439 21856 22
TawanaRamada 2 E W 0 5,334 B 410 17780 22
Rama Gardens 3 E S 0 4,872 900 6897 B 177 13097 29

Montien Pattaya 2 E S 0 3,757 730 3961 B 268 33

Chieng Mai Orchid 3,360 201 12584
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BuildingName No.of C.,hlr. DHW DHW Total Peak Total Info. Elect. Elect. AC

Chlre. Fuel Type Fuel Elec. Demand Energy Source IntensityIntensity Density
(MWh) (kW) (MWh) (kWh/ (kWh/rra (sqm/

w:lm) or bed) ton)

Rrst E S D 2,976 460 4746 B 419 13405 20

l_nhsttan 2,927 347 14635

ChiengInn 2,147 19Q 12629
toe Garden 1,824 282 14951

Gen.Hosp..Childs.Wa 2 E 817 S 250 13617
MakatiMad Ctr E 8,888 B 293 67

LungCenter E 8,038 B 385 35
UST Hospital E 5,434 B 312 60
ManllaDoctors E 4,371 B 501 39
St.Luke'a E 3,557 B 545 30

CardinalSantos E 2,986 " B 434 29

ManilaMedical E 2,770 B 374 25

CaRpitolMedical E 2,552 B 619 14
UDMC E 1,761 B 395 26

FEUHospital E 1,227 B 443 19

NakornChieng Mai 7,177 122 16311
Hue Chtew 3 E S O 5,556 1400 12431 B 361 7408 21

Sametivej 2 E S O 5,040 960 7762 B 305 25200 25
Bumrungraj 2,688 284 13340
St.Louis 2 E S O 2,568 3888 B 514 11673 50

Sukumvit 3 E S D 1,640 1860 B 216 22778 24

KluayNam Tid 446 463 1784

AmpangParkS.C. 3 7,900 608 17
Jaya Complex 2 4,300 358 15

SungidWang Plaza 4 E H E 123
WorldTrade Center 6 E 4,901 114 3
CliffordCtr. 2 E 3,613 135 18
Maxwell House 1 E

MetroDept. Store 2 E 4,701 4701 B 465 17
Charn IssaraSh.Ctr. 3 E 4,543 1442 4543 S 459 34

Cathay Dept.Store 3 E 1,314 410 1314 B 329 24

Glori'=-Roces E 638 B 285 21

Cherry- ShawAve. E 572 B 238 75
Glori's- Del Monte E 534 B 299 24

Glorl's- T.SOra E 530 B 424 20

Thriftway E 502 B 176 86
Queen's E 49 B 168 5

PertamaComplex 3 10,000 323 25

CampbellS.C. 3 E 3,200 164 37
Shell (Raffles) 3 E 14,256 247 9

MidlandBuilding 2 E 620 240 15

ThongChid Bldg. E 574 111 111
Ching KwanHouse 2 E
Shaw House 1 E

Tat Lee Bldg. 2 E
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APPENDIX B

ENERGY MANAGEMENT

SINGAPORE

Thisreportprovidesanexcellentsummaryof Singapore'senergyauditingactivitiesandfindings
undertakenduringthe joint ASEAN-USAIDProject. Singapore,which alreadyhad a well-
developedenergypolicypriortothe Project,usedtheopportunitytoenhanceitsauditingskills.
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ABSTRACT

This report presents the findingsof Project $3 on Energy Management under Phase III of the
ASEAN-US Energy Co-operation Programme. The work included a survey on office building
energy performance and energy audits on several selected buildings. The Singapore average
energy Intensity for office buildings was found to be 210 kWh/mZ/yr, about 15% lower than the
ASEAN average for office buildings. Broad guidelines for energy management and conservation
opportunities were identified. Recommendations were made for incorporation of these guidelines
into a,revised handbook and for the establishment of perlormance targets and indicators for other
classes of commercial buildings.
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INTRODUCTION

This projecton Energy Managementis sponsoredunderthe SingaporeWorkplanfor Phase III of
the ASEAN-US Energy Co-operationProgramme. The objectiveof this project is to prepare a
manualon energy management in buildingsfor use by buildingowners and professionalsin the
buildingconstructionand maintenanceindustry.

The scope of work includesenergyauditsof existingbuildingsin order to collect sufficient
data to establishthe specificenergyconsumptionof variouscategoriesof buildings. Energysimu-
lationstudieson selectedbuildings,includingsimulationof energyconservationoptions,are to be
performedto considerthe viable optionsin these studies.Finally,a manualon energy manage- •
mentwouldbepreparedbasedonthe findingsofthe studies.

Energy Survey

A preliminarystudyof 81 officebuildingsinSingaporewas conducted[1,2]. These buildings
were identifiedfrom a list of about 200 buildingsclassifiedas public buildings. Publicbuildings
are mostlycommercial buildings,housingoffices,retail stores,and hotels. Questionnaireswere
sent to buildingmanagers requestingdetailsof the air-conditioning,lighting,vertical transporta-
tion, and other mechanical services in their buildings.Questionswere also asked about also
energy conservationor managementmeasures in use. Of these, 38 replies, about 44%, were
receivedby thedue date in September1986.

Some findingsof the postalsurvey are shownin Table B-1. Energyconservationmeasures
taken by the buildings'managementincludedde-lampingin car parksand in areas of lighthuman
traffic;increasinguse of fluorescentlamps,power factorcorrection;and retro-fittingchiller load
optimizationand management systems, lt was also noted that the increased use of micro-
computersand mini-computersystemsfor data processingin the officehas resultedin a general
rise inequipmentloadwithinbuildings.

Besidesdata collectedfromthe postal survey,a compilationof data on each of the buildings
from records made available by the BuildingControlDivision(BCD) of the PublicWorks Depart-
ment (PWD) was made. These data includedfloor area basedon architecturalplans, separated
into air-conditionedand non-air-conditionedareas: OverallThermalTransmittanceValue (OTTV);
fenestrationand wall areas; and overall energy consumptionbased on metered tariff records.
Altogether,data from65 buildingswere obtained.

Thr.,=data were analysed to determinethe average buildingenergy performancebased on
annualenergyuse per unit grossarea (kWh/m2/yr). FigureB-1 showsthe distributionof the build-
ings in the surveyby gross floorarea. Areas usedfor parkingcars were not includedin the com-
putation. The majorityof buildingswere foundto b_ in the smallto medium-sizerange withbuilt-
in areas rangingfrom 5,000 mz to 20,000. On average, the net conditionedarea is about 75% of
the gross area. Figure B-2 showsthedistributionof buildingsaccordingto annualenergyuse per
unit gross area. The average energyintensitywas found to be about 170 kWh/m2/yr and most
buildingsin the sample wouldlie withinthe range of 130 to 210 kWh/m2/yr.The intensitieson the
basis of the netconditionedarea were 210 kWh/m2/yr,and 163 to 262 kWh/m;'/yr,for the average
intensityand the range, respectively.The annualenergy consumptionfor 1983, 1984, and 1985
were used in the computation. The data collectedin this surveyformed the Singaporecontribu-
tion to the ASEAN CommercialBuildingEnergyDatabase [3].

Energy Audits

Completeauditswere conductedon fourofficebuildings. The emphasisof the studywas on
officebuildings,as these formedthe largestgroup within the stockof publicbuildingsin Singa-
pore. The othercriteriaof selectionwere buildingage and buildingsize. The officebuildingsm')n-
itoredwere about 20,000 m2 in grossarea. As can be seenfrom Figure B-l, mostofficebuildings
in the survey were withinthis size range. Constraintsof monitoringequipmentin the quantityof
transducersavailable and measuringcapacityof the transducersalso limitedthe studyto build-
ings within this size range. The buildingsshould also not be too old and two of the buildings
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selectedwere builtin late 1970s, while the othertwo buildingswere more recent. This wouldgive
some indicationof any changesdue to technicalprogresson buildingenergy pedormance. Con-
sent and co-operationof the buildingmanagementin an auditwere soughtbelore the auditpro-
cess began, Even after obtainingagreementto audita building,the auditmay not be conducted.
In one case, the audit was abandoned alter a preliminaryvisit to the site showed that it was
beyondthe capabilityof the equipmentto monitortheinstallation.

Eachcompleteauditcouldbe dividedintothree stages.Stage one consistedoi a preliminary
audit,where the architecturalplans and plans tor the air-conditioningand mechanicalventilation
systems,as wellas the electricalsystem,were studiedto plan the instrumentationand zoningfor
the next two stages. Data on electrical billings for the period of the previous one year was
obtainedto check the consumptionpattern. A buildingsurvey form was used as a check-listfor
collectionoi informationsuchas air-conditioningplantdata andbuildingoperationschedules.This
was followedby a walkthroughof the buildingto conlirmand augmentinformationcollected.

The next stage was diagnosticmonitoringof the electrical system. This took piace over a
period of about two weeks. The building's main and sub-distribution circuits were monitored. At
the same time, air flow measurements in the air-conditioning system were taken and checked
against the design values.

The final stage was energy consumption simulation. The ASEAM-2.1 [4] software was used
in the project. The simulation results were matchedwith the building data to obtain the base simu-
lation case against which parametric runs to test the viability of various energy conserving oppor-
tunities were conducted. Energy-conserving opportunities such as reduction of system operating
hours, adjusting space temperature and humidity, adjusting ventilation rates, and improvement of
chillierCOP were considered.

In addition, electrical consumption monitoring was conducted on two hotels and an institu-
tional building. The hotels were of 400 rooms and 588 rooms capacity and were completed in
1983 and 1976, respectively. The institutional building houses a prolessional school in a univer-
sity.

Brief information of the office buildings and other buildings audited are shown in Tables B-2
and B-3, while the detailed description of each building and the analyses performed can be found
in the section on Case Studies.

Discussion

The energy intensities of the four office buildings audited ranged from 96.6 to 201.9
kWh/m2/yr. This is below the Singapore average oi 210 kWh/m2/yr, based on conditioned area.
Comparing these values, in Table B-4, against the ASEAN office building average of 246
kWh/mZ/yr [3] and setting the latter to an index value of 100, it was noted that the Singapore aver-
age intensity results in a significantly lower value oi 85.4.

The difference between the ASEAN average and the Singapore average can be attributed to
several factors. The first explanation is that the Singapore climate is milder than the other ASEAN
sites, lt was noted by Levine et al [3] that in DOE-2 computer simulations on a generic office build-
ing model, using weather tapes from the four ASEAN cities of Bangkok, Manila, Jakarta, and
Singapore, the results for the Singapore model had the lowest energy intensity. Secondly, the fact
that the Singapore buildings were already complying to the existing regulations [5] and standards
of OTTV, air-conditioning, and lighting intensities could possibly explain the lower intensities.

Thirdly, it was noted in the audits that the building management had already adopted some energy,
conservation measures, such as the generally low lighting intensities ol between 12 to 15 W/m"
(albeit at an illuminance level of the range of 200- 300 lux only), extensive use of fluorescent light-
ing, de-lamping, and reduced operation of air handling units (AHUs) lans during lunch break,
among others.

However, some consideration must also be given to contributing factors such as below aver-
age occupancy in the case of URA building, change to high COP chillers in Jurong Town Hall, and
the generally above average quality oi building maintenance.
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Energyuse accordingto systemsare shownin Table B-5 to be of a similarorder in theoffice
buildings,subjectto the site monitoringconstraintsthatwere imposedby the electricaldistribution
systemservingthe variousservicesin each building.

In summary, the limited numberof cases of full audits conducted in the present project
prevents identificationot the specific energyconservationopportunitiesin Singapore. Neverthe-
less,it is possibleto make several broadobservations.These are:

• Good maintenancepracticeswill resultin improvedbuildingenergyperformance.

• Computer simulationsusingASEAM-2.1 have shown that energycost savingscould
be obtainedin reducingplantoperationtime.

• Measureslike raisingthe setpointtemperatureand reducinginfiltrationproducedonly
marginalresults.

• ReducingAHU operationduringlunchbreaksis effective.

• Replacementof old chillerswith ones havinghighCOP shouldbe consideredin older
buildings.

• Reduced lightingenergyintensityby usinghigh-efficiencyfluorescentlightingis effec-
five.

• Energymonitoringhelpsin identifyingwaste. Long-termenergymonitoringis useful in
buildingmanagement.

Experiencegained in the project has shown the advantages of short-term monitoringof
energy consumptionin buildings.Asa result,a requirementfor the provisionof facilitiesfor short-
term energy monitoringin commercialbuildingswas incorporatedinto the 1989 revisionof the
BuildingRegulations[5].

In the longterm, the broadguidelineson energy managementand conservationwouldbe
relinedandincorporatedintoa revisedenergyhandbook. Energyperformanceindicatorsandtar-
getsfor alibuildingtypes wouldbe established.

CASE STUDIES

Albert Complex

The Albert Complex, Figure B-3, is a new building, having been completed in early 1987.
This building has retail space with a net conditioned area of 12,454 m2 (21,308 m2 gross area,
including 8,854 m2 basement carpark) in a three-story podium, above which sits office space with2 2
a net conditioned area of 14,129 m (14,784 m gross area) distributed in 14 stories. The whole
building is clad with a curtain wall with double-glazed panes at the window areas.

There are two air-conditioning plants serving this building because of a difference in operat-
ing schedules; the retail space operates from 1000 hour to 2130 hour ali year round, and the office
space operates from 0830 hour to 1900 hour on weekdays and 0830 hour to 1300 hour on Satur-
days. The retail space and the office space are each served by a constant volume central air-
conditioning system.

The building was first audited in early January 1988 during the fit-up for the major tenant in
the office space. A second audit was performed in April 1988 after the building was fully occupied.

The electrical consumption profile lor the building is shown in Figure B-4. The base case
simulation energy intensity of the building was 319.6 kWh/m2/year for the retail space and 96.92 2
kWh/m/year lor the office space. The overall pedormance was 198.7 kWh/m/year. The energy
intensities are computed from the energy consumed by the building per unit area over the period
of one year. Areas lor car parks are not included in the computation.

The energy consumed by the various building services are shown in Figure B-5. The per-
centages are as follows:
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Air.conditioning plants 42.5%

AHU fans and cooling towers 12.8%

Lighting and Power (tenants) 15.5%

Miscellaneous (lifts, general lighting, water 29.3%
pumps, basement ventilation fans, restaurant
stand-alone air-conditioning units).

As the building is new, many energy-conserving features have been incorporated into its
design. These Include the use of high-efficiency fluorescent lighting for ali areas and chillers of
high COP. A chiller optimization controller was installed but not put into operation. Nevertheless
energyconservationmeasuresstudiedincluded:

• Shorten plant operating hours (average 1 hour per day);

• Reduce infiltration rate from 0.25 to 0.1 air change per hour; and
• Reduce ventilation rate from 11% to 8%.

lt was found that savings from the first two measures were marginal. The saving from
reduced ventilation was about 85,595 kWh per annum, a 1.6% reduction in energy consumed.

One noteworthy benefit shown by the diagnostic monitoring was that it demonstrated to the
building operator that the load from facade decorative lighting installed for the festive season from
December to January was 50 kW.

URA Building

The URA Building, Figure B-6, is about ten years old. lt houses the administrative offices of
the Urban Redevelopment Authority. lt has 11,987 m2 of office space spread over one basement
level and four upper levels. A mechanically-ventilated carpark oi 6,900 m2 is sandwiched
between the first story and the fifth story. The building is rectangular in form with one of the
shorter walls abutting an adjoining building and the opposite short wall is without any windows.
The windows on the long side walls are shaded by deep fins and horizontal overhangs.

The air-conditioning system consists of a central chilled water plant serving a constant
volume central air system. There were several stand-alone water-cooled packages used for cool-
ing the computerinstallation.

The buildingwas 60% occupiedat the time of the studyand the energyintensitybased on
energy billingsthe previousyear was about 131.2 kWh/reZ/year. This lowvalue couldbe due to
the energy-conservingmeasuresalready adoptedby the buildingoperator. These include:

• De-lampingsurplusfluorescenttubes,

• Installingsolarcontrolfilmson ali windows,and

• Close monitoringof chillersand runningonly one chiller whenever possible. The
chillerCOP was a 4.2.

The annual energy performancefrom the base simulationrun was 1,672,216 kWh, 6.3%
higherthanthe past year's energybills. The base runsuggeststhat operatingone chillerwas not
sufficientfor the load. Yet there were no complaintsfrom the occupants.Further investigations
are in progress. The energyintensitywas 139.5 kWh/m2/yearbased on the simulationresults.

Again, reducingthe ventilationto 8% air supplyrate gave a marginalsaving in energy of
1.3% annual consumption.Reducingthe air supplyrate was anotheralternative, as the design
ventilationrates seemed high. Site measurements,however,showed thatthese alreadyhad been
adjusteddown.

The electricalconsumptionprofileis shownin FigureB-7. The stand-aloneair-conditioning
for the computer system can be seen to be frequently shut down at night, whereas it was
assumedin the simulationthatconstant24-hour coolingwas provided.This could be the cause of
the discrepancyinthe estimate.
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FigureB-8 showstheelectricityconsumptionby the variousservices. These are as follows:

Air-conditioningplants 30.7%
AHU fans 10.0%

ComputerServices 6.9%

Air-conditioningfor computers 9.6%

Lighting,Powerandmiscellaneous 42.8%
(lifts,water pumps,ventilationfans)

Sanford Bulldlng

Sanford Building, Figure B-9, is a 16-store7 office building of 11,357 m2 net conditioned
space (22,233 m2 gross area, including 10,874 m" carpark). II consists of a central core connect-
ing two hexagonal shaped wings. The building envelope consists of a reinforced concrete struc-
ture with infill panels of dark tint laminated glass at the windows and insui.::3d glazed spandrel
panels.

The air-conditioning plant consists oi a central chilled water plant serving a central variable
air volume system in the conditioned space. The chillers COP is 4.70. The building was first
occupied in mid-1983. The building is fitted with energy-conserving mirror optics fluorescent
luminaires. These fittings are ventilated by return air. The lighting energy intensity was about 12
W/m2.

The annual energy consumption simulated from the base run was 2,292,974 kWh which
gave an intensity of 201.9 kWh/m'/year. Current occupancy is about 85%

Electrical consumption profile is shown in Figure B-10. Nothing unusual was discovered in
the consumption pattern during the period of the monitoring. Percent consumption by services is
shown in Figure B-11. These are as follows:

Air-conditioning plant 32 3%
AHU fans 8.6%

Lighting and Power (Tenants) 30.8%

Miscellaneous (lifts, water pumps, 28.4%
general lighting, carpark ventilation fans)

Various energy-conserving measures were simulated; the corresponding reduction in energy
consumption were as follows:

Replace single-glazing with double-glazing 2.1%
Reduce plant and system operation by one hour dai,y 5.1%
Reduce lighting intensity by further 10% 2.1%
Reduce ventilation from 7% to 5% air supply rate 1.3%
Combined measures 2, 3 and 4 8.3%

Jurong Town Hall Building

The Jurong Town Hall building, Figure B-12, is about 13 years old, having been completed
inthe mid-1970s. This buildingsitson a hillsite. lt has a grossarea of 22,300 m2, of whichabout
16,700 m2 is conditionedarea. The buildinghas a semi-basementlevel and four upper levels. A
penthouseis situated on the fifth level. The buildinghas a uniquedesignwhereby the floorson
the upper levelsoverhangthe lowerone. This, combinedwith side fins on either side of the win-
dows, providevery effectivesolarshading. The exteriorwas paintedanoff-white colour.

The buildinghousesthe administrativeoffices oi the governmentbody responsiblefor the
developmentof industrialinfrastructurein Singapore. These offices are locatedat the basement
level, and the first, third, and fourth levels of the building. The second level is leased as ofl,,';e
space to commercial tenants. In addition, there is one large hall, one theatret'te,and the
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penthouse. These latter facilitiesare leased to civic groups for their gatherings on weekends.
There is also a staff sportsand recreationclubhouselocatedon the groundsoi the building.This
clubhousedrawsits electricalpower suppliesfrom the Town Hall building. Powersuppliedto the
clubhousewas recordedmanuallyeveryday. The annual consumptionwas subtractedfrom the
valuesforthe mainbuildingand hencenotconsidered.

The buildingis served by a centralchilledwater plant supplyingchilledwater to centralair-
conditioningsystemsin the building.The central chillingplanthas two 400 RT chillerswith COP
of 5.87 (0.6 kW/RT). At any one time, onechillerwouldbe operating. The centralchillingplant is
new, havingbeen completelyreplacedaboutthree yearsago. The chillers,condenserandchilled
water pumps, and cooling tower fans are provided with frequency-controlledvariable speed
drives,theircapacitiesbeingcontrolledby monitoringthe systems'load onthe plant. However, at
the time of the audit, these energysavingfeatureswere not operational. The reasonfor manual
controlof the systemwas that monitoringworkwas being conducted by the buildingoperators.

Typically, the offices from the second to the fourth levels are divided into four zones on each
level, each served by an AHU. The mali meeting rooms on the first story are served by chilled
water Ian coils while central systems serve the large hall and theatrette. There is also a packaged
chiller serving the theatrette. This either augments the central system or operates independent of
the central plant during the off period. Finally, there are several unitary air-conditioning units that
serve the basement offices and the penthouse.

The plant is operated from 0720 to 1640 hour every weekday, and to 1240 hour on Satur-
day. On Sundays, the plant is operated from 0830 to 1240 hour. On weekdays, AHU fans serving
non-essential zones are switched off for one half hour at 1300 as an energy-conserving means.
Ali the switching operations are controlled from a central programmable time controller.

The electrical consumption profile for the building is shown in Figure B-13. From monthly
records of electrical energy use, the annual consumption for the 12 months September 1987 to
August 1988 was about 2,037.6 MWh. The base case simulation energy use of the building was

2,608.3 MWh, givingoanestimate of about 28% over the metered value. The actual energy inten-
sity was 122 kWh/m"/year against a value of 142 kWh/m2/year based on the base case estimate.
The energy intensities are computed from the energy consumed by the building per unit
conditioned-area over the period of one year.

The energy consumed by the various building services obtained from metered consumption
data are shown in Figure B-14. The percentages are as follows:

Air-conditioning plant, including cooling towers 29.0%

AHU fans and general power 212%

General Lighting 26.3%

Miscellaneous (lifts, security lighting, water 23.5%
pumps, mechanical ventilation fans, and
(stand-alone air-conditioning units)

Although the building was completed before the introduction of energy saving measures
such as OTTV into Singapore building regulations in 1979, it has several features already incor-
porated into its design. The list of energy-conserving features noted in the building were:

• Effective shading by the use of side fins and floor overhang on the upper floors.
• Weather seals were installed in ali windows.

• Replacement chillers with COP of 5.87. Benefiting from hind-sight, the building opera-
tors were able to select the optimum-sized chillers to meet the system demand.

• Use of variable speed controllers for chillers, chilled and condenser water pumps, and
cooling tower fans.

• Use of programmable timers for control ot the air-conditioning plant and AHU fans.
This enabled non-essential zones of the air-conditioning system to be switched off for
one half hour during lunch, lt was estimated from the monitored energy use profile
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that an annual saving of 20,642 kWh or about 1% annual energy saving could be real-
ised by this measure alone.

While most of the energy conservation opportunities listed above are already in practice,
there were some areas that could still be considered. Some of these are as follows:

• lt was noted that while the average lighting power use intensity was about 12 W/m2,
the luminaires were not giving the necessary lighting level at the working plane
because most diffusers were removed, lt is recommended that new mirror-optics type
luminaires that could produce adequate lighting level while maintaining or even lower-
ing energy use should be considered, lt was estimated that a 5% reduction in con-
nected lighting wattage would reduce overall annual consumption by 31 MWh or 1.2%
of annual consumption.

• By delaying the start-up of the plant by 15 n'linutes each day, savings of about 45.6
MWh per year, or 1.8% annual consumption, could be realized.

lt was found that savings from other measures were marginal. These included reduction of
outside air ventilation rate and increasing wall insulation, among others.

Century Park Sheraton Hotel

The Century Park Sheraton Hotel, Figure B-15, is a deluxe class hotel with 588 guest
rooms, lt has 28,313 m2 of conditionedspace out of 31,496 m2 gross area. The hotelwas com-
pleted in 1976. The buildingconsistsof a slightlycurved block housingthe guest rooms above
the slightlylargerpodiumoccupiedby the publicareas and functionrooms. The hoteloccupancy
was above 80%.

The chillerplant servingthe AHUs in the publicareas and fan coil unitsin the guest rooms
consistsof three centrifugalchillers of which one is a stand-bymachine. Each machine has a
capacity of 915 kW (260 RT) at the rated COP of 4.3. Althoughthe maintenancewas generally
good, the age of the systemhas began to affectthe buildingperformance.This could be seen in
the power consumptionprofile,Figure B-16, and the percentageuse by individualsystemsin Fig-
ure B-17. The consumptionprofilewas regularthroughoutthe week, peakingat 1.3 MW between
1900 to 2200 houranda minimumof 0.9 MW between0100 to 0600 hour.

The chiller plant took up 50% of the energy consumedfollowed by 41% for lightingand
power, lt was observed that the air-conditioningto the function rooms and restaurantswere
operatingat constantflowthroughoutthe day. Conservationopportunityinthe formof reduced air
flowto these areas duringoff-peakhourscouldbe considered, lt was also notedthat reheat had
to be applied in the guest rooms to maintainthe relativehumidity. There were some problems
encounteredwithformationof mouldsin the guestroomscaused by the highhumidity.The long-
termsolutionlies incontrollingthe infiltrationto thesespaces.

The extensiveuse of incandescent lightingin the hospitalityindustrywas evident from the
results. Some recognitionof energy conservation opportunitieswas shown in the change to
fluorescent lamps wherever possible or removal of excessive bulbs where not required. The
annualenergyintensitywas foundto be 339 kWh/m2/yr.Computer simulationwas not carried out
for thisaudit.

Golden Landmark Hotel

The Golden LandmarkHotel, Figure B-18, was completed in 1986. lt has 400 rooms in
12,205 m2 of conditionedspaceout of 13,935 m2 grossarea. The hotel is situatedintl_etowerof
the Golden Landmark Building. The podium of this building is a shopping complex. Part of the
hotel lobby and entrance is in the podium. The hotel has it own mechanical and electrical systems
and is functionally independent of the shopping complex.

The chiller plant serving the AHUs in the public areas and the fan coil units in the guest
rooms consists of two centrifugal chillers of which one is a stand-by machine. Each machine has a
capacity of 1760 kW (500 RT) at the rated COP of 5.1. Hotel operation had only begun shortly
before the time of the audit and room occupancy was rather low. This caused the chiller to operate
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at low partial load and the effect could be seen in the horizontal power consumption profile (Figure
B-19). Consequently, the chiller consumed a constant 330 kW, making up to 42% of the total
energy (Figure B-20). The consumption profile was regular throughout the week, averaging a low
of 700 kW between 0100 to 0600 hour and then gradually increasing throughout the day to peak
at about ,q00 kW between 2100 to 2200 hour.

lt was noted that se,/eral energy conservation features were incorporated into the design.
These included a heat pump for domestic hot water, energy recovery wheel to pre-cool the incom-
i,_gfresh air supplied to guest rooms with air exhausted from the guest rooms, and a key tag mas-
!er switch system in ali guest rooms to automatically switch off ali services in vacant guest rooms.

Figure B-20 also showed that the electrical lighting used 35% of total energy. Some savings
could be achieved by replacing incandescent lamps with fluorescent ones. Computer simulation
was not carried out.

School of Accountancy, NTI

The School of Accountancy Building in Nanyang Technological Institute was completed in
June 1987. lt has 6 stories designated as storey 1, and B1 to BS. The building houses the

-.t School's administrative offices, staff offices, a three-story library, two 350 seat lecture theatres,
tutorial rooms, and a computing laboratory in 11,577 m2 ccqditioned space out of 19,440 m2gross
area. The long axis of the building is para!lel to the east-west direction, thus ali windows faces the
north or south direction only. In addition, the windows are well-shaded with a 1.2 m or more set-
back from the building structure line. Ali walls are either made of plastered brickwork or 100 mm
thick concrete with plaster. Figure B-21 shows the general outline and plan of the building.

The building is served by its own electrical system _nd air-conditioning plant. The plant con-
sists of three centrifugal chillers of 1056 k'V capacity (300 RT) each, one being a stand-by unit.
The chillers' COP is 4.98. The offices are served by a variable air volume system, while the lec-
ture theatres have constant volume systems with face-and-bypass control, and a constant volume
system serving the library has reheat control. During term time, the plant is operated from 0800

; till 2130 on weekdays, and to 1700 on Saturdays. However, only the air-conditioning to the library
is in use outside of normal working hours. During vacation, the operating hours are shortened con-
siderably. The building is lit almost entirely with fluorescent lighting and has a lighting density of
about 12 W/m2.

The building did not have detailed energy billings because ali electricity consumed is conso-
lidated under the Institute's account. Nevertheless, during two months of stlort term monitoring, it
was possible to estimate the annual ener.ay intensity to be about 227 kW/m2/yr. The electrical
cc,nsumption profile is sho_,m in Figure B-22. Energy monitoring has shown that there was
unscheduled operation of the plant outside the normal schedules. This was brought to the atten-
tion of the maintenance staff.

The energy consumed by the various services is shown in Figure B-23. These are as fol-
lows:

Air-conditioning plant 50.2%
AHU fans 21.5%

Lighting 21.5%

Equipment and power (including lifts) 6.8%

Computer simulation was not carried out.

CONCLUSION

The project had established an indicator of the energy performance in Singapore office buildings
at 210 kWh/m2/yr. This was found _o be about 15% lower than the ASEAN average for office
buildings. Broad guidelines for energy management and conservation were also developed from
the results of building energy audits and computer simulations. The project has shown the way for

_
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future work on establishing indicators for other building types and on establishing energy targets
on building energy performance.

Other 3chievements of the project may be summarised as follows:

® D_semination of information to professionals on energy usage in buildings through sem-
inan,, and through publication of technical papers in proceedings of conferences (See List of
Publications at the end of this Appendix).

• Transfer of knowledge on building energy auditing through participation in courses under the
ASEAN project (See Courses Attended section at the end of this chapter), and through
experience gained on the field.

• The creation of the ASEAN Commercial Building Energy Database for reference and further
work by researchers and professionals.

• Transfer of ASEAM-2.1 software analysis tool to Singapore.

Several valuable contacts had been established during the many opportunities provided dur-
ing courses, conferences, and collaboration with the following organisations:

With the United States:

• Lawrence Berkeley Laboratory, University of California.

• ASEAM-2 and audit course supervisors in W.S. Fleming and Associates, Inc., Albany,
NY.

Within ASEAN:

• Universiti Teknologi Malaysia, Malaysia

• King Mongkut's Institute of Technology, Thonburi, Thailand

• Chiang Mai University, Thailand

• Departmen Pekerjaan Umum, Direktorat Jendral Cipta Karya, Direktorat Tata
Bangunan, Indonesia

Within Singapore:

• The Building Control Division, Public Works Department, Ministry of National Develop-
ment

• Public Utilities Board
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Table B-1. Summary of Postal Survey Results

' Total questionnairesposted 81

Total repliesreceived 38 (100%)

Buildingswithenergyconservationprograms '" 17 (45%)

Buildingswithcomputerisedbuildingmanagementsystems 6 (16%)

Buildingswithsignificantloadsfromcomputers 14 (37%)

Averageworkday '" 9.8 hours'
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Table B-4. Comparison of Energy Intensities

Building EnergyIntensity Index
kWh/mZ/yr

ASEAN AverageOffice 246 100.0

SingaporeAverage (Net) 210 85.4

AlbertComplex(Office) 96.9 39.4

URA Building 131.2 53.3

SanfordBuilding 201.9 82.1

JurongTown Hall 122.0 49.6

ASEAN Average Hotel 307 100.0

Golden Landmark 518 168.0

CenturyParkSheraton 339 110.0
,,

ASEAN Average Retail 332 100.0

Albert Complex (Retail) 319.6 96.3

Table B-5. Energy Use by Systems

Energy Use by System
% of total

Service Albert URA Sanford Jurong Town
Complex Building Building Hall

Air-Conditioning 42.5 30.7 32.3 29.0

Fans 12.8 10.0 8.6 21.2a

Lighting and Power 15.5 42.8b 30.8 26.3

Miscellaneous Equipment 29.2 16.5= 28.3 23.5

Total 100.0 100.0 100.0 100.0

a. Includinggeneralpower.
b. Includingmiscellaneousequipment.
c. Includingpowerforcomputersystemandenvironmentalsupportsystem.
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APPENDIX C

A SURVEY OF ENERGY USE IN COMMERCIAL BUILDINGS

INDONESIA

This report summarizesan extensiveenergy audit performedon five Indonesiancommercial
buildings.Energyconservationopportunitiesareidentifiedand potentialenergysavingsfromthem
areestimated.
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INTRODUCTION AND SUMMARY OF RESULTS

Scope

An energy consumptionaudit is a study conductedto determinea building'senergy con-
sumption.This studyincludesenergyconsumptionauditsfor fivecommercialbuildings:oneoffice
and fourhotels.

The buildingsauditedwere:

• The Wisma Sier : a six-story, 8,835 m2 suburban office building

• The Elmi Hotel : an eight-story, 11,000 m2 hoteJ

• The Garden Palace Hotel : an eleven-story, 17,190 m2 hotel

• The Hyatt Bumi Hotel : an eleven-story, 31,079 m2 hotel

• The Natour Simpang Hotel : a seven-story, 6,028 m2 hotel

Objectives

The primary objective of this study was to gain a better understanding of energy consump-
tion levels and energy use patterns in commercial buildings. However, the study was also
designedto increaseour understandingof the mechanicsof performingan audit and the workings
of the ASEAM-2 (A Simplified EnergyAnalysis Method), an energy simulationprogramused to
analysea building'sannualenergyconsumption.

Commercial buildingstypicallyhave high energy consumption,for a number of reasons.
First, commercialbuildingsmany end uses. Second, commercialbuildingsare usuallydesigned
and constructedwith littleconsiderationof their energyuse.And third, because buildingmanagers
alwaysaim for highcustomersatisfaction,they sometimesoverconsumeenergy,either byprovid-
ingexcessivecoolingor lighting,orthroughgeneral operatinginefficiencies.The auditand retrofit
challenge,then, is to use energymore efficiently,while maintainingand even improvingcomfort
conditionsin the building.

This report,which summarizesthe audit findings, shows the patternand amountof energy
consumptionin the chosen commercialbuildingsduring 1986 and 1987, the amount of energy
used bythe buildings'air-conditioningsystems, lightingsystems, elevators,and electricalequip-
ment.

General Description of the Buildings

Table C-1 provides a brief descriptionof the buildingsaudited. Detailedauditsare available
that providemore in-depthinformationabouteachbuilding.

Summary of Results

Distribution of Types of Energy:

Table C-2 shows total kWh consumptionby fuel type, and Table C-3 showsthe costs of
those differentfuels. Figures C-la & b diagram the energyconsumptionper m2 of conditioned
spaceand per room. The prices of energyper m2 and per roomare shownin FiguresC-2a & b.

Only electricityconsumptionwas analysedin the energyauditsconducted. This is because,
although diesel oil consumption in the buildings was sometimes quite high, it costs very little in
terms of rupiah. The Garden Palace is an exception, for its diesel oil consumption is extremely
high and the cost of the diesel oil used is significant. This is because the Garden Palace used an
absorption chiller, which accounts for its radically different energy use, as seen in Tables C-2 and
C-3, and Figures C-la & b and C-2a & b

The electrical energy consumption of the other three hotels is in the range of the electrical
consumption measured for the sample of 34 hotels surveyed throughout ASEAN (see Vol. I of this
report, Poficy, Chapter ?). >From that data base, the average of ali 34 hotels surveyed was 307
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kWh/m2 per year. The Elmi and Simpang are slightly higher and the Hyat!.is slightly lower.
The electrical consumption of the Wisma Sier office building, at 166 kWh/m2, is lower than

the average office building consumption of 246 kWh/m2 from a similar surveyAof71 ASEAN office
buildings. A likely reason is the very low installed lighting power at 10.3 W/mz, whereas the aver-
age W/m 2for lighting in the buildings surveyed throughout ASEAN was in the range of 17 W/m2.

Monthly Distribution of Electricity Consumption:

The distribution of electricity consumption was quite uniform from month to month, as Figure
C-3 shows (the maximum deviation from the mean was only 10%).

Distribution of Electricity Consumption by Building End-Use:

Table C-4 shows, for the buildings' base case, the estimated annual electricity consumption
by end-use. Figures C-4a & b present the same information in bar graph form, allowing for easier
comparison among both buildings and end-uses.

ENERGY ANALYSIS METHODS

The Energy Audit

An energyaudit,which reveals energyuse patternsin a building,shouldidentifywhere and
how energy waste occurs. Possibleimprovements to buildingoperations, maintenance, and
equipmentcan thenbe recommended.

This studychoseto use the followingauditingprocess:

• Auditinghistoricaldata.

• Conductinga walk-throughsurvey.

• Conductingdetailedinvestigationsand analyses.

Eachof thesestepsis brieflydescribedbelow.FigureC-5 showsthe ove_allprocess.
The Audit of Historica/ Data:

Historicaldata was collectedfrom electricityor otherfuel bills,or, as a last resort, from the
recordssometimesmaintainedby a building'sutilitydepartment.When conductingthe detailed
investigationsand analyses, the data gathered served as a useful reference, since it could be
comparedto the computer-basedsimulationof the building'senergy consumptionper year (using
the ASEAM-2 program).

The Wa/k-Through Survey:

A site surveywa fairly quick, low-costpreliminaryinvestigationof the existingdata on actual
conditionsin the buildingmwas conductedafter each historicalaudit. To make these surveys
efficient,the architectural,mechanical,and eleclricalblueprintsfor the buildingswere obtained.
The surveys revealed obviousenergy inefficiencies and highlighted priority areas for further inves-
tigation of likely inefficient or inappropriate energy systems.

Detailed Investigation and Analysis:

Finally, and most importantly, one must conduct detailed analyses of the areas identified in
the walk-through survey as inefficient. A main challenge in this part of the process is to identify ali
possible candidate ECOs and to perform appropriate analysis on each one. Such analyses can
include parametric analyses of the impacts of various potential ECOs.

The ASEAM-2 Computer Program

Most of the data collectedwere analysedusingASEAM-2, a simplifiedDOE-2 computerpro-
gram most suitable for analysing simple buildings. The buildingswere divided into "thermal
zones," areas with similarthermal and system loads. Thermal zones were then subdividedinto
lightingzones.

The data were entered intoASEAM-2 for each zone and each system, as were any factors
affecting energy consumption,(e.g., type a=_dconditionsof windowsand doors, typical lighting,
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peopledensity,comingsandgoingsout of the building).Ali the informationallowedthe computer
to simulatethe buildings'energyconsumptionundervariousweather conditionsand schedulesof
occupancyanduse. PossibleECCs identifiedat thistime were examined.

The ASEAM-2 resultswere validated by comparing them to the reference data gathered
fromthe historicalaudit.When significantdifferencesexistedbetweenthe historicaldata and cal-
culated consumptions,benchmarkingwas necessary; the parameters of the program were
adjusteduntilthe two sets of data matchedweil. The computer-generateddata was then used as
the referenceor basecase data inthe ASEAM-2 program.

The mostimportantapplicationof the buildinganalyseswas allowingcomparisonamongthe
efficienciesof differentalternatives. An inputdata file foreach ECO identifiedwas created,,and its
potentialenergy savingsthen determinedby comparingthe ECO analysis resultswiththe base
case results. Combiningthe potentialsavingsfrom ali the ECCs gave the total potentialsavings
that couldbe obtained in one year. Evenwhen the base case runswere not quite in agreement
withthe historicaldata, the estimatedcomparativesavingsfromdifferentECCs shouldhavebeen
reasonablyaccurate.

Energy Prices

As the data descriptionmakes clear, mostof the energyused was in the form of electricity,
thoughsome non-electricalenergywas used as weil.

The prices of various energy forms are as follows:
Non-electrical:

• City gas : 175 Rp/litre *
• Elpiji (LPG) : 580 Rp/litre
• Diesel Oil : 210 Rp/litre
• Kerosene : 225 Rp/litre

Electrical:

• The Wisma Sier office building, in the U-3 electricity tariff group (ali commercial build-
ings are in Group U), had a fixed tariff of 2,300 Rp/kVA, a peak load tariff from 6:00
P.M. to 10:00 P.M. of 158 Rp/kWh, and an off-peak tariff of 99 Rp/kWh.

• The hotels, which belong to the I-3 Group (which includes ali industrial buildings), had
rather different tariffs: 90 Rp/kWh for the peak load and 56 Rp/kWh for the off-peak
load. (See Table C-10 for more information).

Weather Data

Running the ASEAM-2 program requires weather and solar data. The hourly Surabaya
weather data were not available,so Jakarta's 1986 weather data were obtainedfrom lr. Soegi-
janto t and was reformatted into the format required by ASEAM-2. A printout of the weather data
in ASEAM-2 format can be found in Appendix 2 of the original Indonesian Project 1.2 Final Report
on auditing tasks.

ANALYSIS AND CONCLUSION

Impact of Energy Conservation Opportunities (ECCs)

Figure C-6 gives a summaryof the ECCs and theirpotentialimpacton total annual energycon-
sumptionfor ali the buildingsaudited. Table C-11, whichcompares the energy consumptionof
the five buildingsin the study, makes analysingthe data simpler. For reasons of consistency,
comparativeanalysiswas performedonly on the hotels. This surveydid not evaluatethe cost of

"The conversionrate used,as of June, 1990, was 1,836 Indonesian Rupiah Io 1 U.S. Dollar.
? See Vol. III, Chapter 5, of this report for a full description of the Jakarta data.
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implementing the various ECOs, so payback periods were not calculated.

The Wisma Sier Office Building:

Since the air-conditioning and ventilation systems accounted for 83% of the energy con-
sumed in the building (see Table C-4), these areas provided the most likely ECOs, a hypothesis
confirmed by the analysis in this study.

The ECOs examined that had the most potential were a reduction in cooling capacity from
265 to 166 TR (2.4% energy savings or a 24,564 kWh annual energy reduction) and an improve-
ment in pump efficiency from 30 kW to 18.5 kW (a 5% or 49,920 kWh savings).

Considering that the fourth floor and some of the third floor were not being used, Wisma
Sier's cooling capacity is larger than necessary (see Table C-5), and energy was obviously
wasted. A serious effort should be made to rent the empty space. Further, the occupants of the
building complained of being too cold.

Lighting and elevator ECOs were also identified and analysed. However, since these end-
uses accounted for only a small portion of total energy consumption, such ECOs would have a
relatively small impact on total energy consumption. Table C-5 summarizes the ECOs mentioned
and their potential savings.

ECOs for improving lighting systems are often very effective for office buildings. However,
because the lighting installed in the Wisma Sier was alre,_ldyvery energy-efficient at 10.3 W/m2,
we did not identify significant lighting ECOs to be used for this building.

Likewise, we did not identify cost-effective building envelope ECOs, even though the build-
ing has 45% glass, which has a high solar heat gain load through the tinted glass and no external
shading. While external shading devices would be less effective ECOs for retrofitting, they would
be good strategies to incorporate into new office design.

Comparatively little could be determined about the Wisma Sier since it was the only office
building audited. The Wisma Sier consumed the least amount of non-electrical energy (see Table
C-11), and had the highest electricity-to-total-energy-usage ratio (item M divided by P). Because
the office is used for fewer hours per week, and possibly because the building had a large amount
of unrented floor space, the total electricity costs and costs of energy-per-unit-floor-area were far
less than those of the hotels. Consequently, the Wisma Sier had relatively high total energy costs
per kWh, especially compared to the Garden Palace's (item Q).
The Hotels:

The Natour Simpang Hotel Ali the hotels presented mainly housekeeping ECOs, or else
ECOs which only require additional sensors to limit unnecessary operation of a system (fans, for
instance). Lighting ECOs were recommended as weil. Table C-6 summarizes the ECOs for the
Natour Simpang and their potential savings. _

The Hyatt Bumi Hotel Because an already energy-conscious staff runs this hotel, the ECOs
recommended mainly concerned lighting replacements (see Table C-7).

The Garden Palace Hotel Because the Garden Palace used an absorption chiller, which
reduces electricity consumption, the electricity ECOs were limited (see Table C-8).

The Elmi Hotel The Elmi provided a chance to audit a hotel that had been audited just a
year before, in 1987. Energy awareness among the management appeared to have improved
since the first audit. In one policy switch, unnecessary lamps are now switched off. Another
recommended ECO, replacing light bulbs with ones of lower wattage, has been at least partially
adopted. The hotel now keeps only 40 Watt and 60 Watt incandescent bulbs in its stockroom,
whereas it formerly kept lots of 100 Watt bulbs. As each old bulb burns out, it is replaced by a
new, more efficient one. Also, the number of bulbs in use appeared to have declined. Table C-9
shows the recommended ECOs.
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Observations on the Hotels

The existingtotal and proportionalconditionedand non-conditionedareas of the different
hotelswere measuret and compared,as follows:

• Items A, B, C, F and H of Table C-11 show that the Hyatt and the Garden Palace had the
largestgrossconditionedarea. They alsohad more roomsthandid the F:lmior the Simpang.
However, the Hyatt and Garden Palace did not have the highest percentage of air-
conditionedspaces--29% of the totalfloorarea in the Hyattwas not air-conditioned.

• The Hyatt and Garden Palace, despitehavingonly slightlymore roomsthan the other two
hotels,hadfloor-to-roomratiosbetween 1.5 and 3.5 times higherthanthoseof the Elmi and
Simpang(itemH).

• Althoughthe Simpanghad the smallestamountof gross and conditionedfloorspace (1/5 of
the Hyatt's), it hadthe highestpercentageof air-conditionedspace.

• The Simpang'scomparativelysmallconditionedandgrossfloorarea per room(items G and
H) is explainedby its paucityofwalbeit usuallyair-conditionedwnon-bedroomspaces (e.g.,
functionrooms,banquethall, restaurants,lobbies,etc.).

Our explanationsforthe hotels'differentenergyconsumptionpatternsfollow:

• The Hyatt had the highesttotal energycosts per room (Item I) because it used a compara-
tively high percentage of its floor space for purposesother than guest rooms (shopping
arcades, a bar, a coffee shop, a restaurant, large banquet halls, a fitness centre, lobbies,
andotherfunctionrooms).

• The Garden Palace had the secondhighest cost-per-room ratio, an exp'ected finding since
the hotel had the second largest total and conditioned floor space.

• Items L, M, and N show that the Garden Palace consumed the most energy (in kWh) per
room and per unit of floor area. The frequent usage of its banquet halls and otherlunction
rooms may have been responsible, since the hotel's room occupancy rate was lower than
the Elmi's. The Garden Palace's room occupancy rate and number of rooms occupied were
still quite high, however.

• Although the Garden Palace consumed more energy than the other hotels, (see Table C-1
and preceding paragraph), most of its energy was generated from diesel oil rather than com-
ing from the city's electricity supply. This caused the hotel's electricity consumption to be
rather low. The Garden Palace consumed the least electricity among these four hotels
(items O and P), and its consumption per room was less than half of the Hyatt's.

• The Hyatt may have consumed more energy per room than the other hotels because of its
huge floor-area-to-room ratio.

• The Elmi had the highest occupancy and equivalent occupancy rates of the four hotels, mak-
ing it the largest consumer of electricity per unit floor space, even though the Garden Hotel
consumed more total energy. However, since the Garden Palace owns a non-electrically
powered air-conditioning system, it did use less electricity than the Elmi and Hyatt.

Some Concluding Thoughts

One general rule of thumb for gauging energy costs is that as the ratio of air-conditioned to
gross floor area increases, the energy costs per unit floor area also increase.

Higher occupancy rates increased energy usage. However, data show that the cost per
room became cheaper when the occupancy rate was higher (compare the Garden to the Hyatt
and the Elmi to the Simpang). Even so, the cost per floor area when occupancy rates rose was
not always lower, since the costs also depended on the activities in the non-bedroom areas.

Although the window-to-wall ratio influenced a building's energy consumption, neither this
ratio nor the orientation and shading type of the windows had a major effect on overall energy
consumption. Lighting too, proved relatively unimportant. The space conditioning design proved
itself the key to total consumption. Even though the Hyatt and Garden Palace had the lowest
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window-to-wallratioandthe smallestwattage per unit floorarea of lightinginstalled,they stillcon-
sumedmore energythanthe otherbuildingsaudited.

The Wisma Sier used the highest percentageof electricity,while the Garden Palace used
the smallestpercentage. The Wisma Sier paid five times more per kWh than did the Garden
Palace. Usinga non-electricalenergysourceto supplythe mainpart of the buildingenergysys-
tem wouldbe one feasible suggestionfor achievingsignificantenergy cost savings. In the long
run, overall energycostswouldfall significantly,assuming non-electricpower sourcesremained
cheaper than electricity.
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Schematic Diagram of the Audit Process
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APPENDIX D

OFFICE BUILDING

AUDIT REPORT

THE PHILIPPINES

Thisreport isoneofapproximatelytwentyaudit reportspreparedby the Philippinegroupfocusing
mainlyon officebuildings. Whilenot asdetailedas the IntercontinentalHotel report(AppendixE),
these studiesprovidean excellent,conciseoverviewof the building'senergyuse patternsand
conservation opportunities. For purposes of confidentiality,the building's name has been
removedfromthis reportforpublication.
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EXECUTIVE SUMMARY

An audit team from the Office of Energy Affairs (GEA) conductedan energy audit of an office
buildingin line with OEA's on-goingProjecton Energy Conservationin Buildings. This report is
the outcomeof an extensivedata collectionandbuildinginspectionmade possiblewith the assis-
tance andcooperationof the buildingadministrationstaff.

This report focuses on three major aspectsof energyanalysis,namely, the structuraland
architecturalsystems (or the buildingenvelope design), lightingand electricalsystems,and the
air-conditioningsystems. The data gathered by the audit team were analyzed usingcomputer
simulationsand manual computations,on whichrecommendationsfor energyconservationwere
based.

The energy conservationopportunities,or ECOs, are classifiedunderthree majorer,ergy-
consumingcomponents:office equipment, lightingand electricalsystems,and air-conditioning
systems. Below is a summaryof the energycost-savingmeasuresrecommended.

Recommendations Potential Benefits

OFFICE EQUIPMENT

• Turn off office equipment Minimize office equipment
(computers, typewriters, etc.) energy wastage along with
when not in use. less cooling load for the

air-conditioning equipment.

ELEVATOR SYSTEM

• Consider inclusionof More energy cost savings
elevator in building energy through more efficient
conservation program through elevator operation.
consultation with elevator
operating and maintenance
personnel as well as with
manufacturer.

LIGHTING SYSTEM

• Reduce lighting operating hours by Annual energy savings of
1-1/2hours. 168,280kWh or annual energy

cost savings of 277,660 pesos.*

• Install high-efficiency reflectors Improvement of illuminance
and remove diffusers wherever levels in workplace.
the consequent glare can be tolerated.

• Reduce or switch off lights in areas not Energy savings derived from
requiring higher levels, the number of lights switched

off or reduced.

• Implement a lighting maintenance program Attain optimum efficiency
and motivate personnel to conserve of lighting system.
energy.

" The conversion rate used, as of June, 1990, was 22.885 Philippine pesos to 1 US Dollar.
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ELECTRICAL SYSTEM PO WER FACTOR

• Repair defective power factor Avail of bonus for high PF.
correction capacitors.

AIR-CONDI TIONING SYSTEM

• Reset thermostat setpoint to Annual energy savings of
25.55°C. 31,548 kWh or annual energy

cost savings of 52,054 pesos.

• Reduce air-conditioning equipment Annual energy savings of 61,691 kWh
operating time. or annual energy cost savings of

101,790 pesos.

• Operate the chiller at full Efficient opera,ion of equipment
load capacity, recalibrate ali since maintenance is considered
air-conditioning system controls, an essential element of energy
check chiller manufacturer's data, conservation.
check air handling units' condition
and proper maintenance of
equipment.

BACKGROUND

The ASEAN-USAID Buildings Energy Conservation Project

The U.S. GovernmentthroughitsAgencyfor InternationalDevelopmentis sponsoringa pro-
ject called the ASEAN-USAID BuildingsEnergyConservationProject in the ASEAN region. The
projectaims to appraisethe energy use patternsand characteristicsas well as potentialenergy
savings in local existingbuildingsin the Philippinesthroughcomputer simulations,and subse..
quently recommend a framework for setting cost-effective "Building Energy Use Standards" to be
incorporated in the National Building Code.

The project involves both public and private sectors irl various aspects of its implementation
to ensure the development oi practical and acceptable guidelines or policies on energy conserva-
tion in buildings.

Part of the work program of this project is the conduct of preliminary energy audits in 30
buildings that were previously surveyed during the first year of the project implementation. The
aim of the preliminary energy audits is to further identify energy conservation potentials in the
building sector and to quantify these potential savings. The results of the audits will be submitted
to the administrator/manager of the building audited. Ali recommendations will also be consoli-
dated andwill serve as inputs to the "Building Energy Use Standards" that will be formulated.

This report deals with the energy audit of an office building conducted on October 21, 1988,
The report includes ali the findings in the various energy-consuming facilities of the building as
well as the pertinent recommendations to improve the building energy utilization efficiency.

Office Building: Profile

The office building is a 14-story building, including the basement, lt has a gross floor area of
25,711 m2, with 19,860 m2 or approximately 77% of the gross area comprising the conditioned
office space.

The building is L-shaped with its frontage lacing the southwest and southeast direction.
Adjacent to the building are vacant lots; therefore, the building is not in direct contact with other
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buildings. Nearby buildings are of similar height as the building. The building's rear, facing the
northeast and northwest orientations, faces a business area with buildings of smaller height.

As in a typical office building, greater occupancy loads occur during weekdays during office
hours from 8:00 in the morning to 5:00 in the afternoon.

METHODOLOGY

The Preliminary Survey

A visit to the office building for an energy audit was made by the audit team. The audit is
actually a follow-up to the energy survey conducted on September 23, 1987. Data required for
building energy usage simulation runs were obtained during the previous visit. Results of the
simulation runs using the utility program ASEAM2.1 were submitt_,d to the adm;nistrator last
December, 1987.

A walkthrough of the various energy-consuming facilities in the building was conducted.
During the walkthrough, observations were made and random interviews with building occupants
were conducted regarding operating practices. Observations on room temperatures, lighting lev-
els, equipment layout, and energy-consuming equipment/appliances operating conditions were
also taken.

Based on the energy audit findings and ASEAM2.1 simulation results, the audit team has
come up with recommendations to conserve energy in the building.

ANALYTIC TOOL

The ASEAM-2 Program

A SimplifiedEnergyAnalysis Method, Version 2.1 (ASEAM2.1)is a modifiedbin method
programfor calculatingthe energyconsumptionof a building, lt uses as part of itsdatabase the
floor, wall and fenestrationareas, the air-conditioning,the lightingand electricalequipment,and
other specificationsfor the subsequentsoftwarecalculationsand simulation. If the annual total
energy requirements fr0h'_the program output report differs by not more than 10% from the actual
kWh/yr bill of the building, then it is accepted as representative of the overall building characteris-
tics in terms of cooling load (watts), energy consumption (kWh/yr) as well as the building envelope
(U-values, shading coefficient, etc.).

AUDIT FINDINGS AND RECOMMENDATIONS

Structure

Findings:

The building is L-shaped with the longer sides exposed to the northeast and southwest
orientations. Service areas and mechanical equipment rooms on each floor are situated at the
building's rear facing the northeast. Since the building has no adjacent buildings, placement of
the service areas and equipment rooms act as buffer zones in the northeast direction, thereby
reducing the amount of direct solar heat gain entering the building.

Reinforced concrete construction is used throughout the buildin0 as external walls which are
painted cream and gray. Lighter-colored or reflective exterior building colors such as white, beige,
or silver could be used to reflect more direct sunlight, thereby reducing the air-conditioning load.

Windows are the clear glass type for ali fenestration areas; the northeast, northwest,
southeast and southwest orientations. The windows on the southeast and southwest orientations
are floor to ceiling fixed clear glass windows. These windows are recessed and adequately
shaded by vertical fins running down the length of the building from the twelfth floor to the second
floor. Indoor shading devices vary from floor-to-ceiling venetian blinds, to single and double dra-
peries. These devices lessen the amount of solar heat gain, but on the other hand, they also limit
the amount of daylighting entering the office areas.
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Doors leading from conditioned areas to the non-conditioned areas could be kept closed to
reduce infiltration of warm air into the cooled spaces. As observed, doors facing non-conditioned
areas such as elevators, lobbies, corridors, and canteen kitchen from the conditioned offices and
dining area are kept open. When asked about this, employees cited as reason the lack of ade-
quate interior illumination or daylighting and/or extremely low temperatures in their respective
offices.

The roof is a concrete slab provided with an insulation blanket, lt is medium colored and
has a low heat transmission value of 0.14.

Lighting

Findings:

The entire office space is lighted by fluorescent lamp fixtures. Almost ali of the fixtures have
two fluorescent tubes in place, each with a rating of 40 watts. In addition, these fixtures are also
provided with diffusers designed to minimize glare.

The office lighting layout allows almost uniform illumination of _'Jareas irrespective of the
kind of task in the workplace. In some office areas it was observed that the manner of partitioning
has allowed s':.,,'nelights to be concentrated in non-working areas. This limitation is a usual
characteristic of the typical lighting layout which does not make use of task lighting as a primary
design consideration.

In general, the illuminance readings taken in the office areas show much lower illuminance
levels wrhencompared to the Illuminating Engineering Society (IES) recommended values. The
following is a tabulation of the illuminance (lux) readings for the different areas in the building.

Illuminance (Lux)
Area Actual IES Recommended

Office 110-320 320-1076

Hallways, Corridors 50-80 215
Canteen 140-180 110-1076

Almost ali of the corridor spaces, stairwells, and even some comfort rooms utilize only day-
lighting for illumination during the daytime or when enough sunlight is available. Glass windows
without any shading mechanism such as draperies or venetian blinds allow the most daylight, lt
was observed that these sunlit spaces are not air-conditioned so that additional cooling load due
to daylighting is minimized. As a result, substantial energy savings in lighting and air-conditioning
are realized.

Recommendations:

As mentioned above, a good deal of energy is already saved through the extensive use of
daylighting instead of electric lighting in such areas as corridors and hallways. Still, more lighting
energy can be conserved by simply turning off unnecessary lights during lunchtime and at coffee
breaks. If this measure is practiced religiously, turning off, say, 90% of the lights at an equivalent
of 1-1/2hours a day could easily translate to an energy savings of about 15% of the total lighting
energy usage! This amounts approximately to a cost savings of 277,659 pesos annually.

lt is also recommended that high-efficiency reflectors be installed in the fixtures, particularly
in those work areas where illuminance levels are very low. As much as 100% more light could be
directed back to the workplace, thereby improving the illuminance levels.

Another practicable energy conservation measure can be made by removing the diffusers
wherever the consequent glare can be tolerated. An obvious drawback of this measure--aside
from the glare--is that the lamps will then be visually exposedJa possible detriment to the gen-
eral appearance of the office space. A compromise between what is pleasing to look at and
energy reduction should be found.
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As a rule, it is good practice to reduce the lighting energy consumption such as by diminish-
ing operating hours and/or reducing the lighting system connected load as is practicable. This will
not only reduce the lighting energy consumption, but will also reduce the cooling energy required.

Further recommendations are as follows:

• Implement a lighting maintenance program. Clean lamps regularly to assure maximum
efficiency; clean those exposed to dirt, dust, grease, or other contaminants more fre-
quently. Clean fixtures can produce as much as 50% more light than dirty ones.

• Reduce or switch off lights in areas not requiring higher levels: stockrooms, corridors,
unused conference rooms, parking lots, etc.

• Motivate personnel to conserve lighting energy. Use letters, memos, posters, and per-
sonal contact to campaign for lighting energy conservation. Stress:

- The use of lighting only when it is needed.

- The importance of switching off lights when they are not needed.

Electrical System Power Factor

The metered power factor has been high due to the installation of power factor (PF) correc-
tion capacitors. For the past six months, the PF of the air-conditioning system has been relatively
low, averaging 82.5% to 87.4% since three capacitor units are not working, according to the
maintenance staff. A tabulation of the metered PF for the year 1988 is presented in Table D-1.

lt is clearly shown by Table D-1 that the system PF of the air-conditioning load has been left
uncorrected for the past six months. As a result, the monthly metered PF for the load is much
lower than when the connected capacitors were still working, lt is known that the local utility com-
pany penalizes very low PFs while giving an equivalent bonus to those users with high PFs by
awarding a much lower billing factor (e.g., 0.951 for 0.96 PF or higher).

In order to avail again the bonus for high PFs, it is recommended that the installed PF
correcting capacitors be recommissioned as soon as possible to serve the air-conditioning supply
system.

Office Equipment

lt is recommended that office equipment (computers, typewriters, etc.) be turned off when
not in use. Unwarranted usage of this equipment will not only result in wasted electrical energy,
but will also result in an additional cooling load for the air-conditioning equipment if the office
equipment is situated in an air-conditioned space. In other words, the air-conditioning equipment
has to do more work than is necessary to remove the heat generated by the "idling" office equip-
ment,

Elevators

The buildingutilizesseveral passenger elevatorsfor ali the floors. Elevatortrafficis busyfor
almostthe wholedurationof office hours.

As a built-in measure, the elevators are designed to stop only at every other floor. For
example, one elevator stops only at even-numbered floors while another elevator stops only at
odd-numbered floors. Such a mode of operation allows a reduction in the possible number of
elevator stops, thus reducing the associated energy consumption.
Recommendations:

As in other building systems, it is advisable to have an understanding of the operations of
the particular elevator system in use--how much power is being consumed by the equipmentm
before exploring the opportunities for energy conservation. A meeting, therefore, with the techni-
cal people operating and maintaining the elevators is suggested. Because of the highly technical
nature of the elevator, their opinion must be solicited on how to include elevators in the energy
conservation scheme.
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Since the building is being served by several elevators, it is advisable to schedule the opera-
tion of a unit mix for rush hours, and for low traffic hours. This can be done automatically or
manually. The equipment manufacturer should be consulted on this.

Also, certain programmable controls can be installed to limit the floor stops further for opera-
tion of each elevator unit for energy conservation. Again, the elevator manufacturer must be con-
sulted on this.

Air-Conditioning System

Findings:

Each floor o! the building, from the ground to the 1lth floor, uses two constant volume air
handlingunits(AHUs) whichprovidea constantvolumeof P.;rat temperaturesthat vary according
to the load. The canteen located on the 12th flooris served by a 7.46 kW(10hp) AHU utilizing
chilledwater from the central plant. The AHUs maintain the roomsas 25°C(77°F). The central
air-conditioningsystemoperatesfrom 6:30 A.M. to 4:30 P.M. Mondayto Friday,whichisthe regu-
lar workingperiod.Duringweekends,no air-conditioningis provided.

The cold supply air from the AHU is distributed through insulated ducts and discharged
throughceilingdiffuserswhilethe returnair passesthrough a common ceilingplenum.

The thermostatof each AHU is placed in the return air path in the machineroom. lt is con-
nected to a three-wayvalvewhich controlsthe chilled waterflow to the coolingcoils of the AHU.
A problem with such systems with one thermostatper AHU (also called single-zonesystem) is
that someareas are undercooled. This problemis solvedby installingdamper controlinthe AHU,
althoughthe mechanismforcontrollingthe damper of the AHU servingthe mezzanine is not func-
tioningdue to rust.(Note: thiswasthe only AHU seenby the auditteam).

The coolingplantequipmentconsistsof two 450-ton centrifugal chillers, a four-cell cooling
tower, one 93.25 kW chilled water pump, and two 55.95 kW condenser pumps (one standby).
The operationof the chillersdepends upon the outside temperature. This means that duringthe
summer monthstwo chillers are operating simultaneouslyto meet the coolingload. During the
conductof the audit,onlyone chillerwas operatingat 90% capacity. This is good,giventhat chill-
ers operate moreefficientlyat higherloads (80 - 100%).

An energy conservationmeasure already effected is the shuttingoff of the chiller, cooling
towers, and condenserpump during lunchtime. Computations show that the savingsgenerated
by this measure is about 473.25 kWh/day, or 135,721.33 kWh/yr. This measure will be most
effectivewhen ali unnecessary lightsare turnedoff and no windows are opened duringthe one-
hour lunch break, to preventbuildupof coolingload which will be carried by the central plant at
startupat 1:00 P.M.
Recommendations:

A thoroughassessmentof the motorload performance characteristicsfor the purposeof iso-
lating energy conservationopportunitiesis not expected since the survey conducted was not a
detailed energy audit. The followingrecommendations, therefore, are based only on the survey
observationsand general considerations.

• Reset ThermostatSetpoint. The thermostatsetpoint should be reset to 25.55°C(78°F),
which is the recommendedthermal comfort level. This can be done by adjustingthe
thermostat located in the return air path of the AHU until a temperature of 25.55°C is
attained in the conditioned space. To minimize complaints from occupants, they should
be advised to wear lighter clothing.

The projected savings derived from resetting the thermostat setpoint, as computed by
computer simulations, is 31,548 kWh/yr.

• Reduction of Air-Conditioning Operating Time. Study the possibility of r_,ducing the
operating time of the centrifugal chiller, cooling towers, and condenser pump by 15 to
30 minutes before 4:30 P.M., while operating the AHUs and chilled water pumps.
Generally, the temperature of the cooling water is enough to carry the load before
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shutdown.

Projected savings: (See Attachment D for computations).

A.1 Switch off chillers, cooling towers, and condenser pump 15 minutes before
4:30 P.M. (assume COP = 4.15)
Savings in kWh/yr : 30,845.63
Percent of total : 0.77

A.2 Switch off chillers, cooling towers, and condenser pump 30 minutes before
4:30 P.M. (assume COP = 4.15)
Savings in kWh/yr : 61,691.52
Percent of total : 1.53

Further recommendationsare as follows:

• Continue to Operate the Chiller at Full Load Capacity. As a rule, it is good to operate
the compressor at its full-load capacity at which its motor is most efficient. During the
summer months, try to delay as much as possible the simultaneous operation of two
450-ton chillers as this is likely to result in a low kW/ton refrigerating effect. One
method of solving this problem is to consider the purchase of a sma!l chiller in the 150
- 250 ton class. Instead of operating another 450-ton chiller when one 450-ton chiller
operating at full capacity can no longer supply the necessary cooling energy, a small
backup chiller will be operated parallel with one 450-ton chiller. The combined opera-
tion of a small chiller and one 450-ton chiller wilt give a much higher kW/ton than two
450-ton chiller operating simultaneously.

• Recalibrate Ali Air-Conditioning System Controls. Thermostats should be locked to
prevent resetting by unauthorized persons.

• Check Chiller Manufacturer's Data. lt is recommended that the efficiencies of the chill-
ers be verified by checking the water temperatures in and out of condensers and chill-
ers against design specifications, and by checking the amperage on compressor motor
against manufacturer's data, and then making the necessary adjustments to operate
the chiller efficiently.

• Check Air Handling Units' Condition. Check alignment of motor and fan, and when
belts are used for power transmission, see to it that ali are equally tensioned. When
belts are frayed, loose, or need replacement, the entire set should be replaced.

• Properly Sized Motors. Energy savings could also be affected by replacing oversized
fan motors with motors that properly match actual loads. Check if the existing motors
are underloaded. If so, technically evaluate whether energy savings could be realized
if existing oversized motors are replaced with properly sized motors.

• Proper Maintenance of Equipment. Dirty or poorly maintained equipment may con-
tinue to operate, but only by consuming greater amounts of energy. Therefore, mainte-
nance is considered an essential element of energy conservation.

- Cleaning of Filters. The manually-serviced type air filter requires periodic
cleaning or replacement. The usual indication that cleaning or replacement
is required is either a decrease in air flow through the filter or an increase in
resistance across the filter. Dirty filters not only lower the power consump-
tion of the fan, they will also lower the overall cooling capacity of the AHUs.

- Cleaning of Coils. The efficient operation of both cooling and heating coils
depends largely upon the cleanliness of the heat transfer surfaces. The
coils can be cleaned with detergents and high pressure water using port-
able units.

- Fan Maintenance. Thoroughly clean the fan (or blower) blades and check
for damages in the blades that may cause out-of-balance running and
excessive noise. Lubrication oi bearings will reduce frictional losses.
Adjust tension of belt drives whenever necessary.
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- Check Strainer Screens in Pumping Systems. Regular cleaning of strainer
screens keeps pressure losses in liquid systems to a minimum, thus saving
pumping energy, lt may be possible to replace fine-mesh strainer baskets
with a much larger mesh, without endangering the operation of the system.
This again will reduc_ pressure loss in the system and save energy.

- Check cooling tower bleed-off periodically to ensure that water and chemi-
cals are not being wasted.

• Turn-off unnecessary equipment.

D-8



Table D-1. Metered Power Factor

% Power Factor

Lighting System A/C System Month

93.1 86.1 10

92.9 86.5 9

94.3 86.1 8

94.6 85.5 7

93.7 82.5 6

93.9 87.4 5

93.7 94.0 4

93.8 94.2 3

94.5 93.7 2

95.2 96.0 1
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ATTACHMENT A

ASEAM2.1 Report: Peak Load Summary

Space: Building
Floor Area: 213,783 ft2
Volume" 1,859,320 ft3

COOLING
Time of Peak: Dec hour= 16
Outside Temp: 92.5 °F

Sensible Latent
(Btu/hr) (Btu/ht)

Glass Solar 1,162,283
GlassConduction 313,397
Wall Conduction 104,225
RoofConduction 10,684
OpaqueSolar 229,203
DoorConduction 0
Misc.Conduction 60,286
Occupants 353,488 369,500
Lights 916,990
Equipment 62,994
Misc.Sensible 36,275
Infiltration 206,878
Total 3,456,704

Total Load/Area (Btu/hr-ft2) 16.2

Note:

The auditorf_Jmwas simulatedina separaterun.

The externalglassdoors'conductionis 0 becausethe glassdoorsare treatedas windows.

Only the sensiblecomponentof the infiltrationload is counted. The correspondinglatent
load couldbetwicethisamountmakinginfiltrationa majorcoolingloadcomponent.
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ATTACHMENT B

ASEAM2.1 Report: Peak Load Summary

Space: Auditorium
Floor Area: 4,900 ft2
Volume: 78,400 ft3

COOLING
Time of Peak: Jun hour = 16
Outside Temp: 97.5 °F

Sensible Latent
(Btu/br) (Btu/hr)

Glass Solar 12,917
Glass Conduction 6,145
Wall Conduction 13,306
Roof Conduction 13,230
Opaque Solar 18,473
Door Conduction 0
Misc. Conduction 1,022
Occupants 46,000 47,500
Lights 63,093
Equipment 560
Misc. Sensible 0
Infiltration 7,535
Total 192,280

Total Load/Area (Btu/hr-ft2) 39.2

Note:

The auditoriumwas simulatedseparatelybecause its operating/occupancyscheduleis
differentfrom that of the restof thebuilding.

Only the sensiblecomponentof the infiltrationload is counted The correspondingla-
tent load couldbe twice thisamount making infiltrationa major cooling loadcomponent.
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ATTACHMENT C

ASEAM2.1 Report: BLDG-END USE ' Building Annual Energy by *
• End Use and Fuel Type *

Electric
(kWh)

Heating Energy
0

Cooling Energy

Centrifugal Chiller 877,718

Domestic Hot Water Energy
0

Building Miscellaneous

Lights 1,121,856
Equipment 43,734

System Miscellaneous

Fans 628,567

Plant Miscellaneous

Cooling Tower 239,735
Pumping 612,324
Misc. Lights/Equip. 33,569
Elevators/Pumps 214,579
FM Station 69,080
Aux. Air-Con/EDP 141,912

Consumption Totals (kWh/yr) 4,024,483
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ATTACHMENT D

AIR-CONDITIONING SYSTEM COMPUTATIONS

A.1 Switchoff chillers,cooling*_wers,and condenserpump 15 minutesbefore4:30 P.M.

Dailysavings:
Chiller:1 unitx 380 kW x 25 hr 95.000 kWh
Coolingtower:2 unitsx 25 hpx .746 kW/hp x .25 hr 9.325 kWh
Condenserpump: 1 unit x 75 hpx .746 kW/hpx .25 hr 13.987 kWh

118.312 kWh
Yearly savings:

118.312 kWh/dayx 5 clays/wkx 365/7 wks/yr 30,845.63 kWh
Percentof total:30845.63/4,024,483 x 100 0.77 %

A.2 Switch off chillers, cooling towers, and conde=lserpump 30 minutes before 4:30 P.M.

Daily savings:
Chiller: 1 unit x 380 kW x .50 hr 190.000 kWh
Cooling tower: 2 units x 25 hp x .746 kW/hp x .50 hr 18.650 kWh
Condenser pump: 1 unit x 30 hp x .746 kW/hp x .50 hr 27.975 kWh

236.625 kWh

Yearly savings:

236.625 kWh/day x 5 days/wk x 365/7 wks/yr 61,691.52 kWh
Percent of total: 61691.52/4,024,483 x 100 1.53 %
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ATTACHMENT E

LIGHTING ENERGY SAVINGS COMPUTATIONS

A.1 Reduction of lighting operating time by 1 1/2hours/day for at least 90% of the lighting
load.

Simulated lighting usage/yr 1,121,856 kWh
Operating hours/day 9 hrs
Proposed cutdown on hrs/day 1.5 hrs
Actual total lighting load (including ballasts) L

Lighting usage w/o cutdown on hrs:
L x 9 hrs/day - 9L

Lighting usage w/cutdown on hrs:
0.9L x (9 - 1.5) hrs/day + 0.1L x 9 hrs/day = 7.65 L

9L- 7.65L
% Savings = 9L x 100% = 15%

Usage savings = 15/100 x 1,121,856
= 168,278.4 kWh/yr

@ P 1.65/kWh,

Cost savings = P 1.65/kW x 168,278.4 kWh/yr
= P 277,659.36/yr
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APPENDIX E

HOTEL INTERCONTINENTAL MANILA

AUDIT REPORT

THE PHILIPPINES

This report is one of eight detailedaudit reports prepare_by the Philippinegroup focusingon
hotels.This report is an excellentin-depthstudy of the building'senergyuse patterns, lt also
presentsdetailedcalculationsof energyconsumptionand the _otentialsavings through energy
conservationopportunities.
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BACKGROUND

The ASEAN-USAID Buildings Energy Conservation Project

The U,S. GovernmentthroughitsAgencyfor InternationalDevelopmentis sponsoringa pro-
ject called the ASEAN-USAID BuildingsEnergyConservationProject in the ASEAN region. The
project aimsto use computersimulationsto appraiseenergy use patternsand characteristics,as
well as the potentialenergysavings,in existingbuildingsin the Philippines,and subsequentlyto
recommendthe frameworkfor settingcost-effective"BuildingEnergy Use Standards" to be incor-
poratedin the NationalBuildingCode.

The projectinvolvesbothpublicand privatesectorsin various aspectsof its implementation
to ensure the developmentof practicaland acceptableguidelinesor policieson energy conserva-
tionin buildings.

A technicalcommitteeand projectstaff compose the project management structure. The
technicalcommittee,representedby bothpublicandprivatesectororganizations,providestechni-
cal guidanceand supportin the formulationand implementationoi buildingenergy conservation
policies. The projectstaff, on the other hand, is responsiblefor the day-to-day operation of the
project,performingali energy surveys/audits,computersimulations,and researchwork.

The Audit Team

The project staff is divided into four subgroupsassigned to deal with several aspects of
energy conservation. Two of these subgroupsare now working in closeassociationto undertake
a studyon air-conditioningin buildingsandto analyze, assess, anddevelop policieswhichwillbe
the final outputof the project.

Specifically,the groupis taskedto:

• Identifyways in which cooling systemscan be configured and installedin local
buildingsto reduce energyuse;

• Utilize computer tools to evaluate performance of air-conditioningand control
equipment;

• Prepare and gatherbase-linedata onbuildingenergy use;

• Compileexistingbuildingenergy auditresults:and,

• Conductdetailedenergy auditsof selectedbuildings.

The two subgroupscomposethe auditteam that conductedthe detailedenergy auditof the
Hotel IntercontinentalManila lastApril 12, 14, and 18, 1988. The subgroupsare the Assessment,
Analysis and Policy Studies Group and the Air-ConditioningEquipment Group.

Selection of Buildings for the Detailed Energy Audit

The audit team has conducted energy surveys of several buildings within Metro Manila in
order to gather base-line data on the trend of energy usage in local buildings. From the set of
buildings surveyed, six buildings of the following classificationsuhospital, office, hotel and
supermarket--were selected for a oetailed energy audits. The latest techniques in energy audit-
ing were applied to identify energy conservation measures which are then assessed using avail-
able computer programs. An economic feasibility analysis of each energy conservation opportun-
ity (ECO) identified was also performed.

A set of criteria was formulated by the audit team as a basis in the selection of buildings for
the detailed energy audit. These are as follows:

• The annual energy consumption of the building should be more than 3.8 million
kilowatt-hours or 1 million fuel oil equivalent liters o! energy, inclusive of liquid fuels
and electricity (as per requirement of Rule VII oi Batas Pambansa (BP) Big. 73 as
amended by BP Big. 872 which requires ali commercial, industrial, and transport
establishments consuming the aforementioned amount of energy to submit quarterly
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energy consumption reports to the Bureau of Energy Utilization, (now Office of Energy
Affairs)).

• The window-to-wall ratio should be between 0.2 to 0.6.

• The air-conditioning system should be centralized.

• The building's cooling energy requirement should make up 50% of the total energy
consumption of the building (based on ASEAM-2 output on breakdown of energy con-
sumption).

• Ali equipment should be accessible for testing and inspection.

• Ali pertinent documents and data needed for evaluation should be available.

• The staff should be willing and cooperative.

• A potential for energy conservation sh,.,uld exisl (based on the energy survey and
ASEAM-2 output). .,

• An energy management program should exist.
,k,

Hotel Intercontinental Manila: Profile

The Hotel IntercontinentalManila is one of more than 80 IntercontinentalHotelsali over the
world. "1he hotelis centrallylocatedin Makati, Metro Manila's financialand commercialdistrict, lt
has 390 air-conditionedguestroomsthat offer accommodations for single,double, or triple occu-
pancy.

There are seven meetingand functionroomsthat can accommodateup to 1,500 peoplefor
banquets, receptions, meetings, exhibits, and shows. Other hotel facilities include two specialty
restaurants, the Jeepney Coffee Shop and LaTerrasse; a cocktail lounge; bars; a pool; snack bar;
and a discotheque.

A shopping arcade is located on the ground floor and includes souvenir shops, travel agen-
cies, car rentals, a photo shop, and a flower shop. A beauty parlor and a barber shop are also
provided on the second floor. As in other five-star hotels, room service is provided 24 hours a
day.

METHODOLOGY

The Preliminary Survey

A visitto the Hotel IntercontinentalManilafor an energysurveywas made bythe audit team
on March 2, 1988. Data requiredto fill inthe inputforms oi a computerprogram,ASEAM-2, were
obtained(e.g., conditionedand unconditionedfloorareas, constructionmaterials,walls, windows,
electricalequipment,air-conditioningequipment,and others). The computer program simulates
the buildingenergyusagethroughouta year.

Prior to computer simulation, and even before the ASEAM-2 input forms are filled in, the
building is "zoned." This is an important step in any building energy analysis program. Zoning
requires a building to be divided into small areas with similar thermal and system characteristics.
A zone is defined to be at a uniform space temperature, has one operating schedule, and served
by one air-conditioning system.

The data gathered from the preliminary survey indicate that the Hotel Intercontinental Manila
building has satisfied the set of criteria for the selection of buildings for the detailed energy audit.
Initial findings show that the hotel, which was constructed during the late 1960s, has a window-to-
wall ratio of 0.446. lt uses a centralized air-conditioning system that consumes about 50.7% of its
annual energy consumption of 6.989 million kilowatt-hours.

Furthermore, the availability of pertinent documents and cooperative staff to facilitate the
conduct of the detailed energy audit were contributing factors in considering Hotel Intercontinental
Manila for the detailed energy audit.
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The Detailed Energy Au(_t

The detailedenergy audit involveda comprehensive building inspectionto determine exactly
where and at what times energy was being consumed and where opportunitiesfor conservation
exist. The auditentailedseveral proceduresfor data collection. Among these are the following:

• Inventoryof building structural features as well as mechanical and electrical equipment
installed;

• Conduct of interviews and random surveys of the building occupants;

• Actual head count ofbuilding occupants at certain time intervals; and

• Actual measurements of important equipment operating parameters.

To facilitate the conduct of the detailed energy audit, the team was divided into three sub-
groups assigned to deal with the several audit procedures on three major energy-consuming sys-
tems in the building: the air-conditioning system, the electrical system, and architectural and struc-
tural systems.

ANALYTICAL TOOLS

The ASEAM-2 Program

A SimplifiedEnergy AnalysisMethod,Version 2.0 (ASEAM-2) is a modifiedbin methodpro-
gram for calculatingthe energy consumptionof a building. As part of its database, the program
uses the floor, wall and fenestration areas, the air-conditioning, the lighting and electrical equip-
ment, and other specifications for the subsequent software calculations and simulation. For the
Philippine audit project, if the annual total energy requirements from the program's summary
annual output report has a difference of not more than 10%from the actual kWh/yr bill of the build-
ing, then it is accepted as representative of the overall building characteristics, in terms of cooling
load (watts), energy consumption (kWh/yr), and the building envelope (U-values, shading
coefficient, etc.).

The Carrier Program

Carrier Corporation's Hourly Analysis Program (HAP) evaluates loads and system operation
on an hourly basis, utilizing a nine-step procedure. The first three steps consist of defining
weather data, day and schedule data, and defining spaces. Once these basic data are defined,
the energy analysis procedure begins. The fourth and fifth steps define air system characteristics
and control. Then air system operation for average weather and load conditions are simulated.
This analysis generates the hourly cooling and heating coil data as well as fan input power quanti-
ties. The sixth step defines the plant's capacity, control, and operating characteristics, together
with the air systems served by the plant. In the seventh step, plant operation is simulated using
average weather data and coil load data from the air system simulations. Results include hourly
input power data for equipment components such as compressors, pumps, cooling tower fans,
heating elements, and boilers. In the final input stage, ali the energy-consuming systems in the
building are defined, as are cost and currency parameters. The ninth step develops a cost calcu-
lation based on the hourly power data for ali energy-consuming systems in the building.

The DOE-2 Program

DOE-2 is a building energy use analysis program which also uses the hourly method in per-
forming its calculations. First, LOADS calculation computes the heat loss and gain to the building
spaces, and the heating and cooling loads imposed upon the building HVAC systems. Then the
SYSTEMS calculation determines energy demand of the building. Finally, the PLANT calculation
is the third step calculates the energy requirements of primary equipment--such as boilers and
chillers, cooling towers, and others---in the attempt to supply the energy demand of HVAC and
domestic steam and hot water systems.*

" For see a more detailed description of DOE-2, see Vol. II, Chapter 2. of this report
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Comparison of Analytical Tools

The ASEAM-2 software has a limited capability tor modeling architectural and mechanical
systems. Althoughit only takes a few minutes to run the program, such relatively quick output
results in a proportionate loss of accuracy.

Carrier, on the other hand, offers a more flexibGescheduling of lights, people, and equipment
with a run time approximately the same as ASEAM-2. Its hour-by-hour simulation is more accu-
rate than ASEAM-2's monthly modified bin method.

DOE-2 is a much more complex utility program than ASEAM-2 and Carrier. Although it also
utilizes an hourly analysis method of computation and simulation, DOE-2 is more accurate than
Carrier since it provides more options for simulation including various correction factors. Thus,
run time will take about one hour for a 15-zone building using a 16Mh, 386 cpm personal com-
puter.

BUILDING DESCRIPTION

General

Hotel Intercontinental Manila was constructed in the late 1960s. lt has 14 floors, including a
.' basement, with a gross floor area of 27,985 m2. Seventy-one percent of the gross floor area

(about 20,000 m2) comprises the conditioned areas, including guestrooms, function rooms, ball-
room, lobby, shops, restaurants, and offices. The 390 guestrooms make up the bulk of the condi-
tioned area and occupy the top ten floors with an area of 1,530 m2 per floor.

The Site

Hotel IntercontinentalManila is located at the heart of busyMakati CommercialComplex,a
major urban businessand commercial district in Metro Manila. lt is bounded on the northeast by a
main road, Ayala Avenue, and a block away, on the southeast, by E. de los Santos Avenue
(EDSA).

Nearby buildings, within a 500-meter radius of the hotel, consist mainly of a 15-story
residential condominium across Ayala Avenue, a two-story shopping arcade, and a four-story
commercial building on the southwest. At the rear of the hotel, along EDSA, is a three-story park-
ing garage, and fronting the hotel is a parking lot.

The level of density of nearby construction is moderate, with only about ten buildings within
a half-kilometer radius, and with ample clearances between structures. The hotel is not in direct
contact with any adjacent buildings.

Form and Space Organization

In general, largehotels are characterized by a complex functional space mix: service areas,
guestrooms,assembly areas, etc. The blend of these lunctional spaces yields an energy mix of
bothinternallyload-dominatedserviceareas and externally load-dominated guestrooms.

Space organization,or how spaces are arranged or grouped together, plays a significant
role in the control of thermal loads. The building plan can have a major effect on the energy
requirementsfor maintainingspecifiedcomfortconditions.

lt is noted that the so-called "back of the house,"which includes most of the service areas
and equipmentrooms of Hotel Intercontinental,is located in the southeasternand southwestern
exposuree.g., the fan room near the ballroomon the second floor, and the kitchen and storage
areas on the ground floor. These are strategic locationsfor service areas because they act as
unconditionedbufferzonesfor controlof solargain in adjacentconditioned spaces.

The hotel is basically rectangularin shape, from the third floor to the topmost level, and L-
shaped on the ground and second floor levels. The building's longer side is orientedalong the
northeast-southwest axis, which admits reduced direct solar radiation from the east-west expo-
sure.
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Guestroom layout is of the double-loaded corridor type, with two rows of rooms on either
side of a common hallway. This type of layout allows for provision of a glass area in each guest-
room, intended for outside views and daylighting.

The rooms face two directions, one row on the northwest, and another row on the southeast.
Guestrooms located on the northwest side, facing Makati Commercial Complex, are exposed to
afternoon sun and consequently have greater solar heat gain than guestrooms exposed to the
southeast, facing EDSA, which admit only morning sun.

Based on the hourly load calculation output of the Carrier program, a typical southeast
guestroom has peak solar heat gain equal t_o254.1 W/m2, while a typical northwest guestroom
has peak solar heat gain equal to 474.8 W/mz, twice as much as the former. Moreover, solar gain
by exposure of glass per square meter of glass area is computed to be 10.01 W on the northwest
and only 3.68 W on the southeast. Peak load time occurs at 3:00 P.M. in July.

A marked difference in the heat build-up of the two types of guestrooms is evident. This can
be attributed to varied intensity of of solar heat on different orientations. Proper orientation of
building spaces is an important factor for an energy-efficient building.

Building Envelope
External Walls:

Solar energy enters a space through surfaces, such as external walls, which are exposed to
the sun. This results in heat gain inside a space that affects the building's total cooling load. The
wall construction system and materials used are two important elements in determining the
amount of heat gain inside a conditioned space.

The type of external wall construction used throughout the hotel building is conventional,
with the core built of 15-cm poured concrete. Exterior finishes are either plastered or glass
washout, while interior finishes vary for different areas. The heat transmission value (U-value) for
a typical wall construction is computed below.

Outside air film 0.25
10 mm. glass washout 0.03
12 mm. mortar 0.10
150 mm. concrete 2.40
20 mm. plaster 0.15
Inside air film 0.68

Total Resistance 3.61 hr-ft2-°F/Btu
U-Value 0.277 Btu/hr-ft2-°F

or 1.57 W/m2cC

External surface color also affects a building's energy performance. Light-colored surfaces
have lower thermal absorptance values, and hence, allow less heat gain. For the hotel building,
absorptance value of external walls is 0.30.
Windows:

Most solar heat gain comes from radiative heat gain through glass areas. In comparison,
only a small portion is contributed by conductive heat gain through opaque walls. Among the
envelope features, fenestration characteristics dominate the building's cooling requirements.

Thermal load calculations consider two types oi load components associated with glass,
namely, solar gain and conduction. In Hotel Intercontinental, glass solar gain and glass conduc-
tion contribute 25.6% and 13.1%, respectively, to the total cooling load requirement of the building
(see Table E-13). The sum of the two glass load components constitutes a substantial 38.7% of
the hotel's total cooling load. This can be attributed primarily to the glass type used, the shading
coefficient of the window system, and the window area in the form of window-to-wall ratio.

Glass Type. Two types of glass elements are used in the building. The first is fixed 6 mm
(1/4") thick glass with reflective coating located on the ground and second floors on the
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northwestern, southeastern, and part of the northeastern exposures of the building. The heat
transmission value for this type of window is 4.6 W/m2°C. The second type of glass is 5 mm
(3/16") th_ickclear glass used in the guestroom windows, also with a heat transmission value of
4.6 W/mZ°C.

Windows are found to be tight-fitting, weather-stripped, and most are fixed in their frames.
These factors allow for reduced air infiltration due to cracks or leakages.

Shading Coefficient. The shading coefficient is the ratio of the solar heat gain of fenestration
to the solar heat gain of reference glass, which is a single sheet of clear glass. The shading
coefficient depends in general not only on the type of glass but also on whether venetian blinds,
shades, draperies, etc., are used on the windows. Values for a range of commonly used glass
types can be found in the ASHRAE Handbook of Fundamentals.

Curtains of various weaves are used extensively on almost ali windows. Taking this, and the
glass type used, into account, the shading coefficient for the clear glass is 0.64, and for the
reflective-coated glass it is 0.42.

Window-to-Wall Ratio. Window-to-wall ratio is the total glass area divided by the sum of the
total fenestration area and the total opaque wall area o! the building. Hotel Intercontinental has a
window-to-wall ratio of 0.4458, an average value for most of the buildings surveyed by the team.
A relatively large window area may account for the signilicant load due to heat gain through glass.
Roof:

The roof is a flat concrete slab provided with a 2 in. fiberglass insulation blanket. The com-
puted heat transfer coefficient (U-value) is 0.477 W/m2°C. The addition of an insulating material to
the roof construction caused a significant reduction in the heat transmittance value of the roof sys-
tem.

Total roof area is 3020 m2, which is only 10% of gross floor area. The thermal absorptance
value of the roof is a high 0.91 because the external surface is dark-colored. A light-colored finish
is advantageous for maximum reflectivity or lower absorptance. This allows less heat gain into
the conditioned space.

External/Internal Shading:

The effect of solar heat on fenestration may be significantly reduced by installing various
shading devices, such as overhangs, horizontal and vertical architectural projections, awnings,
louvers, and other types of sun baffles.

External shadings of the eggcrate type are used in the guestrooms. This form of shading is
characterized by horizontal projections or overhangs, and vertical projections or fins on both sides
of the window. This type combines the effect of an overhang, which works weil on southerly
orientations, and the effect of fins, which are effective on easterly and westerly orientations.

Precast sunshades with glass washout finish are connected to 75 cm. deep concrete
overhangs. The sunshades, with a depth of 96 cm., sufficiently cover the window area against
solar radiation.

Indoor shading devices for most windows consist of double draperies. Nearest to the glass
areas is a thin white lacy curtain for outward vision and daylight when desired. A dark-colored
close-weave curtain for blocking out sunlight and providing privacy lies over this. However, to
most effectively reduce solar heat gain, drapery exposed to sunlight should have high reflectance
and low transmittance. That means it is better to have the open weave drapery (the white curtain)
on the room side.

Advantages gained through proper use of double draperies are: (1) extreme flexibility of
vision and light intensity; (2) a lowered shading coefficient leading to lowered solar heat gain; and
(3) an improved comfort condition, as the room side drapery is more nearly at room temperature,
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Interior Partitions:

To offset infiltration and heat transmission between conditioned and unconditioned spaces,
thermally-resistant materials must be installed as partitions, leakages in door openings must be
minimized, and practical housekeeping measures must be adopted.

The hotel's wall partitions are constructed of 10 cm. (4 in.) concrete hollow blocks plastered
and with paint finish, lt was noted during the survey that some areas, like the restaurants and
bars, use special types of walt finishing materials such as bamboo, stone, brick, etc. Heat
transmission values (U-values) of wall partitions range between 136 and 2.32 W/m2°C.

Occupancy Schedule

Usage patterns,perhapsthe mostsignificantdeterminant in energy usage, differfor different
types of buildings. Hotel Intercontinental is inherently energy intensive because it operates 24
hours a day.

Offices, function rooms, and shops have greater occupancy densities during the working
days. Shops are open from 8:00 A.M. to 9:00 P.M. with peak hours usually in the morning. Lob-
bies, on the other hand, have a more diverse occupancy density for the 24-hour day. The ground
floor lobby usually fills up with people during the afternoons and mid-mornings.

Restaurants are generally occupied during mealtimes. Even then, the hotel's restaurants
occupancy seldom reach their maximum capacity, except lcr the Jeepney Coffee shop on the
ground floor, which was observed to have a regular influx of patrons. The disco and ballroom have
maximum occupancies during the week-end evening hours.

Internal heat gain due to occupants contributes 23.1% to the total cooling load of the build-
ing. A significant percentage of the building's cooling load due to people may be attributed to the
nature of services offered by the hotel.

AUDIT FINDINGS AND RECOMMENDATIONS

General

Hotel Intercontinental'sannualenergy consumptionis 349 kWh/yr m2. This valuetypifiesthe
average energy consumptionof hotels in Metro Manila, which is 351 kWh/yr m2, based on the
energy surveys conducted by the ASEAN-USAID project staff on eight other hotels.

The air-conditioning system constitutes the largest installed power load, at 50.7% of the total
electrical consumption per year. The air-conditioning system as an energy-consuming component
contributes significantly to the annual electrical consumption of any building. Lighting follows next
at 21.5%, and electrical equipment at 9.6%.

Each of these energy-consuming components will be discussed in more detail later.

Electrical System

Findings:

Distribution System. The main normal power is supplied by the utility grid, MERALCO, at
34.5 KV three-phase primary lines through two transformer banks, each with a rated capacity of
1500 KVA and which step down the primary voltage to 460 volts and 208 volts at the secondary
terminals. A nominal voltage of 440 volts, 60 Hz, is utilized for large motor loads, which include
the chiller compressor motors and other large motors. The 208 volt system serves the general
lighting load and convenience outlets as well as small motor loads, such as relrigerators and shop
equipment.

In general, the distribution system layout is adequate to serve the electrical power needs of
the various building facilities. Line efficiency is assumed high, allowing only minimal line losses
which are estimated to account for roughly 28,649 kWh/yr.

Indoor Lighting System. The lighting system consists mostly of incandescent lamp fixtures,
as is typical of hotel buildings where the aesthetic and color-rendering properties of incandescent
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lighting are most appropriate. A comparatively smaller portion comprises 1 x 40 W and 2 x 40 W
fluorescent lamp fixtures of the high power factor, rapid-start type. Understandably, incandescent
lighting illuminates areas where guests and hotel customers stay and frequent, such as guest-
rooms, lobbies, restaurants and cafeterias, and ballrooms, while fluorescent fixtures light up the
work areas, such as offices, service and maintenance areas, as well as non-air-conditioned
spaces.

The total lighting input power for the air-conditioned space is estimated at 307.66 kW. Only
26.64 kW (or 8.66%) is attributed to fluorescent lamps; the remainder--281.02 (or 91.34%)--is
attributed to incandescent lamps. Total lighting power density," then is 19.17 W/mz. This is not
far below the standard electrical design value of 20 W/m2. The actual average lighting W/m2 for
the different areas of the building are tabulated below.

Area Served in

Lighting Percent of Total Net
Area W/m-- Air-Conditioned Area

Lobbies/Hallways 15.65 8.93
Shopping Arcade 30.70 3.71
Offices 17.81 4.76
Restaurants/Cafes 1588 11.48
Guestrooms 16.08 57.55
Function Rooms/Ballrooms 44.55 9.75
General Service Areas 9.47 3.82

Although in some areas the illuminance appears adequate, actual light measurements show
illuminance levels at the working place or desk-top level that are lower than the IES (Illuminating
Engineering Society) I'ecommended values. This condition is especially true in such areas as
offices, stairwells, the main kitchen, and hallways on the guestroom floors which are provided with
fluorescent lighting. Good and adequate illumination is present in the lobbies, laundry, and most
hallway areas.

The overall low illuminance level in some areas can be attributed to:

- The low light transmission characteristics ol the plastic diffusers being used for
fluorescent fixtures in the main kitchen and in office areas.

- Task lighting in the guestrooms and in the cocktail lounge LaTerrasse, using only
incandescent lamp fixtures.

- Entirely incandescent lamp lighting in the restaurants and cafeterias, except in
the basement dining area.

- Relatively high mounting heights o! some fluorescent lamp fixtures in the base-
ment hallways and utilizing only 1 x 40 W fluorescent lamp per fixture.

- Relatively dark ceiling and wall coloring.

On the other hand, marginally acceptable illuminance level in other areas can be attributed to:

- Absence of diffusers for open-type fluorescent lamp fixtures in the basement hall-
ways.

- Utilizing 2 x 40 W fluorescent lamp fixtures instead of the 1 x 40 W type.

- Available daylighting.

- Lower fixture mounting height.

" The area being considered is tile building's net air-cond_taonedarea
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The actual measured and IES-recommended illuminance levels for the different areas in the
building are tabulated as follows:

#luminance, lux
Area Actual Measured IES Recommended

1. Hallways:
Basement 15 - 260 215
Shopping Arcade 1250 215

(with daylighting)
Guestroom Floors 30 215

2. Offices:

Engineering 120 - 200 323 - 1076
Front Office 150 - 200 538
Food & Beverage 150 - 175 323 - 1076
Business Center 100 - 125 323 - 1076

3. Lobbies:

Ground Floor 180 - 200 108 - 323
Second Floor (office areas) 100 - 300 108 - 323
Elevator Lobbies 125 - 150 108 - 323

4. Restaurants:

Employees' Bistro 120 - 200 32 - 1076
LaTerrasse 40- 60 32- 1076
Prince Albert 10 - 20 32 - 1076
Fabrica de Cerveza 40 32 - 1076
Jeepney Stop 100 - 150 32 - 1076

5. Engineering Warehouse 180- 280 54-538

6. Laundry 100- 700 323- 1076

7. Stairwell 80 - 120 215

8. Main Kitchen 180 - 200 323- 1076

The indoor lighting system efficiency, when measured in terms of actual useful lumens
received on the working plane, is quite low, with an estimated overall efficacy of 18.22
lumens/watt. With the majority of the lighting fixtures consisting ol incandescent lamps with a
mean efficacy of about 12 lumens/watt, and with only a small portion comprising fluorescent
lamps with a nominal efficacy of about 61 lumens/watt, the overall mean lumens/watt is estimated
as follows:

For fluorescent lamp fixtures:
1

Total watts = (26.64 kW + 0.90 x 25.40 kW)-_- = 41,25 kW

For incandescent lamp fixtures:

Total watts = 281.02 kW + 0.10 x 25.40 kW - 283.56 kW
b

61 x 41.25 + 12 x 283.56
Mean Efficacy = = 18.22 lumens/Watt

41.25-+ 28356

where:
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26.64 kW = actual input power due to tluorescenl lamp
fixtures in air-conditioned space

281.02 kW = actual input power due to incandescent lamp
fixtures in air.conditioned space

25.40 kW = actual total lighting input power in
non-air-conditioned space

0.90 = portion of non-air-conditioned space lighting
due to fluorescenl lamp lixtures

0,10 = portion of non-air-conditioned space lighting
due to incandescent lamp fixtures

1,20 = factor lo account for ballast power losses
(typically 20% oi lamp wattage)

Indoorlightingsystem efficiencyis also measurable by the ballast losses incurred. The total
ballast losses is approximately 11.96 kW or about 3.6% o! the total indoor lighting load, as
presented in the Electrical System Loss Calculations section. Equivalent ballast energy consump-
tion is estimated at 70,879 kWh/yr (P141,759/yr @ P2/kWh)" or 14% of the total accumulated
annual building electrical energy losses.

Building Convenience Outlets and Appliance Loads in the Air-Conditioned Space. Most of
the appliance loads inside the air-conditioned space are due to household refrigerators and color
television sets for the guestrooms, household relrigerators and freezers in the restaurant areas,
and laundry equipment (which is the largest consumer concentrated in a single enclosed area).

Some lighting loads are also connected to receptacle outlets but these are already incor-
Ix)rated in the building total lighting load.

Estimates show that the appliancet and receptacle loads constitute 131.71 kW o! the total
building load. Its overall expression in terms of power density:l: is 8.20 W/m2. A power density
tabulation according to the different areas is given below

Area Served
Equipment Percent of Total Net

Area W/mz Air-Conditioned

Lobbies/Hallways 0.0 8.9
(or negligible)

Shopping Arcade 529 3.7
Offices 3.72 4.8

Restaurants/Cafeterias 1.59 11.5

Guestrooms 867 57.6

Function Rooms/Ballrooms 266 9.8

General Service Areas 62 79 3.8

Electrical Power Factor Characteristics. The monthly metered electrical power factor of the
building electrical system has been consistently maintained at a high 99% or better, due to an
installed power factor correcting capacitor bank. As a bonus, the billing power tactor constant is
reduced to 0.951, so that immediate monthly savings o! P9,800 ' per hundred thousand kWh is

• The conversionrate used,as of June, 1990,was 22885 Phihppmepesos to 1 U.S Dollar
t The terms appliance,convenienceoutlets/loads,and receptacleoutlets/loadsmay be used interchangeably.
:l:The area consideredis the building'snetair-condit=onedarea
• Taken at P2.0/kWh electrical energy costwhich includesgeneratton,demand, and other charges
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obtained.

Building Motor Loads. Table E-7 shows that motor loads compose approximately 76.9% of
the building total load and require 73,6% of the building annual total electrical energy consump-
tion. This indicates that the system is a major source of ECOs.

As expected, the air-conditioning equipment accounts for the largest proportion of motor
input power, being rated at a total of approximately 823.61 kW, whereas other motors comprising
exhaust fans and blowers, elevators, etc., only contribute about half as much at approximately
417.81 kW.

Based on the detailed analysis of the air-conditioning system using computer simulations,
average yearly operating and loading characteristics of the relevant motors can be evaluated.
Other motors not included in the air-conditioning system are evaluated in a less sophisticated and
detailed manner, without benefit of computer simulation, and using only base-line and approxi-
mate values in order to come up with acceptable yearly energy usage estimates.

The entire motor usage calculations, including usage factor (UF), load ratio (LR) determina-
tion, and energy losses breakdown are presented in the Electrical System sub-section.

Further investigation of the motor operating characteristics, shown in Table E-7, reveals the
prevalence of high motor LR characteristics, i.e., more or less 1.0 for those in the air-conditioning
system. The highest LR values are registered by the chiller motors and fan coil units (FCUs),
which are assumed to operate at full load continuously. Only the cooling tower fan motors have
noticeably low LR values. Miscellaneous motors such as boiler feed pumps and air compressor
have varying LR values, since they are assumed to operate at widely varying loads and have very
low UF values, due to their intermittent usage over a 24-hour period. Water pumps and hot water
pumps with varying LR values, but with UF values of 0.6042 and 0.3333, are assumed to operate
at variable loads at different time intervals equivalentto a total of 14.5 and 8 hours at peak load
daily, respectively.

As a method of analysis, the UF values may be taken as representative of the motor loading
ratios, provided the motor operates almost continuously for 24 hours a day. Such a condition is
true for the motors of the air-conditioning system, exhaust fans, and blowers as well as miscel-
laneous kitchen equipment and refrigerators which have almost equal UF and LR values.

Based on the UF values, in addition to actual LR determination, it can be seen that the fan
motors of the air handling units are operating at underloaded conditions. Maintaining a lower fan
cfm may actually be part of an energy conservation plan. Still, an energy conservation opportunity
exists here, as these motors are usually oversized A similar case is evident in the cooling tower
fan motors' loading performance. These motors were found to have very low computed LR
values--at 0.3425--.which shows that these are also oversized.

Motor losses contribute roughly 84,3% to total energy losses incurred (see Table E-11).
This figure implies that a good deal of energy savings can be realized just by reducing the losses.
Again, the larger portion of these losses (55.4%) comes from lhe air-conditioning motor equip-
ment.

Building Load Demand and Energy Usage Prolile. Figures E-1 and E-2 show the load
demand profile for the year 1987 as well as the first quarter report on the same data for the year
1988 (see Table E-10). Illustrated are the behaviors of the monthly kW demand and kWh con-
sumption, and load factor. The highest peak demand kW at 1416 kW was registered during the
month of June and the lowest at 1050 kW on January. The monthly usage averaged over eleven
months (i.e., excluding the month of February, when usage is too low ) is 582,436 kWh. This aver-
age can now be used to obtain a yearly reference usage value, i.e., 6,989,236 kWh/yr, which is
used to validate the simulated yearly usage of 6,989,083 kWh/yr, (see Table E-12) with a percen-
tage error of only 0.002.

The efficiency of maximum demand use is measured by the parameter Load Factor (LF). In
an ideal situation, the LF value is 1.0 and this means that, for the period (i.e., one month) at which
the peak demand was taken, the load demand was constant at the value equal to the maximum
demand. This, therefore, is an optimized situation, wherein the demand charge costs do not have
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to cover wastages (see Figure E-5). Actual LF values taken lor the whole year indicate a high of
0.705 during the month of January and a low of 0.540 during the month of October. The annual
average LF is 0.632, which is equivalent to saying that the annual average maximum demand was
in use 63.2% of the time. This is a relatively satisfactory value, though a lot of demand charge
costs savings could still be obtained.

The energy usage breakdown is given in Table E-12 and illustrated graphically in Figure E-
4. Based on this figure, it can be observed that the largest single energy-using component is the
cooling plant--at 41.1% of the total. Lighting in the air-conditioned space is the next largest single
energy-using component, with 21.5% of the total. Miscellaneous consumption, electrical equip-
ment (in the air-conditioned space), and air-conditioning system auxiliaries constitute smaller per-
centages at 18.4, 9.6, and 9.5 of the total, respectively.

Electrical Usage Factor and Load Ratio Determination. In the absence of a complete set o't
electrical demand measurements and for the purpose ol simple computational presentation, the
term Usage Factor (UF) will be adopted to relate the annual electrical energy usage with the
energy usage at rated input power and continuous operation (i.e., 24 hrs/day x 365 days/yr -- 8760
hrs/yr for a hotel) of a particular connected load. More importantly, by using the UF, electrical sys-
tem component energy losses can be estimated with acceptable accuracy while avoiding tedious
computations. The mathematical expression is delined as follows:

Annual Energy UsageUF=
Rated Power Input x 8760

Load Ratio (LR), as used in this report, is understood to reflect the loading characteristic of
an electrical energy consuming component by relating the actual power input with the rated power
input. The mathematical expression is as follows :

Actual Power InputLR=
Rated Power Input

or:

Annual Energy UsageLR=
Rated Power Input x Total Operating Hours/yr

Usage Factor and Load Ratio Calculations

Chillers

Chiller 1:

Operating Hours = 5840 hrs/yr
Rated Input Power = 332.95 kW
Rated COP = 4.5

Rated TR = 426 (derated from an initial 450 to account tor equipment age)

From computer simulation reporls, the lollowing data were obtained:

Time Period = 2944 hrs/yr
Chiller Average Part Load Ratio (CAPLR) = 0.92
Chiller COP Factor * = 0.9037

• Note: To obtain average operating COP, the chiller COP Js mult_l_hed by the Chiller COP Factor defined by
the equation: 0.222903 + 0313387 x CAPLR -_0 463710 x CAPLR (Source DOE 2 Engineer's Manual)
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Hence, calculation yields:

12000 Btuh/ton x (CAPLR x RatedTons)
Average Power Input =

3413 Btuh/kW x (COPlactor x Rated COP)

Average Power Input = 12000 x (0.92 x 426) _ 338.85 kW
3413 x (0.9037 x 4.3)

338.85
LR- - 1.018

332.95

Similarly,

Time Period = 2896 hrs/yr
Chiller Average Part Load Ratio = 0.894
Chiller COP Factor = 0.87368

Averag_ Power Input = 12000x (0.894 x 426) _-340.59 kW
3413 x (0.87368 x 4.5)

340.59
LR - - 1.023

332.95

1.018 x 2944 + 1.023 x 2896
Average LR -- = 1.02029,_t4+ 2896

Chiller 2:

Operating Hours = 2190 hrs/yr
Rated Input Power = 243.26 kW
Rated COP = 2.9
Rated TR = 200

From simulation reports, the following data were obtained:

Time Period = 1104 hrs/yr
Chiller Average Part Load Ratio = 0.912
Chiller COP Factor = 0.8944

Hence,

Average Power Input = 12000 x (0.912 x 200) = 247.25 kW
3413 x (0.8944 x 2.90)

247.25
LR- - 1.016

243.26

Similarly,

Time Period = 1086 hrs/yr
Chiller Average Part Load Ratio = 0.909
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Chiller COP Factor = 0.8909

Average Power Input = 12000 x (0.909 x 200) = 24'7.41kW
3413 x (0.8909 x 2.90)

247.41
LR=_-1.017

243.26

1.016x1104+ 1.017x 1086
Average LR = = 1,016

1104 + 1086

For Chillers 1 and 2, therefore:

1.020 x 332.95 x 5840 + 1.016 x 243.26 x 2190
Average UF = = 0.500

(332,95 + 243.26) x 8760

Condenser Pumps

Average Measured Power Input/Unit = 18.10kW
Rated Power Input/Unit = 21.19 kW
Operating Hours =

2 units at 5840 hrs/yr (Chiller 1 on)
1 unit at 2190 hrs/yr (Chiller 2 on)

18.10
LR = _ - 0.854

21.19

2 x 18.1 x 5840 + 18.1 x 2190
UF = = 0.6762

2 x 21.19 x 8750

Coofing Tower Fans

Operating Hours =
3 units at 5840 hrs/yr (Chiller 1 on)
2 units at 2190 hrs/yr (Chiller 2 on)

Total Usage of Cooling Plants = 2,873,160.93 kWh/yr

Cooling Tower Fans Usage = 2,873,160.93 -- ( Chillers Usage + Condenser Pumps Usage )

= 2,873,160.93 - [( 1,02 x 332.95 x

5840 + 1.016 x 243.26 x 2190) +

( 0.854 x 2 x 21.19 x 5840 + 0.854 x 21.19 x 2190)]

: 97,586.01 kWh/yr

LR = 97,586.01 = 0.3425
3 x 13.01 x 5840 + 2 x 13.01 x 2190
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UF = 97,586.01 = 0.2854
3 x 13.01 x 8760

Fan Coil Units (FCUs)

Rated Input Power (total) = 11.0 kW
Actual Input Power (total) = 11.0 kW
Operating Hours = 24 hrs/day (approx. at peak load)

11.0
LR- - 1.0

11.0

11.0 x 8760
UF = = 1.0

11.0 x 8760

Air Handling Units (AHUs)

AHU Motor Rated Rated k W Operating Daily Rated
No. k W Output Input Hrs/Day Energy Usage

(1) (2) (3) (2) x (3)

1 3.730 4.60 6 27.60
2 5.595 6.66 14 93.24
3 11.190 13.01 19 247.19
4 5.595 6.66 9 59.94
5 11.190 13.01 20 260.20
6 5.595 6.66 10 66.60
7 14.920 17.05 22 375.10
8 7.460 8.78 11 96.58
9 5.595 6.66 14/7 13.32

10 2.238 2.76 75/7 29.57
11 5.595 6.66 11 73.26
12 7.460 8.78 10 87.80
13 7.460 8.78 9 79.02
14 2.238 2.76 11 30.36

Total: 112.62 1539.78 kWh/day

From the DOE-2 computer simulation outputs: The air system lans (AHUs and FCUs com-
bined total) yearly usage is 379,358.00 kWh/yr. Yearly AHU fans usage is therefore:

379,358.00 - FCU's Usage = 379,358.00 - 11.0 x 8750

= 282,998.00 kWh/yr

LR = Varies

UF= 282,998.00 - 0.2869
112.62 x 8760

Chilled Water Pumps

Rated Input Power = 2 x 21.19 kW
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Operating Hours =
2 units at 5840 hrs/yr (Chiller 1 on)
1 unit at 2190 hrs/yr (Chiller 2 on)

Actual Energy Usage - 287,425.00 kWh/yr (Source: DOE-2 output reports)

LR = 287,452.00 = 0.978
2 x 21.19 x 5840 + 21.29 x 2190

UF = 287,425._,_0 = 0.7742
2 x 21.19 x 8760

Lighting (Air-Conditioned Space)

Rated Input Power = 307.665 kW
Actual Energy Usage = 1,498,908.89 kWh/yr
Operating Hours = 24 hrs/day

LR = Varies

UF = 1,498.908.89 = 0.5562
307.665 x 8670

Electrical Equipment (Appfiances/Convenience Outlets WithinAir-Conditioned Space)

Rated Input Power = 131.71 kW
Actual Energy Usage = 667,538.97 kWh/yr
Operating Hours = 24 hrs/day

LR = Varies

UF= 667,538.97 =0.5786
131.71 x 8760

Miscellaneous Consumption

Lighting (Non-Air-Conditioned Space)

Rated Input Power = 25.4 kW
Operating Hours -- 20 hrs/day (approx. equiv.)
Actual Energy Usage = 25.4 x 20 x 365 = 187,274.2 kWh/yr

LR = Varies

UF= 187,274.2 = 0.8418
25.4 x 8760

Elevators

Rated Input Power = 256.96 kW
Operating Hours = 24 hrs/day

LR = Varies
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UF = 0.1833 (Source: W.S. Fleming and Associates, Typical Load Profiles.)

Hot Water Pumps

Rated Input Power = 30.01 kW
Operating Hours = 24 hrs/day

LR = Varies

UF = 0.3333 (Source: W.S. Fleming and Associates, Typical Load Profiles.)

Water Pumps

Rated Input Power = 21.94 kW
Operating Hours = 14.5 hrs/day (approx. equiv, at full load)
Actual Energy Usage = 21.94 x 14.5 x 365 = 136,137.7 kWh/yr

LR= Varies

UF= 136,137.7 = 0.6042
21.94 x 8760

Boiler Feed Pumps

Rated Input Power = 4.44 kW
Operating Hours = 5 hrs/day (approx. equiv, at full load)
Actual Energy Usage = 4.44 x 5 x 365 = 8103.00 kWh/yr

LR = Varies

8103.00
UF = = 0.2083

4.44. x 8760

Air Compressor

Rated Input Power = 13.01 kW
Operating Hours = 3 hrs/day (approx. equiv, at full load)
Actual Energy Usage = 13.01 x 3 x 365 = 14,245.95 kWh/yr

LR = Varies

UF= 14,245.95 =0.125
13.01 x 8760

Exhaust Fans and Blowers

Rated Input Power = 41.33 kW
Operating Hours = 16.3 hrs/day (approx. equiv, at lull load)
Actual Energy Usage = 41.33 x 16.3 x 365 = 245,892.80 kWh/yr

LR = Varies

UF = 245,892.80 = 0.6792
41.33 x 8760
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Miscellaneous Kitchen and Refrigeration Equipment

Rated Input Power = 50.15 kW
Operating Hours = 9.95 hrs/day (approx. equiv, at full load)
Actual Energy Usage = 50.15 x 9.95 _ 365 -- 182,132.30 kWh/yr

LR = Varies

UF= 182,132.30 = 0.4146
50.15 x 8760

Electrical System Loss Calculations.

Formulas

Ballast Losses

Ballast Power Losses - 20 % of Total Lighting Input Power
Ballast Energy Losses = Ballast Power Losses x UF x Operating hrs/yr

Line Losses

Line Energy Losses = Percentage Factor x Total Energy Usage

Line energy losses for motor loads are typically 1% to 4% of the aggregate motor
usage (full-load conditions) in an industrial work area. Considering that the lighting
and appliance power distribution system in a hotel building is characterized by an
overall low demand factor aside from a higher power factor, this percentage factor may
therefore be reasonably reduced to say, 0.3%.

Thus, for the Lighting and Appliance Distribution System:

Line Energy Losses = 0.003 x Total Lighting and Appliance Usage

The typical hotel building being characterized by a much smaller aggregate
motor connected load and a less extensive motor cable system, the percentage factor
may be reasonably diminished to say, 0.5%.

Thus, for the Motor Distribution System:

Line Energy Losses = 0.005 x Total Motor Usage

The ensuing loss calculations are just rough estimates and may only be taken to
estimate the range of magnitudes of existing line losses.

Motor Losses

Rated Power Losses = (1 - Rated Efficiency) x Rated Power Input

Energy Losses = Rated Losses x UF x CF x Operating hrs/yr

Note: For motors with undetermined LR values, CF is assumed to be unity, i.e., CF =
1.

Equation ol CF:

CF = 0.56 x LR2 + 0.44 (typical loss-loading relation)
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where:

UF = Usage Factor

CF = Loss Factor (used to adjust computed losses
due to loading variations)

LR = Actual, mean, or estimated loading ratio of motor
for a certain time period

Loss Calculations.

Ballasts

Air-Conditioned Space'

Total Fluorescent Lamp Input Power = 34.81kW (approx.)

UF = 0.5662

Ballast Power Losses = 0.20 x 34.81 = 6.962kW

Ballast Energy Losses = 6.962 x 0.5662 x 8760

= 33,921.04 kWh/yr

Non-Air-conditioned Space'

Total Fluorescent Lamp Input Power = 25.0 kW

UF = 0.8438

Ballast Power Losses = 0.20 x 25 = 5.00 kW

Ballast Energy Losses = 6.962 x 0.5662 x 8760

= 33,921.04 kWh/yr

Total Ballast Energy Losses = 33,921.04 + 36,958.44

= 70,879.48 kWh/yr

Line Losses

Lighting and Appliance Branch Circuits and Feeders

Breakdown of Lighting and Appliance Usage

Load Component kWh/yr

Lighting (Air-conditioned space) 1,498,908.89
Elect. Equipment/Appliance

(Air-conditioned space) 667,538.97
Lighting (Non-air-conditioned space) 187,274.20
Misc. Kitchen and Ref. Eqpt. 182,132.20
Total: 2,535,854.26

Lighting and Appliance System Line Losses ' 0.003 x 2,535,854.26 = 7,607.56 kWh/yr
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Motor Branch Circuits and Feeders

Breakdown of Motor Load Usages

Load Component kWh/yr

Air-Conditioning system: 3,539,943.96
Misc. Motors:
Elevators 412,677.80
Hot Water Pumps 87,600.00
Water Pumps 116,117.45
Boiler Feed Pumps 8,103.00
Air Compressor 14,245.95
Exhaust Fans and Blowers 245,892.80

Total: 4,424,581o00

Motor Equipment

For the chillers, chilled water pumps, cooling tower fans, and condenser pumps,
approximate energy losses are calculated as follows:

Actual Energy Usage/yrUF=
Rated Input Power x 8760/yr

Therefore:

Actual Energy Usage = UF x Rated Input Power x 8760

= k [ P1T1+ P2T2 ]

UF x Rated Input Power x 8760k-

IP1 T1+ P2T21

Thus, for an energy-using component with several sets of equipment units, say two,
operating at different time periods:

Total Energy Losses= k x CF, x (1 - n,)P, T,, i = 1,2

UF X Rated Input Power x 8760 r 1
ICF1 (1 -n,) P1T1+ CF2(1 - n2) P2T2/

P1T1 + P2 T2 L J

If n1= n 2 = n; and CF1= CF 2 = CF, then:

Total Energy Losses = UF x CF x Total Rated Input Power x 8760 x (l-n)

where:

k = constant of proportionality

P_.P2 = Rated Input Power values drawn by specific motor
equipment when Chiller 1 is on and when Chiller 2 is on,
respectively.
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T1,T2 = Time duration values when Chiller 1 and Chiller 2
are on, i.e., 5840 and 2190 hrs/yr, respectively

ni, n2 = Rated efficiencies of P1and P2,respectively
n = Rated efficiency

OF1, OF 2 = Loss factors of P_-and" P2, respectively
CF = Loss factor.

Chillers

CF_= 1.023 and CF 2 = 1.018

Energy Losses = 0.50 x (332.95 + 243.26) x 8760 x332.95 x 5840 + 243.26 x 2190

[1.023 x (1 - 0.95) x 332.95 x 5840 .

1.018 x (1 - 0.92) x 243.26 x 2190]

= 145,532.81 kWh/yr

Coofing Tower Fans (n_ = n2 = n3 = n = 0.86)

CF1= CF2 = OF 3 = CF = 0.506

Energy Losses = 0.2854 x 0.506 x 3 x 13.01 x 8760 x (1 - 0.86)

= 6,912.50 kWh/yr

Condenser Pumps (n_ = n2= n = 0.88)

CF1= CF2- CF = 0.848

Energy Losses = 0.6762 x 0.848 x 2 x 21.19 x 8760 x (1 - 0.88)

= 25,545.67 kWh/yr
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Air Handfing Units

The following tabulation can be derived trom Table E-1

Measured k W Operating Output Losses
AHU Motor k W Output Losses Hfs/Day k Wh/Day k Wh/Day

No. (1) (2) (3) (1)x(3) (2)x(3)

1 1,599 0 358 6 9 594 2.148
2 1.357 0.552 14 19.00 7,728
3 5.473 0.975 19 103.99 18,525
4 4,355 0.850 9 39,20 7.65
5 2.849 0.781 20 56.98 15,62
6 3.460 0.728 10 34.60 7.28
7 11.100 1.556 22 244.20 34,232
8 2.826 0.624 11 31.09 6.864
9 8.386 1.334 14/7 16,77 2.668

10 1.551 0,386 75/7 16.618 4.136
11 3,009 0.678 11 33.099 7.458
12 4.414 0.791 10 44.14 7.91
13 4.414 0.791 9 39.726 7.119
14 1.502 0.378 11 16.522 4,158

Total: 705.529 133.496

UF = Rated Energy Usage = k(Actual Energy Outpul -_Energy Losses)

0.4114 x 116,21 x 8760 = k (705.529 4 133.496) x 365

Energy Losses = k x 133.496 x 365

0.4114 x 116.21 x 8760x 133.496
705.29 -_133 496

= 66,654.42 kWh/yr

(where k = constant oi propotlionality )

Fan Coil Units (n = 0.84)

Energy Losses = 11 x 8760 x (1 - 0.84) -.--15,417.6 kWh/yr

Chilled Water Pumps (n_ = n2 = n = 0.88)

CF1 = CF2 = CF = 0.976

Energy Losses = 0.7742 x 0.976 x 2 x 21 19 x 8760 x (1 - 0,88)

= 33,662.73 kWh/yr

Elevators (n = 0.90)

Energy Losses = 0.1833 x 256.96 x 8760 x (1 - 0.90) --:41,260.27 kWhr/yr

E-22



Hot Water Pumps (n = 0.87)

Energy Losses= 0.3333 x 30.01 x 8760 x (1 - 0.87) = 11,390.66 kWh/yr

Water Pumps (n = 0.85)

Energy Losses = 0.6042 x 21.941 x 8760 x (1 - 0.85) = 17,418.58 kWh/yr

Boiler Feed Pumps (n = 0.84)

Energy Losses = 0.2083 x 4.44 x 8760 x (1 - 0.84) -_1296.27 kWh/yr

Air Compressor (n = 0.86)

Energy Losses = 0.125 x 13.01 x 8760 x (1 - 0.86) = 1994.43 kWh/yr

Miscellaneous Kitchen and Refrigeration Equipment (n = 0 83)

Energy Losses = 0.4146 x 50.15 x 8760 x (1 - 0.83) = 30,963.73 kWh/yr

Exhaust Fans and Blowers (n = 0.84)

Energy Losses = 0.6792 x 41.33 x 8760 x (1 - 0.84) = 39,344.78 kWh/yr

Recommendations:

Distribution System.

Distribution Imbalance. Distribution imbalances, such as voltage imbalance across the
phases and line current imbalance, will cause inefficiencies in ali motors connected to the
distribution system. Hence, it is always important to check if system voltage imbalance or
line current imbalance is present. If these defects are found to be occurring in the system,
adequate steps should be taken to improve the balance of the loads on each panel. As a
benchmark, it is acceptable to have the panelboard loading (amperes) balanced within 10%
or lesser of each phase. Voltage imbalance tolerance, as a rule, is much smaller as com-
pared to "allowable" current imbalance.

Under-Utilized Transformer Capacity. The hotel building's electrical loads are supplied
via two transformers with a capacity ol 1500 KVA each and are located in the same substa-
tion. From the utility billing receipts, it was found that the highest maximum demand
registered was 1416 kW during June 1987 (see Table E-10) Since this value is less than the
rated capacity of one transformer operating at a high power factor, the total transformer
losses could be substantially reduced by connecting ali loads to a single 1500 KVA
transformer. The other transformer then becomes a standby unit and the losses associated
with it are avoided.

Savings are calculated as follows:

Annual Savings = 1,500(1 - 0.984)0.20 x 8760

= 42,048 kWh/yr

where

1500 = KVA rating of the transformer to be taken off.

0.984 = rated efficiency oi the transformer(typical).
0.20 = iron loss tactor.

8760 = operating hours per year.
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Note that these values should be treated only as a partial guide. Further technical
evaluation should be conducted in order to come up with actual measured data and support-
ing analysis.

Indoor Lighting System.

• Low illumination levels, especially in work areas, can initially be improved at minimal
cost by:

- Cleaning of lamps, diffusers and reflectors regularly as accumulation of dirt
reduces the efficacy of the fixture.

- Repainting of fixture reflectors, if necessary.

- Repainting the ceiling with lighter finishes

- Cleaning walls regularlyto avoid a_,, _mulationol light-absorbing dirt.

• Low illumination levels in the hotel spaces occupied or frequented by hotel guests and
customers are due mostly to incandescent lighting. Therefore, further steps to
increase these illumination levels could either result in more capital expenditures, such
as by increasing the number of connected incandescent lamps; reducing the localized
ambience provided by incandescent lighting; and more capital outlay for lamps with
reduced color-rendering properties but higher efficacy, such as fluorescents. Hence,
further study should be conducted in order to decide on a feasible compromise. To
mention one possible solution, in such places where natural light is available, the
incandescent fixtures should be controlled by a suitable lighting control mechanism,
such as a manually or automatically operated light dimmer, so as to optimize the
usage oi sunlight by dimming the artificial lighting whenever sufficient daylight is avail-
able.

• Further optimization measures could be undertaken--especially in areas where
fluorescent lighting is present--with minimal cost, by:

- Removing ali louvers and diffusers in areas where the illumination is low and the
consequent glare can be tolerated, such as in the kitchen, service elevators, and
storage areas.

- Turning off lights during daytime in areas where their light is hardly noticeable, as
in the shopping arcade (with incandescent lighting), particularly in the areas
closest to the windows,

- Checking il the ballasts oi delamped fluorescent tixtures are still connected. For
a two-lamp fixture, where o_'_=_ampis removed but the associated ballast still
connected, energy still consumed by the ballast amounts to 20% of the lamp
usage, lt is important to cut the black and white leads of the relevant ballasts
once these are found in order to effectively disconnect them from the circuit.

Small Appliance and Convenience Outlets. Employees should be encouraged to turn off
electrical office equipment, such as copiers, typewriters, calculators, and water heaters when not
in use. Avoid "idling" of shop and kitchen electrical machines and tools. Refrigerators should be
located so as to allow sufficient air circulation at their back portions where the associated air-
cooled condensers are installed. Regular cleaning routines for this equipment will allow further
energy savings.

Electrical Power Factor Characteristics. The existing power factor (PF) correcting capacitor
bank is--as is usual--installed at the main distribution panel. This, however, requires automatic
sensing of the prevailing PF and automatic switching oi the capacitors. This is due to the variable
characteristic of the overall system PF which is dependent on the percent loading of the con-
nected loads--specifically, the motors--and the turning on and off of ti,e loads, Therefore, ii is
suggested that the automatic sensing and switching device, ii there _s one, be investigated.
Without this device, turning off a large portion oi the motor loads can cause over-correction of the
system PF. This, in turn, leads to overvoltage that is both harmlul to equipment and can cause
momentary inefficiencies, which will accumulate with the passage of time.

E-24



Another way to achieve PF correction is to connect individual capacitors to each motor. This
method ensures that the motor line losses will be considerably reduced, due to the PF improve-
ment of the motor distribution system. Notice that although the system PF is improved by the
installation of a capacitor bank at the main distribution panel, the PF oi the motor distribution sys-
tem is uncorrected--with comparatively higher line losses than if it were PF corrected. The only
drawback to this method is the higher cost per capacitor KVAR as compared to the other method.

lt is therefore suggested that, upon thorough technical evaluation, the value o! avoiding
overvoltage in the electrical system through capacitor automatic sensing and switching be seri-
ously considered, and if such measures are not yet in effect, that relevant actions be undertaken.
Furthermore, it may also be worth considering connecting individual capacitors to motors, particu-
larly those with very low measured PFs.

Building Motor Loads. ECOs in motor loads may be found and isolated in the underloaded
motors of the AHUs and cooling tower fans.

Table E-1 presents the findings on the AHUs and the cooling tower tan motors. Input
powers (kW) for ali the motors were measured at actual loading conditions, except for the cooling
tower fan motors, due to their inaccessibility. Estimated input power for each cooling tower fan
motor was obtained by multiplying the motor input kW rating by the computed average loading
ratio (LR is 0.3425, see Table E-7). Motor nameplate HP ratings and typical efficiencies at full
load, three-quarter load, and half-load were also tabulated. These data were then input to a com-
puter program specifically developed to generate the motors' loss equations and from these, cal-
culate the actual motor output powers, losses, percent efficiencies, and Ioadings. Tables E-1 and
E-2 are reproductions of the software's output showing data needed for evaluation of motor losses
and sizing. From these tables, the motors are identified only by their respective motor numbers.
Thus, for proper identification as to the area served, Table Eo8should be consulted. Motor No. 15
is not the AHU motor in the pre-cooler area (which is not operational), but is, rather, a single motor
unit representing each of the three cooling tower fan motors. In the absence of actual measure-
ments, the assumption is that the three cooling tower fan motors have identical actual operating
data to that of motor No. 15. Hence, operating hours ol motor No. 15 in Table E-6 is the aggre-
gate operating hours of the three cooling tower fan motors. ,

Using these processed data, the motors' typical efficiency vs. loading curves can be easily
plotted, as in Figure E-6. Notice the shape of the curves. As the loading progresses from zero
upwards, the losses increase as the variable losses increase in proportion to the percent loading.
The characteristic is also illustrated by the equations below:

L = L_oo(Ax2 + B) ' Motor Loss Equation (1)

where'

L = losses at any load

Lloo = losses at full load
A = constant (variable losses coefficient)

B = constant (fixed losses coefficient)

X = loading ratio = actual output power/rated output power

Further mathematical manipulation yields the equation of the efficiency vs. percent loading
curves as follows:

1p__E..001 + k (Ax 1-_PL 100B,= + ----_-) • Efficiency vs. Percent Loading Equation (2)

where'

PE = actual efficiency (%)
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k = L_oo/ratedoutpul (kW)

PL = percent actual loading

Given the loss equation constants A and B and using Equations 1 and 2, simulation of the
losses and efficiency at any load can be undertaken for the purpose of proper motor sizing and
optimized leading.

Tables E-1 and E-2 present lhe processed data based on actual input power measurements
(except for the cooling tower fan motors). However, the basis for further detailed technical evalua-
tion (i.e., sizing of replacement motors) is the measured input power data of AHU motors multi-
plied by the factor C (0.924) to account for deviations from the measured actual input power data
o! each AHU motor. These are based on the computer simulation results ol the motors' kWh/yr
usage. ]'his new set of input power data is then computer-processed, as presented in Tables E-3
and E-4. Utilizing the resulting data, calculations using a computer spreadsheet software package
such as the Lotus 123 program are generated in a tabular format as seen in Table E-6. The pro-
cedure is to size the approximate replacement motor by dividing the present motor output (kW) by
0.746 (the conversion factor from kW to HP). As a rule, a replacement motor is sized according to
the nearest higher HP rating, in anticipation of tuture increase in loads. Table E-6 shows the cal-
culated sizes of the replacement motors. The kWh usage savings are derived by calculating the
usage differences between the existing and the replacement motors. Those replacements with
negative savings are canceled and the corresponding existing molors then considered properly
sized, whereas those with positive values are considered tor possible replacement. Those HP rat-
ings are given in Table E-6.

Referring to Table E-6, motors numbered 2, 6, 8, 10, 11,14 and 15 (3 units) are now prelim-
inarily considered as candidates for replacement. Upon replacement with HP ratings of 2.0, 5.0,
5.0, 2.0, 5.0, 2.0, and 5.0 (3 units), respectively, estimated kWh savings of 2307.47 kWh/yr are
obtained. These results, however, should be reinforced by further technical evaluations which use
a more extensive set of actual measurements to come up with more conclusive results.

Building Load Demand and Energy Usage Profile:

Load Demand Rescheduling. Rescheduling the use oi electrical equipment can lower t:_e
demand peaks. This action may not actually reduce the total energy used. But it will reduce the
demand charge paid to the power company.

Theoretically, reduction in power demand reduces the required standby capacity, which in
turn may postpone the utility company's need to install costly additional capacity to meet an
increasing load on its systems.

A graph oi load demand versus time before re-scheduling (see Figure E-5a) could assist in
the evaluation of possible savings, lt is therefore suggested that adequate monitoring and data
recording equipment, such as submetering (see next recommendation below), be installed to
obtain the load profiles of large electrical equipment, as well as that of the lighting system. If the
overall plot shows some high cyclical peaks, usually some savings are possible by altering equip-
ment usage during off-peak hours in order to shave ofl the peak demands.

A sample graphical analysis is shown in Figure E-5b. Just by leveling off the peak from a
before-demand high of 1400 kW to 1100 kW after rescheduling will produce cost savings of:

(1400 - 1100)kW x (P12.60/kW demand per month) x 12 mos./yr.
..

= P45,360.00/yr

Another simple but effective way of emphasizing the savings benelits attainable through the
demand-saving scheme is by determining the annual savings that can be obtained per kW as in
the following:

Cost savings = (P12.60/kW demand per month) x 12 mos./yr.
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= P8,612.11 kW/yr.

A quick matter-of-fact analysis should easily point out how much more could be saved, just
by learning to lower the usually neglected peaks by a few more kilowatts.

Install Submetering. S_lbmetering is helpful in monitoring the loading behaviors of motors
and other large equipment, as well as lighting systems. Appropriate demand control can then be
achieved by referring to data acquired by submetering and subsequently pedorming the relevant
peak-reducing schemes.

Air Conditioning System

Findings:

General Space. The functionof air-conditioningis to provide the desired thermal comfort
conditionsfor the occupantsinside a building, The attainmentof these conditionsrequiresthe
consumptionof electricity to operate the air-conditioningequipment. Due to the presentenergy
cdsis experienced in many countries, the study of more efficient designs for buildings becomes a
continuous process even though er.ergy conservation measures have been already implemented.

Indoor Design Temperature. To conserve energy, the suggested inside temperature of con-
ditioned spaces is 25.6°C (78°._) Based on the actual measurements during the survey, the tem-
peratures maintained in the public areas inside the hotel is already more or less 25.6°C. Tem-
peratures maintained in the guestrooms, controlled by the thermostat and Ian speed selector,
depend on the occupants' preference.

Ventilation Requirements. Admission of outdoor air and exhausting a portion of recirculated
air is necessary to maintain the quality of air inside the space. However, the amount of outdoor air
admitted must bf kept to a minimum in order to conserve energy.

lt was observed that efforts have been made by the hotel's staff to reduce ventilation air.
With th8 exception of the laundry's AHU, which uses 100% outdoor air, the outdoor air dampers of
ali AHUs are closed, thereby admitting somewhat lower quantities of ventilation air than those
called for by the design.

Infiltration. During the conduct of the detailed energy audit, ali windows and doors were
checked for possible infiltration of outside air. The windows are generally tight-fitting, thereby
preventing infiltration and reducing cooling energy.

Internal Loads. The primary sources of internal loads are people, lights, and equipment
operating in the conditioned spaces. Hotel Intercontinental has conditioned areas of 23.7
m2/person for g_estrooms (based on 68% average occupancy), 14.3 m2/person ,or lobbies, and
2.4 reZ/person for the remaining function areas such as restaurants, offices, etc. Lighting and
eq.u.ipmentdensities are 19.17 W/m2 and 8.21 W/m2, respectively. '

External Loads. The external loads are composed of the heat gains through windows, walls,
and roofs. External, as well as internal, shading devices are utilized to limit the solar transmission
through v_indows. The walls and roof are of light color to decrease solar absorption.

The hotel's space conditions discussed previously were used in the calculatior of the cool-
ing load. The cooling load is the rate at which heat must be removed from the conditioned spaces
inside the building in order to maintain the desired thermal comfort conditions. The load was
estimated through the three computer programs, ASEAM-2, Carrier, and DOE-2 (see Table E-13).

The percentages of the cooling load components are important as guides in energy conser-
vation, since they indicate the potential areas where cooling energy can be reduced. However,
reduction of cooling load has its limitations or restrictions. For example, heat gain through glass is
the biggest component but use of additional external shading devices presents, at the least, an
architectural problem, and internal shading such as curtains in the guestrooms are not readily
controlled.

Reduction in lighting has a great impact since it affects both cooling and electrical consump-
tion. Use of exIlaust fans in unconditioned spaces and exhaust hoods in some heat-emitting
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devices will reduce excessive heat build-up, decreasing loss of cooling energy through the parti-
tions (next to conditioned areas) and increasing comforl and therelore efficiency of the employees
in these areas.

Air Distribution System. For the public areas (restaurants, lobbies, offices, and others), the
hotel uses a conventional constant volume AHU which provide a constant volume of air at tem-
peratures that vary according to the load. Fan coil units are used in the guestrooms, function
rooms, and some offices to provide the necessary cooling.

For the cooling load variations, each AHU is equipped with a thermostat, located in the
return air path in the machine room and connected to a water-regulating valve, which controls the
amount of chilled water flowing through the cooling coils. Temperatures in the zones are well con-
trolled since a single AHU serves only one zone, that is, a space with a single load profile. Adjust-
ing the thermostat for single AHU will only affect the zone served by that AHU.

Fan coil units found in the hotel have varied capacities and fan motor ratings, ranging from
about 0.023 to 0.373 kW (1/32 to 1/2 HP). Each FCU has a thermostat and a 3-speed fan control
located in the room or space it serves.

Typical among buildings in the Philippines, the air-conditioning system in the hotel has no
humidity control.

An interesting survey finding was the large discrepancy between measured and rated power
of the motors used to drive the fans of the AHUs. Compared to other buildings, the overall fan
W/m3/hr is low, probably because the AHUs are located near the areas they serve. However, ali
of the motors were observed to be operating at loads which are less than the rated load. An
example is the motor serving the laundry AHU. Its measured power is 1.7 kW. This is 70% lower
than the rated motor capacity of 5.6 kW. Thus, either the AHU motors are oversized or the filters
and coils are dirty and clogged.

lt is known that, in an installed fan and duct system, the fan power and flow rate decrease as
the pressure increases. Usually the pressure is increased by restricting the air flow, e.g., use of
VAV dampers, clogged and dirty AHU filters and coils. That is why some air-conditioners mainte-
nance personnel sometimes intentionally allow AHUs to get dirty to obtain energy savings from
the reduced motor power until the occupants complain about the increased temperatures resulting
from the reduced effectiveness of the air distribution system.

This strategy, however, results in "hidden" energy wastage, due to reduced motor
efficiencies. Generally, motor efficiency decreases as actual load is reduced, relative to rated
load. This inefficiency is a major drawback to reducing motor power by allowing reduced air flow
from dirt buildup. Alternative strategies to achieve both energy efficiency and some temperature
control (reduce overcooling of the spaces) are by adjusting the thermostats and/or trying to raise
the chilled water temperature.

The amount of cooling energy required in a space depends on the total cooling load and
number of hours of operation. A decrease in either of the two will reduce consumption oi the air-
conditioning equipment, which accounts for about 50.7% oi the total building electrical consump-
tion. Table E-14 presents cooling energy requirements in percentages.

lt was found that instrumentation used for monitoring the air temperatures and chilled water
temperatures and pressures entering and leaving the AHUs need replacement. These instru-
ments are important in determining whether the system is performing efficiently and for identifying
inefficiencies.

Coofing Plant Equipment. For hotels and other buildings with daily 24-hour operating
schedules, a common p_oblem encountered is over-designed cooling plant equipment. In a
machine room, it is common to find multiple chillers of equal capacity, whereas one unit would be
enough to handle the maximum cooling load of the building, making the others act as standby
units. During periods when the cooling load decreases, the chiller will unload or reduce its capa-
city. However, at this unloaded condition, the chiller operates at very low efficiency and might
even surge, causing damage to the compressor.
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The design of the cooling plants for the Hotel Intercontinental solved this problem. For the
air-conditioning requirements of the hotel, three centrifugal chillers with rectangular induced-draft
cooling towers are utilized. One chiller has a capacity of 450 tons, while the other two are 200
tons each. The 450-ton chiller is usually operated from 8:00 AM. to 10:00 P.M., the period of
maximum cooling load occurrence. A 200-ton chiller is operated from 10:00 P.M. to 3:00 A.M.,
shut off from 3:00 A.M. to 5:30 A.M., and operated again from 5:30 A.M. to 8:00 A.M. With this
operating strategy, the average operating ratio of the chillers is about 87%, which is about the
optimum for centrifugal chillers.

The cooling plant equipment, including the monitoring instruments, are well-maintained.
Each chiller has working flowmeters (not usually found in buildings' cooling plant installments),
thermometers, and pressure gages for the chilled water and condenser water system, voltage and
current measuring instruments for the chiller, and other chiller gages which are important in
checking the proper system operation.

lt was also noted that the hotel Engineering Staff are conscious of energy savings. Schedul-
ing equipment operation based on demand, such as turning off of AHUs and chillers, is one of
their energy conserving measures.
Recommendations:

Using the data gathered from the preliminary and detailed energy audit, computer programs
were used to determine the annual energy consumption of Hotel Intercontinental. Knowledge of
the breakdown of energy consumption is crucial to identifying potential areas for ECOs.

Relative to other buildings, the percentage consumption of the air-conditioning is low. How-
ever, further reduction of energy consumption can still be obtained. The following is a list of the
ECOs identified. Several computer simulations using DOE-2 were made to analyze the effects of
these ECOs on the total energy consumption of the building.

Air Distribution System/Coofing Plant Equipment

• Rehabifitate Instrumentation in the Air Distribution System. Entering and leaving chilled
water temperatures and pressures, and entering and leaving air temperatures, are important
parameters that must be monitored to check the system performance (air and water sides)
and sources of losses. Losses in chilled water lines due to corrosion and faults in the insula-

tion can be detected if a few thermometers and pressure gages are strategically installed
(e.g., near the fan coils on certain floors). Computer simulations show that losses could
have occurred in the air distribution ducts or chilled water lines. The installation of monitor-
ing instruments would verify these losses.

• Retrofit With High Efficiency Chillers. Since the chiller is the largest single energy consumer
in the building, improvement in its performance will have a significant effect on energy con-
sumption. Good design, installation, and proper maintenance will make a chiller operate at
optimum. However, the improvement of efficiency in chillers has its limits.

Newer chiliers have higher efficiencies than those currently installed in the hotel. Still, a
considerable amount of investment is needed for a retrofit. The existing baffle-type (wood
slats as tower fills) cooling towers can also be replaced by PVC cellular fill types which are
commonly used in newly-constructed buildings. This type of cooling tower is compact and
efficient, lt can provide lower condenser water temperatures as required by the new chillers,
thereby increasing overall plant efficiency. The estimated savings per year was based on
the following:

- The chillers were replaced with those of COP = 5.0.

- The existing cooling towers were replaced with PVC cellular-type towers of the same
size, with two-speed fans.

Replacement of two chillers (both the 450-ton and the 200-ton) is estimated to have a pay-
back period of about 8 years. An alternative is to replace the smaller and less efficient 200-
ton chiller and have a lower payback period. Using a COP of 4.45 for the 200-ton chiller,
computer simulations show a payback period of about 4.5 years.

E-29



Possible replacement of chillers can be done in conjunction with cogeneration using an
appropriate liquid absorption refrigeration unit. This will also result in the elimination of the
use of cooling towers.

• Consider Variable Air Volume System. The variable air volume system provides a variable
volume of air at a constant discharge temperature. When the space demands peak cooling,
maximum air flow is supp..:Jd. As the space cooling requirement decreases, the air flow to
the space is reduced proportionately to a specified minimum flow rate. Air volume is con-
trolled by VAV boxes which throttle the air flow in the air distribution ducts. Each VAV box
has its own thermostat.

New designs are already moving towards VAV systems, for they offer significant fan sav-
ings. AHU fans can have variable speed drives, inlet vane, or discharge damper control.
Variable speed drives are the most efficient but most expensive to purchase. Discharge

. damper control is the least efficient and least expensive to purchase. Inlet vane control is in
the middle both for efficiency and cost. No estimate of payback period was made because
the building plans for the duct layout or air distribution system was unavailable during the
audit.

• Consider Variable Speed Chilled Water System. Most of the time the chilled water pumps
operate at loads lower than design. Substantial savings can be obtained by using variable
speed controllers for pump motors. However, they are known to be expensive and require
careful matching of the motor and drive.

• Investigate Reschedufing of Chillers. Since the 450-ton chiller has a higher rated COP (that
is, at design load), it may even be economical to use it for longer periods if the management
finds the investment for new chillers to be too costly. Computer simulations show savings of
about 45,954 kWh/yr, assuming the part-load performance of the chillers are simulated
accurately.

Boiler System

The hotel's thermal energy requirements(aside from cooking) are providedby the boilers.
There are two firetubeboilersinstalledin the hotelbasement. Each has a rated capacity of 2950
kgs/hrof steam (based on 10.3 bars, 200 bhp rating). Normally,only one boileris operating.On
average, the boilersoperate 16.5 hoursper day.

Steam is raised at 6.2 bargand is used mainly in the calorifierswhichsupplythe hot water
requirementsof the hotel. Industrialfuel oil (IFO) is used as fuel and, in 1987, the total IFO con-
sumptionwas 503,323 lits.

The resultsof the combustiontests conducted during the energy auditare shownin Tables
E-17, E-18, E-19, and E-20.

Table E-18 summarizes the observed average surface temperature of the boiler. Note that
the surface coating of the boiler is aluminum oxide paint.

Based on the data shown in Table E-18, the radiation heat loss from the boiler is about
0.44% of the fuel gross heating value. See Table E-19 for the summary of computations for
radiation-convection heat loss.

The efficiency of the boiler was evaluated using the indirect method (i.e., Heat Loss
Method). Table E-20 summarizes the computed efficiencies oi Boiler No. 1 at various operating
loads.

Other ObservationsRecommendations:

The boiler operates at very high excess air levels. No combustion monitoring is being done.
Hence, the operators are not aware of such uneconomical operation. Adjustments were made
during the combustion testings but the lowest percent 0 2 level obtained was only 7.5%. Reducing
the air supply further resulted in unstable and smoky flames. The high excess air level is also
manifested in the flue gas temperature, which at the observed level, is considered dangerous from
the standpoint of corrosion. Locally available IFO contains a minimum of 3% sulfur. To avoid cold
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end corrosion, 200°C flue gas temperature is generally considered optimum in IFO fired units.
Acid dewpoint is about 175-185°C.

The computed efliciencies are still high even if the excess air levels are high due to the rela-
tively low flue gas temperatures.

The burner is an air-atomized unit that utilizes compressed primary air for atomization.
However, it was observed that the atomizing air pressure is lower (5 ps.) than that of the fuel. In
this case, proper fuel atomization is not ensured.

The fuel should be preheated further to 100-105°C, the usual preheat temperature require-
ment for locally available IFO, to obtain the correct viscosity to facilitate efficient atomization.

BFW leakages and its frequent overflow from the BFW Tank should be eliminated.

Significant savings would accrue il the management would procure a gas analysis kit to con-
tinuously monitor the combustion conditions. Savings will be generated through proper mainte-
nance of combustion conditions with the use of the analyzer. A simple chemical type analyzer
(Bacharach Fyrite) used for O2 and CO gas analysis will cost about P20,000.00. Table E-21 sum-
marizes the potential savings ff combustion conditions are maintained at optimum level.
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Electrical Demand Profile, 1987
Hotel Intercontinental Manila
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Electrical Usage Profile, 1987
Hotel Intercontinental Manila
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Electrical System Losses Breakdown
Hotel IntercontinentalManila
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Probable Daily Demand Curve
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Motor Efficiency vs. Percent Loading
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Table E-1. - Motor Data

Unit HP Actual Kilowatts Percent Percent
No. Rating Input Output Losses Loading Efficiency

1 5.0 1.957 1.599 0.358 42.88 81.73
2 7.5 1.909 1.357 0.552 24.26 71.09
3 15.0 6.448 5.473 0.975 48.91 84.87
4 7.5 5.205 4.355 0.850 77.83 83.66
5 15.0 3.630 2.849 0.781 25.46 78.48
6 7.5 4.188 3.460 0.728 61.83 82.61
7 20.0 12.656 11.100 1.556 74.40 87.71
8 10.0 3.450 2.826 0.624 37.88 81.90
9 15.0 9.720 8.386 1.334 74.94 86.28

10 3.0 1.937 1.551 0.386 69.29 80.06
11 7.5 3.687 3.009 0.678 53.79 81.62
12 10.0 5.205 4.414 0.791 59.61 84.80
13 10.0 5.205 4.414 0.791 59.61 84.80
14 3.0 1.880 1.502 0.378 67.10 79.88

Table E-2. - Motor Efficlencles and Losses Equation Constants

Unit HP Percent Efficlencles Loss Constants
No. Rating 4/4 Load 3/4 Load 1/2 Load A B

1 5.0 85.00 85.00 83.00 0.5596 0.4404
2 7.5 84.00 83.50 81.00 0.5123 0.4877
3 15.0 86.00 86.00 85.00 0.6106 0.3894
4 7.5 84.00 83.50 81.00 0.5123 0.4877
5 15.0 86.00 86.00 85.00 0.6106 0.3894
6 7.5 84.00 83.50 81.00 0.5123 0.4877
7 20,0 87.50 87.50 86.50 0.6050 0.3950
8 10.0 85.00 85.00 84.00 0.6138 0.3862
9 15.0 86.00 86.00 85.00 0.6106 0.3894

10 3.0 81.00 81.50 77.50 0.5082 0.4918
11 7.5 84.00 83.50 81.00 0.5123 0.4877
12 10.0 85.00 85.00 84.00 0.6138 0.3862
13 10.0 85.00 85,00 84.00 0.6138 0.3862
14 3.0 81.00 81.50 77.50 0.5082 0.4918
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Table E-3. - Motor Data

Unit HP Actual Kilowatts Percent Percent
No. Rating Input Output Losses Loading Efficiency

1 5.0 1.809 1.462 0.347 39.20 80.84
2 7.5 1.764 1.219 0.546 21.78 69.08
3 15.0 5.959 5.026 0.934 44.91 84.33
4 7.5 4.810 4.010 0.800 71.68 83.37
5 15.0 3.355 2.586 0.769 23.11 77.09
6 7.5 3.871 3.175 0.696 56.75 82.03
7 20.0 11.697 10.247 1.450 68.68 87.60
8 10.0 3.188 2.583 0.605 34.63 81.01
9 15.0 8.983 7.742 1.242 69.18 86.18

10 3.0 1.790 1.424 0.366 63.63 79.54
11 7.5 3.408 2.755 0.652 49.25 80.86
12 10.0 4.810 4.062 0.748 54.46 84.45
13 10.0 4.810 4.062 0,748 54.46 84,45
14 3.0 1.737 1.378 0.359 61.58 79.32
15 15.0 4.4546 3.630 0.826 32.44 81.46

Table E-4. - Motor Efficlencles and Losses Equation Constants

Unit HP Percent Efficlencles Loss Constants
No. Rating 4/4 Load 3/4 Load 1/2 Load A B

1 5.0 85.00 85.00 83.00 0.5596 0.4404
2 7.5 84.00 83,50 81.00 0.5123 0.4877
3 15.0 86.00 86.00 85.00 0.6106 0.3894
4 7.5 84.00 83.50 81.00 0.5123 0.4877
5 15.0 86.00 86,00 85.00 0.6106 0.3894
6 7.5 84.00 83.50 81,00 0.5123 0.4877
7 20.0 87.50 87.50 86.50 0.6050 0.3950
8 10.0 85.00 85.00 84.00 0.6138 0.3862
9 15,0 86.00 86.00 85.00 0.6106 0.3894

10 3.0 81.00 81.50 77.50 0.5082 0,4918
11 7,5 84.00 83.50 81.00 0.5123 0.4877
12 10.0 85.00 85.00 84.00 0.6138 0.3862
13 10.0 85.00 85.00 84.00 0.6138 0.3862
14 3.0 81.00 81.50 77.50 0.5082 0.4918
15 15.0 86.00 86.00 85.00 0.6106 0.3894

E-37



Table E-5.- Existing Motors

Motor Rated Measured Output Percent Output x
No. HP Input/kW kWl Efficiency (1.0/.746)

1 5.0 1.809 1.462 80.84 1.96
2 7.5 1.764 1.219 69.08 1.63
3 15,0 5.959 5.206 84.33 6.98
4 7.5 4.810 4.010 83.37 5.38
5 15.0 3.355 2.856 77.09 3.83
6 7.5 3.871 3.175 82.03 4.26
7 20.0 11.697 10.247 87.60 13.74
8 10.0 3.188 2.583 81.01 3.46
9 15.0 8.983 7.742 86.18 10.38

10 3.0 1.790 1.424 79.54 1.91
11 7.5 3.408 2.755 80.86 3.69
12 10.0 4.810 4.062 84.45 5.45
13 10.0 4.810 4.062 84.45 5.45
14 3.0 1.737 1.378 79.32 1.85
15 15.0 4.456 3.630 81.46 4.87

Table E-6. - Replacement Motors

Motor Rated Input Output Efficiency Usage Savings
No. HP kW kW Percent Hrs/Day kWWDay

1 2.0 1.858 1.462 78.70 6.00 -0.2921(cancel)
2 2.0 1.549 1.219 78.70 14.00 3.0104
3 7.5 6.198 5.206 83,99 19.00 -4.5493 (cancel)
4 7.5 4.810 4.010 83,36 9.00 -0.0018 (cancel)
5 5.0 3.362 2.856 84.95 20.00 -0.1368 (cancel)
6 5.0 3.732 3.175 85.08 10.00 1.3923
7 15.0 11.889 10.247 86.19 22.00 -4.2253 (cancel)
8 5.0 3.050 2.583 84.70 11.00 1.5232
9 15.0 8.984 7.742 86.18 2.00 -0.0015 (cancel)

10 2.0 1.785 1.424 79.75 10.71 0.0485
11 5.0 3.246 2.755 84,88 11.00 1.7838
12 7.5 4.870 4.062 83.42 10.00 -0.5952 (cancel)
13 7.5 4.870 4.062 83.42 9.00 -0.5357 (cancel)
14 2.0 1.732 1.378 79.56 11.00 0.0553
15 5.0 4.321 3.630 84.00 60.00 8.0867

DailyTotal: 15.80 kWh/Day
YearlyTotal: 5765.69 kWh/Year

CostSavings: 11531.39 Pesos/Year

E-38



Table E-7. - Electric Motor Data

Approx.
No. Rated Full. Rated Equiv. Oper.

Motor of Out- Load Input Usage Load Hours/
Equipment Units Put Efr. Power Factor Ratio Day

(HP) (O/o) (kW) (UF) (LR)

Chiller I 1 424 95 332.95 1.020 5840H/yr
0.500

(for Units1&2)
Chiller2 1 300 92 243.26 1.016 2190H/yr
ChilledWater Pumps 2 2x25 88 2x21.19 0.7742 0.978 2 Unitsat

5840H/yr
1Unit at

2190H/yr

CoolingTower Fans 3 3x15 86 3x13.01 0.2854 0.3425 3 Unitsat
5840H/yr
2 Unitsat
2190H/yr

Condenser Pumps 2 2x25 68 2x21.19 0.6762 0.854 2 Unitsat
5840H/yr
1 Unit at
2190H/yr

Water Pumps
(Total)* - 25 85 21.94 0.6042 Varies 24.0

HotWater Pumps
(Total)* - 35 87 30.01 0.3333 Varies 24.0

Exh. Fans and
Blowers
(Total) - 46.54 84 41.33 0.6792 Varies 24.0

Elevators 6 6x50 90 6x41.44 0.1833 Varies 24.0
1 10 90 8.29 - Varies 24.0

BoilerFeed
Pumps 1 5 84 4.44 0.2083 Varies 24.0
Aircomp. 1 15 86 13.01 0.125 Varies 24.0

Fan Coil Units
9

(Total) - - 84 11.00 1.0 1.00 24.0
Misc.Kitchen
and Ref. - 31.05 83 50.15 0.4146 Varies 24.0

Air Handling
Units 14 Varies Varies 112.62 0.2869 Varies Varies

* Approximate- not basedon nameplatedata.
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Table E-8. - AHU Fan Motors Data

Motor Area Rated Output Normal Operstlon
No. Served HP kW Hrs/Day or (Hrs/Wk)

1 Cafeteria 5.0 3.730 6
2 Laundry 7.5 5.595 14
3 Le Boulevardier 15.0 11.190 19
4 Where Else 7.5 5.595 9
5 CoffeeShop 15.0 11.190 20
6 PrinceAlbert 7.5 5.595 10
7 GroundFloorLobby 20.0 14.920 22
8 Second Floor Lobby 10.0 7.460 11
9 BusinessShops 7.5 5.595 (14)

10 Admin.Offices 3.0 2.238 (15)
11 ShoppingArcade 7.5 5.595 11
12 Bahia 10.0 7.460 10
13 Skytop 10,0 7.460 9
14 Barber/BeautyShop 3.0 2.238 11
15 Pre Cooler 20.0 14.920 Notoperational

Table E-9. - Estimated Average Total Eleotrlcal Load Demand

Rated Load Average
Demand Usage Demand

Load (Input kW) Factor (Input kW)
Component [1] [2] [1] x [2]
Chillers 576.21 0.5000 288.10
ChilledWater Pumps 42,38 0.7742 32.81
CoolingTowers Fans 39.03 0.2854 11.14
CondenserPumps 42.38 0.6762 28.66
FCUs 11.00 1.0000 11.00
AHUs 112.62 0.2869 32.31

Lighting 307,66 0.5562 171.11
Elect.Equipment 131.71 0.5786 76.20
Miscellaneous:

Lighting 25.40 0.8417 21.38
Elevators 256.96 0.1833 47.10
HotWater Pumps 30.00 0.3333 10.00
Water Pumps 21,94 0.6042 13.26
BoilerFeed Pumps 4.44 0.2083 0.93
AirCompressor 13.01 0.1250 1.63
ExhaustFans and Blowers 41.33 0.6792 28.07
Misc. Kit.Ref. Equipment 50.15 0.4146 20.79

Total: 1706.22 794.49

Note: Breakdownbasedon the computeroutputresultsand manualcalculations.
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Table E-10. - Monthly Electrical Usage Parameters

Metered Max.Demand Load
Year Month kwh kW Factor HUOD

1987 January 533,140 1050 0.705 507.75
Februar_ 484,500 1116 0.603 434.14
March 577,980 1296 0.619 445.97
April 571,140 1344 0.590 424.96
May 598,880 1296 0.642 462.10
June 601,540 1416 0.590 424.82
July 577,600 1296 0.619 445.68
August 605,720 1200 0.701 504.77
September 585,960 1248 0.652 469.52
October 504,260 1296 0.540 389.09
November 574,560 1272 0.627 451.70
December 676,020 1344 0.699 502.99

Average: 1264.0b 0.632 455.29

1988
January 4161860 1200 0.482 69.71
February 640,300 1296 0.686 75.28
March 626,240 1344 0.647 78.07

where'

ActualMonthlykWh = (L.F)Load Factor= Max. Derr_nd x Total Hrs/Month

HUOD = ActualMonthlykWh
Max. Demand = Equiv.HoursUse of Demand
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Table E-11. - Breakdown of Eslimated Energy Losses

Load Annual Energy % of Total % of Bldgs. Cost Equiv.
Component Losses Energy Losses Total Energy Use {at P2/kWh*)

Lighting 70,879.48 13.75 1.01 141,758.96
(BallastLosses)
Line Losses 28,648.5 5.57 0.41 57,297.00
Motors:

Chillers 145,532.81 28.24 2.08 291,065.62
CoolingTower F_ls 6,912.50 1.34 0.10 13 825.00
CondenserPumps 25,545.67 4.96 0.37 51 091.34
AHUs 45,047.14 8.74 0.64 90 094.28
FCUs 15,417.60 2.99 0.22 30 835.20
ChilledWater Pumps 33,662.73 6.53 0.48 67 325.46
Elevators 41,260.27 8.01 0.59 82 520.54
HotWater Pumps 11,390.66 2.21 0.16 22 781.32
Water Pumps 17,418.58 3.38 0.25 34 837.16 ,
BoilerFeed Pumps 1,296.27 0.25 0.02 2 592.54
AirCompressor 1,994.43 0.39 0.03 3,988.86
Misc.Kitchen& Ref. 30,963.73 6.01 0.44 61 927.46
ExhaustFans
& Blowers 39,344.78 7.64 0.56 78,689.56

524,410.86 100.00 7.37 1,030,630.30
kWh/yr Percent Percent Peso/yr

* Note: Includesgeneration,demand,andother energycharges.
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Table E-12. - Breakdown of kWh/yr Usage

Load Percent
Component kWh/yr of Total

1. CoolingPlant 2,873,160.93 41.11
(Chillers,CoolingTower
Fans, CondenserPumps)

2. HVAC Auxiliaries 666,783.03 9.54
(AHUs, FCUs, ChillerWater Pumps)

HVAC Total = (3,539,943.96) (50.65)
3. Lighting 1,498,908.89 21.45

(AirConditionedSpace)

4. ElectricalEquipment 667,538.97 9.55
(AirConditionedSpace)
Non-HVAC Total = (2,166,447.86) (31.00)

5. MiscellaneousConsumption
Lighting (Non-Air-conditionedSpace) 187,274.20 2.68
Elevators 412,677.80 5.90
Hot Water Pumps 87,600.00 1.25
Water Pumps 116,117.45 1.66
Boiler Feed Pumps 8,103.00 0.12
Air Compressor 14,245.95 0.20
ExhaustFans & Blowers 245,892.80 3.52
Misc. Kitchen& Ref.Eqpt. 182,132.20 2.61
Line Losses 28,648.50 0.41

Misc.ConsumptionTotal= (1,282,691.30) (18.35)

Grand Total= 6,989,083.10 kWh/yr
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Table E-13. - Cooling Load Summary

Load Sensible Latent Percent of
Component (Watts) (Watts) Total
Glass SolarGain 264,374 25.6
Glass Conduction 135,334 13.1
Wall Transmission 31,600 3.0
RoofTransmission 13,669 1.3
Lossto UnconditionedSpace 58,584 5.7
UndergroundSurfaces 936 0.1
Lighting 191,669 18.6
Other Electric 57,298 2,083 5.7
People 113,256 125,470 23.1
Cooling Infiltration 12,932 26,420 3.8

Totals 879,652 153,973 100.0

Total CoolingLoad (Watts) 1,033,625

Note: The above loads excludeoutside ventilationair loads, heat gain in machine rooms and
return air plenums,Ian heat load, and losses in supplyair and chilledwater distribution
system.

Table E-14. - Space Cooling Summary

Peak Cooling Cooling Energy
Space kW Mo. Hour GJ/yr %

Employee'sDining 50.65 Sep 1700 300.587 1.039
Laundry 264.01 Sep 1600 2752.400 9.516
Ground Floor Shops 99.81 Apr 1500 1119.292 3.870
GroundFloor Lobby 123.44 Apr 1500 2608.687 9.019
Boulevardier 141.10 Apr 1500 2339.954 8.090
PrinceAlbert 92.67 Sep 1700 924.980 3.198
JeepneyCoffee Shop 124.49 Apr 1500 2308.836 7.982
EuphoriaDisco 238.47 Sep 1800 2036.175 7.040
Beauty/BarberShop 47.20 Apr 1500 495.813 1.714
Second Lobby 67.98 Apr 800 806.491 2.788
Administration 61.08 Apr 1500 478.958 1.656
Ballroom 248.08 Jun 1800 544.224 1.882
Bahia 199.52 May 1700 1867.345 6.456
Skytop 170.42 Jun 1800 1374.837 4.753
Offices/FunctionRooms 56.33 Apr 1500 463.833 1.604
SpecialSuite 3.59 Jun 1600 403.124 1.394
ManagersSuite 3.50 Jun 1600 390.605 1.350
SE Guest Rooms 1.39 Apr 1500 3129.598 10.820
NW Guest Rooms 1.44 Apr 1500 4052.868 14.012
24-Hr Offices 28.28 Apr 1500 526.326 1.820

Total: 28,924.033 100.0
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Table E-15- Estimated Annual Energy Savings

Item Annual Energy Percent
Description Savings kWWyr Savings*

High EfficiencyChillers 544,804 7.8
VariableAir Volume 232,759 3.3
Variable SpeedChilled

Water Pumping 114,200 1.6
Ali ECO Combinations** 949,742 13.6

* Basis: 6,989,236.36 kWy/yr totalelectricalconsumption.

"* Note: the savingsobtainedwhen implementinga combinationof ECOs is not necessarilyequal
to the sumof that forindividualECOs.

Table E-16 - Annual Component Electrical Energy Consumptions*

Consumption Percent of
Component kWh/yr Total

CoolingPlants1 2,873,161 41.2
A/C Auxiliaries2 666,783 9.5

A/C Total 3,539,944 50.7

Lighting 1,498,909 21.5

ElectricalEquipment3 667,539 9.6

Misc.Consumption4 1,271,584 18.2

Non-AJCTotal 3,438,032 49.3

Total kWh/yr 6,977,965 100.0

Notes: * These are the computersimulationresults(DOE-2) used as the basisof estimatedsav-
ingsper year in the ECO runs(% error= 0.1611%; Basis= 6,989,236.36 kWh/yr electrical
consumption).

1. Includeschiller,coolingtowerfans, andcondenserpumps.

2. Includesairsystemfans andchilledwaterpumps.

3. Electricalequipmentfound insideconditionedareas.

4. Includes elevators, domestic water pumps, and other electrical energy-consuming
equipmentnotfoundinsideconditionedareas.
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Table E-17.- Combustion Test Results

Firing Percent of Flue Gas

Mode O_ Flue Gas Temperature, °C

High Fire 7.5 187.2
High Fire 8.0 187.8
High Fire 8.5 183.3
Low Fire 12.0 181.7

Notes: Only BoilerNo.1 was operatingduringthe time of the audit.

Fuel Flow Rate: 2.82 lits/min.

Ambientairconditions:39°C DPT, 25.5° WBT.

BFW Temperature:90°C.

Fuel Oil Temperature:90°C.

Steam Pressure:6.2 barg.

Table E-18. - Boiler Surface Temperature

Surface Temp.,°C

Laterals 64.4
Front 76.0
Rear 96.0

Note: BoilerDimensions:
Diameter: 1.651 m
Length:5.258 m

Table E-19.- Boiler Radiation-Convective Heat Loss

Heat Losses
Radiation (kJ/hr)

LateralSurface 23,657.497
FrontSurface 2542.169
Rear Surface 4527.919
TotalRadiationHeat Losses 30727.584
Fuel Heat Input 6,977,295.360

RadiationHeat Loss,%GHV 0.440
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Table E-20. Efficiency of Boiler No. 1

Firing Flue Gas Flue Gas Boiler Eff. Steam Economy

Mode %02 Temp.°C % kg Steam/Lit Fuel

High Fire 7.5 187.2 82.05 14.31
High Fire 8.0 187.7 81.66 14.26
HighFire 8.5 183.3 81.55 14.25
LowFire 12.0 181.7 77.94 13.75
Optimum 2.9 200.0 83.82 14.50

Table E-21. - Potential Savings: Optimum Combustion Conditions

%Fuel Approx. Annual Savings
Old. Efr. New. Efr. Savings LOE kPesos

82.05 83.82 2.1 10570 29.8
81.66 83.82 2.6 13086 36.9
81.55 83.82 2.7 13590 38.3
77.94 83.82 7.0 35233 99.4

Note: The figureswere arrivedat usingthe followingdata andassumptions:

- 503323 litsIFO annualconsumption.

- 2.9% 0 2 influegas.
- 200° fluegas temperature.
- P2.82/lit IFO cost.

- Cornbustion/bumerare providedand are in goodoperatingcondition.
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Table E.22.. Boiler Efficiency: Boiler No. 1

Site: Manila Intercon Date: May 1988
Location Makatl, Metro Manila Engr.: ASEAN-US Staff

Firing Mode: High Fire

Test Data Fuel Analysis

Flue Gas %O_ 7.500 %C 85.000
Flue Gas CO z 0.000 %H 11.200
Flue Gas Temp.(C) 187.200 %0 0.000
Arab.AirTemp.(C) 39.000 %N 0.000
Abs.Humidity 0.015 %S 3.000
P/H Air Temp.(C) 39.000 %Ash 0.800
FuelTemp.(C) 90.000 Fuel%H_O 0.500
Stm. Press (barg) 6.206 Fuel HV,_kJ/kg 43262.000
BFW Temp.(C) 90.000 Rad. Loss,%GHV 0.440

Stoich.Air,kgs 13.788 %Excess Air 52.853

Fuel Input,kgs 1.005 Air Input,kgs 21.075

H20 in Fuel, kgs 0.005 H20 in Air,kgs 0.316
Total Input,kgs 22.396 Total Output,kgs 22.397

Flue Gas Analysis

Gas %Vol. (Dry) %Vol.(Wet)

CO2 10.076 9.119
CO 0.000 0.000

02 7.500 6.787

N2 82.290 74.467
SO2 0.133 0.121

H20 9.506
Total 100.000 100.000

Summary of Boiler Heat Losses

Flue Gas Sensible Heat, % 8.657
AshSensibleHeat, % 0.003
Inc. Combustion,% 0.000

Comb. H20 LatentHeat, % 7.301
RadiationHeat Loss,% 1.792

TotalLosses,% 17.953

BoilerEfficiency,% 82.047
Steam Economy, 14.815
kg.Steam/kg.Fuel
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Table E-23. - Boiler Efficiency: Boiler No. 1

Site: Manila Intercon Date: May 1988
Location Makati, Metro Manila Engr.: ASEAN-US Staff

Firing Mode: High Fire

Test Data Fuel Analysis

FlueGas %0 2 8.000 %C 85.000
Flue Gas CO 0.000 %H 11.200
Flue Gas Tempo(C) 187.200 %0 0.000
Amb.Air Temp.(C) 39.000 %N 0.000
Abs.Humidity 0.015 %S 3.000
P/HAir Temp.(C) 39.000 %Ash 0.800
FuelTemp.(C) 90.000 Fuel%H_O 0.500
Stm. Press (barg) 6.206 Fuel HV,ZkJ/kg 43262.000
BFW Temp.(C) 90.000 Rad.Loss,%GHV 0.440

Stoich.Air,kgs 13.788 %Excess Air 58.569

Fuel Input,kgs 1.005 Air Input,kgs 21.863

H20 in Fuel, kgs 0.005 H20 in Air,kgs 0.328
Total Input,kgs 23.196 TotalOutput,kgs 23.197

Flue Gas Analysis

Gas %Vol. (Dry) %Vol.(Wet)

CO2 9.699 8.801
CO 0.000 0.000

0 2 8.000 7.259

N2 82.172 74.565
SO2 0.128 0.116
H20 9.257
Total 100.000 100.000

Summary of Boiler Heat Losses

Flue Gas SensibleHeat, % 9.187
AshSensible Heat, % 0.003
Inc. Combustion,% 0.000
Comb. H.O LatentHeat, % 7.359
Radiatior_HeatLoss,% 1.791
Total Losses,% 18.340

BoilerEfficiency,% 81.660
Steam Economy, 14.758
kg.Stearn/kg.Fuel
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Table E-24.- Boiler Efficiency: Boiler No. 1

Site: Manila Intercon Date: May 1988
Location Makstl, Metro Manila Engr.: ASEAN-US Staff

Firing Mode: High Fire

Test Data Fuel Analysis

Flue Gas %0.. 8.500 %C 85.000
Flue Gas CO _" 0.000 %H 11.200
Flue Gas Temp.(C) 183.300 %0 0.000
Arab. AirTemp.(C) 39.000 %N 0.000
Abs. Humidity 0.015 %S 3.000
P/H AirTemp.(C) 39.000 %Ash 0.800
Fuel Temp.(C) 90.000 Fuel%H_O 0.500
Stm. Press(barg) 6.206 Fuel HV,:_J/kg 43262.000
BFW Temp.(C) 90.000 Rad. Loss,%GHV 0.440

Stoich.Air,kgs 13.788 %Excess Air 64.747

Fuel Input,kgs 1.005 Air Input,kgs 22.715

H20 in Fuel, kgs 0.005 H20 in Air, kgs 0.341
Total Input,kgs 23.396 TotalOutput, kgs 24.062

Flue Gas Analysis

Gas %Vol. (Dry) %Vol.(Wet)

CO2 9.322 8.483
CO 0.000 0.000

0 2 8.500 7.734

Ni 82.054 74.664
SO2 0.123 0.112
H20 9.007
Total 100.000 100.000

Summary of Boiler Heat Losses

Flue Gas SensibleHeat, % 9.235
AshSensible Heat, % 0.003
Inc.Combustion,% 0.000
Comb. H..O LatentHeat, % 7.422
RadiationHeat Loss,% 1.789

Total Losses,% 18.449

BoilerEfficiency,% 81.551
Steam Economy, 14.753
kg.StearrVkg.Fuel
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Table E-25. - Boiler Efficiency: Boiler No. 1

Site: Manila Intercon Date: May 1988
Location Makatl, Metro Manila Engr.: ASEAN-US Staff

Firing Mode: High Fire

Test Data Fuel Analysis

FlueGas %0 2 12.000 %C 85.000
Flue Gas CO 0.000 %H 11.200
Flue Gas Temp.(C) 181.700 %0 0.000
Arab.Air Temp.(C) 39.000 %N 0.000
Abs.Humidity 0.015 %S 3.000
P/H AirTemp.(C) 39.000 %Ash 0.800
Fuel Temp.(C) 90.000 Fuel%H..O 0.500
Stm. Press(barg) 6.206 Fuel HVYkJ/kg 43262.000
BFW Temp.(C) 90.000 Rad.Loss,%GHV 0.440

Stoich.Air,kgs 13.788 %ExcessAir 127.516

Fuel Input,kgs 1.005 Air Input,kgs 31.370

H20 in Fuel, kgs 0.005 H20 inAir,kgs 0.471
Total Input,kgs 32.845 Total Output,kgs 32.846

Flue Gas Analysis

Gas %Vol. (Dry) %Vol.(Wet)

CO2 6.682 6.200
CO 0.000 0.000

02 12.000 11.134

N2 81.229 75.369
SO2 0.088 0.082

H20 7.21,5
Total 100.000 100.000

Summary of Boiler Heat Losses

Flue Gas SensibleHeat, % 12.229
AshSensibleHeat, % 0.003
Inc. Combustion,% 0.000
Comb.H.O LatentHeat, % 8.054
RadiationHeat Loss,% 1.772

TotalLosses,% 22.057

BoilerEfficiency,% 77.943
Steam Economy, 14.239
kg.StearrVkg.Fuel
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Table E-26.- Boiler Efficiency: Boiler No. 1

Site: Manila Intercon Date: May 1988
Location Makati, Metro Manila Engr.: ASEAN-US Staff

Firing Mode: High Fire
,,,,,

Test Data Fuel Analysis

Flue Gas %O_ 2.900 %C 85.000
Flue Gas CO z 0.000 %H 11.200
Flue Gas Temp.(C) 200.000 %0 0.000
Arab.AirTemp.(C) 39.000 %N 0.000
Abs.Humidity 0.015 %S 3.000
P/H Air Temp.(C) 39.000 %Ash 0.800
Fuel Temp.(C) 90.000 Fuel%H_O 0.500
Stm. Press (barg) 6.206 Fuel HV,_kJ/kg 43262.000
BFW Temp.(C) 90.000 Rad. Loss,%GHV 0.440

Stoich.Air,kgs 13.788 %ExcessAir 15.202

Fuel Input,kgs 1.005 Air Input,kgs 15.884

H20 in Fuel, kgs 0.005 H20 in Air,kgs 0.238
Total Input, kgs 17.127 Total Output,kgs 17.128

Flue Gas Analysis
,,

Gas %Vgl. (Dry) %Vol.(Wet)

CO2 13.546 11.956
CO 0.000 0.000

02 2.900 2.560

N2 83.375 73.591
SO2 0.179 0.158

H20 11.734
Total 100.000 100.000

Summary of Boiler Heat Losses

Flue Gas SensibleHeat, % 7.463
Ash SensibleHeat, % 0.003
Inc. Combustion,% 0.000
Comb.H,,O LatentHeat, % 6.914

' " _" O

Rad=at_onHeat Loss, '/o 1.803

TotalLosses,% 16.183

BoilerEfficiency,% 83.817
Steam Economy, 15.045
kg.StearrVkg.Fuel
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THAILAND

Thisreportis one of five excellentenergyauditsconductedby the Thailandinvestigativeteam.
The five audits focused on the buildings' air-conditioningsystems and used DOE-2 for the
analysis. Thebuildingtypescoveredby the otherauditswere:office,hotel,hospital,and academ-
ic library.
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ABSTRACT

Shopping arcades in tropical countries require air-conditioning systems both for the comfort of the
occupants and to keep dust and dirt out of shops.

Inve_.'!,:_,ationof the energy consumption and air-conditioning loads of a typical first-class
shopping ar(,'_dein Bangkok showed that the air-conditioning system accounted for about 60% of
the total energy consumption. The investigation also showed that considerable amounts of energy
could be conservud, without sacrificing comfort, by taking the following steps'

• Using a variable air volume system to supply air according to the air-conditioning load
requirement.

• Using an air-to-air heat exchanger to reduce heat load of the fresh air intake.

• Raising the leaving chilled water temperature as high as possible.

Since most of the time the enthalpy of the outside air is much higher than that of the exhaust
air, considerable energy could be conserved by using the cool and dry exhaust air to reduce the
enthalpy of the warm and humid outside air brought into the air-conditioning system.

OBJECTIVE AND SCOPE OF WORK

Introduction

The rapid growth in the economy of Thailand has led to a rapid increase in the number of
large, air-conditioned commercial buildings. Air-conditioning equipment consumes more than
70% of the total electrical energy consumption of commercial buildings. They also contribute
immensely to the electricity peak load. Thb._, energy conservation in air-conditioning is a
significant developmental strategy, the ASEAN-USAID Project on Buildings Energy Conservation
focus on air-conditioning equipment and systems in Thailand is quite timely.

OI;,jective

Th_s researchaims to assess the performanceof air-conditioningequipmentin use in the
major cities of Thailand, and to explore possibleapproachesto increasingefficienciesof the air-
conditioningsystemsin buildings. The activitiesof the researchprojectincludedthe use of PC-
DOE-2.1B in parametricanalysisand actual physicalevaluationof the air-conditioningequipment
underdifferentcontrolsequences.

Scope of Work

T'hescopeof work includesthe followingsubjects:

Baseline/nformation on Air-Conditioning Use."

This study was made in collaboration with the daylighting research group to acquire the
baseline information on the configuration and type of air-conditioning equipment in use. In addi-
tion, the study included a survey and energy audit of buildings as a continuation of an earlier
study.

The study also furnishes information on the relative num_ of each class of air-conditioning
equipment and the typical construction of the air-conditioned space for which the equipment is
used, and identifies a number of buildings which might be classified as typical.

This activity aims to provide baseline information for use in DOE-2 analysis and for use in
evaluating air-conditioning performance. The study evaluates configurations and conditions of
existing air-conditioning systems, determines the potential for energy conservation and electrical
load reduction, and provides recommendations for energy conservation based on the above
evaluations.

Expected results from this research will be:

1. A set of baseline information on air-conditioning equipment and building construction.
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2. Radiation and weather data for the local area.

3. The training of a technician who will be experienced in the parametric study of air-
conditioning system performance.

4. A parametric study of air-conditioning equipment for each major city, available for pol-
icy consideration.

5. A physical evaluation of the air-conditioning equipment performance.

BUILDING SELECTION

Reasons for the selection of the Charn Issara Shopping Arcade for this research are as follows:

• There are many shopping arcades in Thailand and many more will be built.

• Shopping arcades are a type of building which needs to have an air-conditioning sys-
tem for the comfort of its occupants.

• Charn Issara Shopping Arcade is a typical shopping arcade in Thailand and it uses a
typical air-conditioning system.

BUILDING DESCRIPTION AND DATA COLLECTION FORMS

Building Description
General:

Charn Issara ShoppingArcade and Office Condominiumwas built in 1985. The first four
stows housean arcadewithtotalfloorarea of 4,800 m2 and an atriumin thecenter. The atriumis
surroundedby corridorsand shops. The shopsfacethe atrium. The fifthflooris a trade exhibition
center. The6th to 26th floorsare offices.

Shops are air-conditioned mainly by small split-type air conditioners. The cost of operating
the air conditioner is the responsibility of the owner of the shop. The atrium, corridors, and some
of the shops are air-conditioned by the central air-conditioning system, which consists of three
air-cooled water chillers. Each air-cooled water chiller has 1,200,000 Btu/hr cooling capacity.
Chilled water is circulated by three sets of centrifugal pumps, each of which has a pumping capa-
city of 240 gpm. There are eight air handling units and eight fan coil units supplying 66,000 cfm of
cooled air to the air-conditioned spaces. Air handling units are controlled by two-way motorized
valves with proportional thermostats. Offices are air-conditioned by split-type air conditioners.

Building Envelope:

Walls. Exterior walls are four-in, hollow brick with plaster on both sides and tinted glass.

Doors. Main entrance doors are nine-mm, thick tinted glass.

Roof. The roof is a four-in, thick concrete slab and is insulated with two-in, thick fiberglass
insulation.

Ceifing. The ceiling is constructed with nine-mm, thick gypsum board with a metal stud
frame.

Floor. The floor is a four-in, thick concrete slab.

Data Collection Forms

The PC-DOE 2.1 B program consistof four parts: load input, systeminput, plant input, and
economics. Data collection forms, using ASEAM-2 input forms as a guideline, provide the frame-
work for the field surveys.

Load Input:

1. Information about building shading obstructions.

2. People schedule.
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3. Lighting schedule.

4. Lighting fixture type.

5. Lighting load or task lighting.

6. Equipment schedule.

7. Equipment load.

8. Zone number, sizes, locations, construction materials, and locations (exterior and inte-
rior).

9. Glass type.
10. Ground and roof construction materials.

System Input:

1. Reset control temperature setting.

2. Design zone volumetric air flow.

3. Design zone outside air flow.

4. Design zone exhaust air flow.

5. Zone temperature setting.

6. Zone thermostat type, throttling range.

7. Supply air temperature setpoint.

8. Supply air temperature control.
9. Outside air control.

10. System fan control.
11. Fan schedule.

12. Static pressure for fan, efficiency and brake horse power.

13. Total and sensible cooling coil capacity.

14. Coil bypass factor.

15. Return air routing.

Plant Input:

1. Type, size, quantity, run period schedule, electric input ratio, and performance curve.

2. Temperature and capacity control setpoint.

3. Cooling tower design wet bulb temperature, fan control, and type of cooling tower.

4. Pump type, flow rate capacity, efficiency, and brake horse power.

FIELD SURVEY TASKS AND DATA COLLECTION

General

To analyze the building energy consumption using PC-DOE-2.1B, it is necessary to collect
ali data required by the program. A considerable amount of time was spent getting details of the
building envelope. The building envelope includes walls, windows, doors, roof, and bottom floor.
Ali these isolate the space inside from the outside environment. Since heat load makes up a
significant amount of the total energy consumption, it was very important that the building
envelope be examined in great detail to find areas where it could be improved. Mechanical and
electrical systems were also analyzed as part of the field survey. These systems include air-
conditioning equipment, piping, ducting, fans, pumps, lighting, and power systems. Ali systems
were checked for method of control, operating efficiency, maintenance scheduling, leaks, insula-
tion, and discussions were held with workers or employees who influenced their energy consump-
tion. The held survey included acquiring information on structural and architectural features, as
well as mechanical and electrical equipment. Whenever possible, interviews were conducted with
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the workers and employees associated with the building's various lunctions in order to gain more
insight into the overall operation.

Steps to Collect the Data

Modeling the building's energy consumption requires that certain data be collected. Steps to
collect the data are described below:

Pre-Survey Information:

In this step, the building's drawings--which include the architectural, structural, mechanical,
electrical, sanitary (plumbing), and elevator systems--are obtained. The building's existing
energy bills are also obtained and analyzed. The researcher contacts the person who takes care
of the building's facilities, such as the chief engineer, to ask about equipment, operation, and
maintenance schedules.

Field Survey Tasks:

This step consists of several items as described below:

Load Input.

1. Review the building's drawings and perform field visit.

2. Survey the building envelope, including walls, windows, roof, floors, etc.

3. Assign zone spaces in the building.

4. Measure space and construction materials in zones.

5. Measure temperature and check the thermostat setpoints in zones.

6. Count occupants and activities.

7. Measure electrical system, including lighting and power, in the zones.

8. Assign occupancy schedule of zones.
9. Measure infiltration in zones.

System Input.

1. Consider type and configuration of air-conditioning system in the building and zones.

2. Measure leaving temperature oi cooling equipment and check the cooling coil tem-
peratu re setpoint.

3. Check total consumption of fan power in zones.

4. Check total supply air to spaces or zones.

5. Check temperature rise of discharge air from Ian.
6. Check air control method, fan control method, and motor drive.

7. Check scheduling of fans.

8. Check the optimizer.

Plant Input.

1. Consider chiller type, cooling capacity design coefficient of performance, entering and
leaving water setpoint, part load ratio of the machine, and power consumption.

2. Check number, sequencing, and load management of chillers.

3. Check scheduling of machines.

4. Check chilled water pumps and condenser water pumps for capacity, consumption,
number, and operation.

5. Check cooling towers for design wet bulb temperature, fan control, and type.

6. Check cooling towers for number and mode of operation.

Final Check for Complete Data Collection:
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This step will review and finalize ali data to compile into loads, system, and plant forms.

Data Summary of the Building and its Operation

The analysisis limitedto the air-conditioningsystems in the shopping arcade and to the cen-
tral air-conditioningsystem using air-cooled water chillers.

Total air-conditioned floor area: 4,800 m2.

Air-conditioning equipment:
- 3 x 100 tons air-cooled water chillers

- 3 x 240gpm. centrifugal chilled water pumps

- 8 air handling units and 8 fan coil units with a total supply air of 66,000 cfm.

EVALUATION OF ENERGY CONSERVATION OPPORTUNITIES

Air-conditioning systems and equipment of the Charn Issara Shopping Arcade were simulated to
find opportunities for energy conservation.

Supply Air of Air Handling Units

Analysis of the load suggests that the minimum supply of air to the air handling units should
be 68,400 t-'fm. The survey showed that the existing supply of air to the air handling units to be
66,000 cfm. No energy could therefore be saved by adjusting the speed of the blowers of the air
handling units to supply the minimum amount of air to the space.

Fresh Air Intake

Survey data showed that fresh air intake into the building was 7,660 cfm. This amount of
fresh air was considered to be the minimum amount for ventilation for the 4,800 m2 total floor area
of the building. The existing amount of fresh air was therefore kept constant throughout.

Variable Air Volume System

A simulation was run in which the supply air volume of the air handling units was controlled
to meet the cooling loads by discharge air dampers or inlet guide vanes. Comparing the energy
consumed by the existing air-conditioning system with a variable air volume system using
discharge air dampers or inlet guide vanes for controlling air quantity showed that much energy
could be saved using the variable air volume system. Investment in a variable air volume system
is considerable, but still economically feasible.

Air-to-Air Heat Exchanger

Freshair taken intothe buildingwas 7,660 cfm If this amount of warm and humidfresh air
could exchange heat to the cool and dry exhaust air, the cooling load needed to cool fresh air
wouldbe greatly reduced.

Raising Leaving Chilled Water Temperature

Theoretically, the coefficient of performance of the refrigeration system will increase with an
increase in the evaporating temperature. However, in the central air-conditioning system, the
power to pump chilled water and the power to blow air through the cooling coils must be added to
the power of the refrigeration system. If the water temperature is increased, more water and more
air will have to be passed through the cooling coils for the same cooling loads.

Analysis of the Charn Issara Shopping Arcade a_r-conditioningsystem showed little change
in power consumption when the leaving chilled water temperature was varied between 45°F and
52°F. The power consumption was lowest when the leaving chilled water temperature was 49°F.
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RESULTS

[The originalreportcontainsali of the tables andfigureslistedbelow. Forthe sake of brevity,only
one table, summarizingthe findingsof Tables1 and2, is presentedat the endof thisreport.]

Table 1. Abbreviation of conditions

Table 2. Comparison of various conditions against condition CIC

Table 3. Plant cooling and electrical _nergy inputs per year of CIC at various
leaving chilled water temperatures.

Table 4. Plant cooling and electrical energy inputs per year of CID at various
leaving chilled water temperatures.

Table 5. Plant cooling and electrical energy inputs per year of CII at various
leaving chilled water temperatures.

Table 6. Economiccomparison of various conditions against CIC condition.
Table 7. Economic comparison of CID vs CIC

Table 8. Economic comparison of CII vs CID

Table 9. Economic comparison of CIC-ATA vs. CII

Table 10. Economic comparison of CID-ATA vs. CII-ATA.

Table 11. Economic comparison of CID-ATA vs. CII-ATA.

Figure 1. Space load components of Cl.

Figure 2. Monthly Ventilation Load of Various Conditions.

Figure 3. Monthly Cooling Energy of Various Air-Conditioning Systems.

Figure 4. Monthly System Electrical Energy.

Figure 5. Monthly Plant Electrical Energy of Various Air-Conditioning Systems.

Figure 6. Total Monthly Electrical Energy of Various Air-Conditioning Systems.

Figure 7. Monthly Cooling Energy Saving of Various Air Conditioning systems.

Figure 8. Total Monthly Electrical Energy Saving of Various Air-Conditioning
Systems vs. CIC.

Figure 9. Plant Electrical Energy Inputs of Various Air-Conditioning Systems in
kWh/year at Various Leaving Chilled Water Temperatures.

Figure 10. Plant Electrical Energy Inputs of Various Air-Conditioning Systems in
kWh/year at Various Leaving Chilled Water Temperatures.

,.

CONCLUSION

Comparison of various conditions against the base case condition showed that:

• By installing discharge air dampers in the existing air-conditioning system, cooling
energy saving would be 964.66 MBtu/yr, electrical energy saving 120,055 kWh/yr and
money saving 182,483 BahVyr.* Equivalence at 12% interest rate would be 1.79 years
and IRR would be 65.18.

• 5y installing inlet guide vanes in the existing air-conditioning system, cooling energy
saving would be 1,443.48 MBtu/yr, electrical energy saving 205,708 kWh/yr, and
money saving 312,676.16 Baht/yr. Equivalence at 12% interest rate would be 1.,57

• The conversion rate used, as of June, 1990, was 25.86 Thai Bahts to 1 U.S. Dollar
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years and IRR would be highest at 73.85.

• By installing an air-to-air heat exchanger in the existing air-conditioning system, cool-
ing energy saving would be 2,841.73 MBtu/yr, electrical energy saving would be
316,637.50 kWh/yr, and money saving 481,289 Baht/yr. Equivalence at 12% interest
rate would be 2.11 years and IRR would be 55.92.

• By installing discharge air dampers and an air-to-air heat exchanger in the existing
air-conditioning system, cooling energy saving would be 3,082.90 MBtu/yr, electrical
energy saving 365,351 kWh/yr, and money saving 553,814.55 Baht/yr. Equivalence at
12% interest rate would be highest at 2.59 years and IRR would be 46.32.

• By installing inlet guide vanes and an air-to-air heat exchanger in the existing air-
conditioning system, cooling energy saving would be 3,202.60 MBtu/yr, electrical
energy saving 412,564.78 kWh/yr, and money saving would be highest at 627,698.47
Baht/yr. Equivalence at 12% interest rate would be 2.57 years and IRR would be
46.62.

By comparing plant cooling and electrical energy inputs per year of various air-conditioning
systems at various chilled water temperatures, it was determined that the optimum leaving chilled
water temperature would be 49°F.

Economic comparison of various conditions showed that it was best to invest in installation
of inlet guide vanes and an air-to-air heat exchanger to the existing air-conditioning system. The
system with inlet guide vanes and an air-to-air heat exchanger would need the least cooling
energy and electrical energy consumption. The cooling energy would be reduced by approxi-
mately 49%, while electrical energy consumption would be reduced by approximately 29%.
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INTRODUCTION

The energyaudit is a studywhichdetermineshow,when, and whereenergyis used in anexisting
buildingand identifiesopportunitiesforconservation.

OBJECTIVES

The objectivesof the commercialauditsperformedare asfollows:

• Evaluate the existingconfigurationand condition of the buildingenergy systems and
determinethepotentialfor energyconservationand/orelectricalload reduction;

• Evaluatethe existingoperatingand maintenancepracticesfor potentialenergyconser-
vation and electricalload reduction;and

• Providerecommendationsfor cost-effectiveenergyconservationbased on the above
evaluation.

METHOD OF ANALYSIS

Data Collection

Beforestartingthe studyin detail, it was firstnecessaryto understandhowthe buildinguses
energy. To do this, utilitybillsof the buildingwere analyzed,and compiled into an energyhistory.
Examinationand analysisof the utility billsbefore, during, and after an energy audit were also
useful. Once the energyhistorywas establishedand analyzed,a comprehensivebuildinginspec-
tion was undertakento determinewhere conservationmeasureswere needed. In addition, inter-
views were conducted with maintenanceengineersand employeesassociatedwith variousfunc-
tionsto gain insightintooverallbuildingoperations. A largepartof inspectiontime was spentexa-
miningthe building envelope, includingwalls, windows,doors, roof, and floors. Since cooling
makes up a significantamountof the totalenergyconsumption,it was very importantto examine
the buildingenvelope indetail to find areas where it couldbe improved. Buildingmechanicaland
electrical systems also were examined and analyzed. These systems includedcooling equip-
ment, piping and ducting,fans, domestic hot water, steam boiler, and lighting. Ali systemswere
checkedfor controlmethods,operating efficiency,maintenancescheduling,leaks, insulation,and
otherfactorswhich influencedenergyconsumption.

Energy Conservatlon Opportunltles (ECO) Analysls

Using the informationgathered from the energy history and buildinginspections,a list of
energy and cost-saving opportunitiesand recommendations was developed. Many of the cost-
effectiveenergyconservationmeasuresrequiredlittleor no capitaloutlaybecause significantsay-

• ings couldbe obtainedthroughminor operationalchanges. Futurechanges wouldbe broader in
scope and more capital intensive. Ali calculationsin this studywere performed by the ASEAM
Version 2.0 computer simulationprogramdeveloped by W. S. Fleming & Associates,Inc. Costs
are estimatedin 1987 MalaysianRinggit.

BUILDING DESCRIPTION

General

The buildingconsisted of a four-storypodium blockwith parkingfloorsand a 14-storyhotel
tower (see Figures G-I and G-2). lt is joinedto anadjacent buildingat the northeastcomer. The
building's facades are orientedto the northeast,southwest,and northwest,with the front facing
the southeast. The buildinghas approximately130,000 ft2 of floor area andwas commissionedin
1980.

Bulldlng Envelope
Walls:

The exterior wallswere brickworkandfinishedby roughcast plaster,marble, and tiles. The
walls outsidethe hotelguest roomswere a dark color.
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Windows:

Ali windows contained single-pane glass. The hotel guest rooms, function rooms, and
shopshadinternal shading. Thefirst floorfacadeson the southeastwere shadedbyoverhangs.
Doors:

The main entruncewas an automaticslidingdoor of single-paneglass. Internaldoorswere
of the swingingtype and were made of wood.
Roof:

The roofingmaterialwas eight-inchconcrete slab andfinishedwith rubberinsulation.
Floor:

The floor material was six.inch concreteslab and finishedby cement, tile, marble, and car-
pet,exceptfor staffcanteen,foodstore, andhousekeepingareas.

Air-Conditioning System

The refrigerationplant of the main air-conditioningsystem serving the hotel guest rooms
consistedof two Mitsubishicentrifugalchillerunits, with one normally in operation and one on
standby. Chilledwater from the operationalunit was circulatedto individualcoolingcoils found in
each guest room of the hotel. Conference roomsand restaurantareas were also served by the
chilledwater plant. The chillerswork on R-12, andtypicallyoperatedat 80% of the full load capa-
city; at nightthe load imposedwas less.

Lighting

The buildingusedtwo typesof lighting.
Fluorescent:

• 4 x 2 : 4 fluorescenttubes,2-foot

• 2 x 4 : 2 fluorescenttubes,4-foot

• 3 x 4 : 3 fluorescenttubes,4-foot

The fluorescentlightswere used inoffices,the staffcanteen, toilets,kitchen,and car-parks.
Incandescent:

The building used differentintensitiesof fixtures, i.e., 25W, 40W, 60W, 80W, and 100W.
The incandescent lightswere used in hotelguest rooms, room corridors,front lift lobby,function
rooms,the restaurant, bar, coffee house, and the hotel lobby.

ELECTRICITY BILL

Monthlybills were supplied by the National Electricity Board of Malaysia (NEB). The building
used TariffE1 - MediumVoltageGeneral IndustrialTariff. The NEB chargefor each unitwas M$
0.16/US$ 0.06. The NEB also charged for each kilowattof maximumdemand per month. The
charge was M$12.00/US$ 4.65 and the minimumcharge was M$ 500/US$194. The building
ownerwas also requiredto pay a Connected LoadCharge when usingsuppliesat mediumor high
voltages. The chargeablemaximumdemand (MD) was the shortfallbetween 75% of the declared
MD and the actual MD measured in any one month. The chargefor the monthlyconnected load
was M$ 4/US$1.55 for eachkW of chargeableMD.

ENERGY END-USE

The building'selectricity consumptionfor the first nine months in 1987 was M$ 894,906/US$
346,796. The energyconsumptiontotaled 3,809,150 kWh which cost M$ 707,544/US$ 274,189,
of which M$ 99,880/US$ 38,706 was the maximum fee. LPG (liquefied petroleum gas) was
largely used for cooking. The consumption was 150 cylinders per month which cost M$
57.80/US$ 22.40 per cylinder. Dieselwas usedfor hot water andthe steam boiler. The consump-
tionwas 8,900 litres,at M$ 0.56/US$ 0.22 per litre.
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BASE CASE

The base case simulationresultshowedonly a slightdifferencewhen comparedwith actualbills,
not includingthe maximumdemand fee. This is shownbelow:

Totalelectricityconsumptionfor
the firstnine monthsfrom actualbill = 3,797,900 kWh

Totalelectricityconsumption for
the firstnine monthsfrom basecase = 3,452,981 kWh

Percentageof variation = 10%

The distributionof electricityconsumptionwas analyzed from the result of this base case.
The last two months showed slightlyhigher electricityuse comparedto other months. Possible
causes includedthe following:

• Higher than anticipatedapplianceelectricityusage;

• Variationin buildingelectricityuse;

• Increased useof thefive liftsbecause of maintenancework;and

• Increased infiltrationratesbecauseof inefficientuse of entrance/exitdoors.

RECOMMENDATIONS

The followingis a listwith briefdescriptionsof Operationand Maintenance(O&M) proceduresand
ECOs identifiedduring our study which, if implemented, could save a significantamount of
energy. The O&M items can generally be performed by maintenance staffor maintenancecon-
tractors.

Building Envelope

Keep Boundary Doors Closed:

Bothdoorsthat separateconditioned space from the outside environmentor unconditioned
space, and doorsthat mark the boundary between areas kept at differenttemperaturesshould
always be closed. Doorsfor foodstores,control rooms, and meeting rooms were always open,
and this increasesthe rate of infiltration.The use of revolvingdoorsshould be investigated.

Lighting

Use High-Efficiency Ballasts:

Fluorescentlightingwas widely used in administrationoffices, corridors,staircases,toilets,
and car-parks. The electricityconsumption can be reduced if presentballastsare replacedwith
high-efficiencyballasts, i.e., SW.

Reduce Number of Light Fixtures at Windows:

The frontstaircase,back staircase,and officecorridorhavedaylightingaccess. The number
of lightfixturescan be reducedto 30% of the presentinstalledcapacity.

Replace Incandescents with SL Lamps:

The lampsin hotelguest roomsand corridorscan be replacedwith SL lampswithoutaffect-
ing outputor color. Thiscan be describedas below:

presentincandescent replacewith SL lamp

GLS 40W SL 9W
GLS 60W SL 13W
GLS 100W SL 25W

The replacementof incandescentsin hotel3uest roomscould reducethe installedcapacity
by 62.5%. This isshownbelow:
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Totalwattage for255 guest rooms
withdifferentcategorieswhich
use incandescent =126,030 Watts

Totalwattage for 255 guest rooms
with differentcategorieswhich
use SL lamps = 47,242 Watts
Wattage of reduction = 78,788 Watts

Percentageof reduction = 62.5%

The numberof lamps replacedwill be 2,207. 1,258 of these are SL 9W; 653 are SL 13W
and 298 are SL 25W. Total investmentfor thisreplacementis:

Total investment@ M$ 30/each = 2,209 x 30
= M$ 66,270
= US$ 25,682

The replacementof incandescent lampsin corridorswould reduce the installedcapacityby
77.5%. This is shownbelow:

Totalwattage for hotel
corridorswhich use incandescents = 7,680 Watt

Totalwattage for hotel
corridorswhich use SL lamps = 1,728 Watt

Wattageof reduction = 5,952 Watt

Percentageof reduction = 77.5%

The numberof SL 9W lampsreplacedwillbe 192. The investmentfor this replacementis:

Total investment@ M$ 30 = 192 x 30
= MS 5,760
= US$ 2,232

Air-Conditioning System

Increase Thermostat Setting:

Set alithermostatsettingtemperaturesto 24°Co

Optimize Operating Time:

The operatingtime of coolingsystems could be optimizedby startingthe air handingunits
(AHUs) one-and-one-halfhoursbefore daily activitiesbegin, and by turning it offduring the last
half-hourof occupancy. This can be done forfunction rooms,meetingrooms, and administration
offices.

Optimize Refrigeration System Operation:

Details of Recommendation. Considerablecostsavingscouldbe achievedbyoptimizingthe
operationof the refrigerationchillerunit. lt is recommendedthatthe two chiller unitsbe provided
with an optimizer unit that would cause the unitsto operate at peak efficiency. After monitoring
the load imposed by the chiller unit in operation, and adjustingthe setpoints accordingly, the
optimizerwouldensure lowelectricalusage.

Principle of Optimization. The coefficient of performance factor is a measure of the
efficiencyof operationof any chillerunit.

COP = coolingproduced(refrigerationloadI
electricalpower required(by chillercompressormotor)

COP varies not only with the amount of load, but also with the temperatL,re of the chilled
water produced and the temperatureof the condenser water circulated. COP increaseswit,_the
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temperatureat which chilledwater can be circulatedto the air handlingplant. A goodoperational
control should provide a higher COP, and, therefore, reduce the power requirements of the
compressormotor. The optimizerwould monitorali the factors affectingCOP and other related
parameters,and could reset the machine to operate at a revisedcondition, resultingin the best
COPfactorpossible.

Cost Saving Calculation. lt is estimatedthat the recommendedoptimizer control system
wouldsave 12=/oof chillerenergy, assumingthat the chilleroperatedat approximately260 amps,
andat a power factorof 0.9.

Powerconsumed = 3 x 415 x 260 x 0.9
= 168kW

Annualenergyconsumed
at an averageof 80%
of normaloperation = 0.8 x 168 x 8 760

= 1,177,344 kWh
Annualoperatingcosts
at M$ 0.16 per kWh = M$188,375

= US$ 73,000

Estimatedsaving@ 12% = M$ 22,605
= US$ 8,760

Resource/Investment Required. ApproximatelyM$ 60,000/US$ 23,252 would be required
forthe followingwork:

- installationof a limitedmonitoringsystemto determineload variationof the chillerdur-
ing a typicalday;

- interlockingof the optimizerwith the chiller electronicoperating and safety controls;
and

- testing, balancing,and recommissioningthe system.
Payback Period.

investmentrequiredSimplepaybackperiod=
annualcost savings

= 60,000/22,605

= 2.65 years

Installationof a speedcontroldevice is alsorecommended, ltwouldregulatethe capacityof
thecompressorrefrigerationunitto meet the exact requirementsofthe hoters buildingload.

Equipment

Turn Off Kitchen and Office Equipment:

Workers shouldbe encouragedto keep electricity-consumingkitchen equipment off when
not in use. Staff should minimizeuse of office equipmentsuch as the copiers, typewriters, and
computers.

Refrigerator: Clean Condenser Coils:

Clean coils and fans to increaseheat transferefficiency. The energy consumptionof refri-
geratorsand fr6ezers is directly relatedto the temperatureat which they are kept. If possible,
temperature settings should be increased as much as possible while maintainingfood-storage
quality. Everydegree can mean largesavings.
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ENERGY CONSERVATION OPPORTUNITIES (ECOs)

Single ECOs (SECOs)

Three potentialSECOs are identified:

SECO #1. Replace incandescentlampsinhotelguest roomswith SL lamps.

SECO #2. Replace incandescent lamps inguestroom corridorswith SI_lamps.

SECO #3. Increase thermostatsettings.

Multiple ECO (MECO)

Two potentialMECOs are identified:

MECO #1. Replaceincandescent lampsinhotelguest rooms andincrease thermostatsettings.

MECO #2. Replace incandescent lamps in guest room (x)rridorsand increase thermostatset-
tings.

The resultsare shownin TablesG-1 and G-2.

COMMENT

Submeters should be installed to track the energy use of the large consumers, i.e., chillers,
pumps,and AHUs, therebydiscoveringany unpredictedlarge increase in electricityconsumption.
With sufficientrecordedsubmetering,immediateaction could be taken when excess consumption
was noted. At a minimum,submeteringshouldbe installedfor each coolingtower, tor each chiller
installation,and for the individualAHUs. Daily kWhs shouldbe recorded by the maintenance
department and evaluated by the maintenanceofficer. At a minimum,the chillerlog-formsmust
containthe following:

• entering/leavingchillerwater temperature;

• entering/leavingcondenser watertemperature;

• condenserpressures;

• chillerpressures;and

• amps.

Daily boilerlogs containinginformationon temperature and efficiencywould provideuseful
informationfor the calculationof possibleenergysavings. The maintenance department should
review the manuals,and if necessary,updatethem. The maintenance department must be sure
that the staff is familiarwith the manuals and schedules,and that they followthem as closelyas
possible. Plantcooling instrumentsmustbe maintainedproperly,and this isnot beingdone at the
presenttime. Trainingshould be given onthe properuse of equipment,andon the basic princi-
plesof buildingenergyconservation.

CONCLUSION

The ECO implementationwouldreducethetotal energy consumptionfor the building. Of course,
the ECO with the lowest payback period shouldbe implementedfirst, and the evaluationof the
ECO with longer paybackperiod shouldawait consequentre-examinations. If modificationswere
made to the existingmechanical installations,the above-mentioned energy savings would be
affected.
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Sectionel View of Holiday Inn, City Centre, Kual_ Lumpur
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Site Plan of Holiday Inn, City Centre, Kuala Lumpur
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Table G-1 - ASEAM Run Results

Run No. ECO No. Saving Saving
M$/US$ %*

1 SECO #1 578,668/22,423 8

2 SECO #2 7,258/2,812 1

3 SECO #3 20,913/8,103 3

4 MECO #1 81,7291/31,670 2

5 MECO #2 28,542/11,062 4

cost saving* Energysaving,% =
totaldollarcost (basecase)

Table G-2 - List of Payback Periods tor ECOs

ECO ECO Saving Saving Payback
No. Description M$/US$ % yrs*

1 Replace incandescent
lampsinguest rooms
with SL lamps 57,866/22,423 8 1-2

2 Replace incandescent lamps
inguest roomcorridors
withSL lamps 7,258/2,812 1 0-1

3 Increasethermostat
settingtemperature 226,053/8,759 3 no-cost

4 Installedoptimizer
controlsystemfor
chillers 226,053/8,759 12 2-3

investment
*Payback period=

annualsaving
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APPENDIX H

LIGHTING STUDY

SINGAPORE

This reportconciselysummarizesthe resultsof an extensivelightingsurvey conductedlor over
300 buildingsin Singaporeincludinga numberof differentbuildingtypes. The reportalso docu-
ments the policy discussionregardingfuture lightingstandardsand shows how existing lighting
conditionscompareto standardsinSingapore,Malaysia,andThailand.
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PURPOSE OF REPORT

1his reportis the final reportoi Subproject1.1 - LightingSurvey and is a summaryof theprincipal
researcher'sfindingsand recommendationsarisingfrom discussionswith the LightingSubcom-
mitteeof the SingaporePublicWorksDepartment (PWD), EnergyConservationCommittee.

LIGHTING SUBCOMMITTEE TASKS

At the first meetingof the LightingSubcommittee,on 24rh July 1984, the followingobjectivesand
procedureswere agreed:

Objectives

The objectivesof thisSubcommitteeare:

• To review presentprovisionsof lightingloadsin buildings.

• To examinecurrentlightingdesignand installations.

• To examine the viabilityof the introductionof naturallightingas a means of energy
saving inbuildingdesign.

• To devise a methodof calculationof the availabilityof daylightinbuildings.

• To recommend a revision of building regulations to include daylighting.

Procedure

The procedures laiddownbythe Subcommitteeto achievetheabove objectivesare:

• To conducta surveyof major buildingsin Singaporeandto evaluatethe present prac-
tice of lightingdesignand installation.

• To run the DOE 2.1B programon several buildingforms andto evaluateenergy saving
due to the introductionof daylighting.

• To draft calculationproceduresandbuildingregulationsfor daylighting.

SCOPE OF REPORT

The areas coveredin the reportinclude:

• A review of the programme of surveys undertaken in Singapore, includingdetailsof
buildingsvisitedandthe format of survey data.

• Results of the survey data, includingdetails of lightingpower densities for various
types of activity, associated levels of illuminance achieved for these activities, and
measures of lighting efficacy.

• Analysis of results to indicate distribution of values with respect to prevailing regulatory
limits and accepted design standards in Singapore.

• Comparison of results from survey data with existing and proposed standards for other
ASEAN countries.

• Proposals for revisions to regulatory standards in Singapore.

• Appraisals of the impact of such revisions with particular reference to compliance and
design implications.

THE FIELD SURVEY

To establisha significantdatabase from which it would be possibleto judge the current design
practice and level of regulatorycompliance,a totalof 100 buildingswas proposed,The buildings
were selected for inclusion in the survey based on the following criteria:

• Ali building types contained in para 2.8 of Handbook on Energy Conservation (PWD).

• Buildingswith good lightingdesign and installation.
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• Energy-efficient buildings.

Assistance was sought from Subcommittee members lrom PWD and the Public Utilities
Board in identifying appropriate buildings. At this stage of the survey, of the building types
included in current regulations, primarily offices, shops and circulation spaces were chosen.

The data collection method and survey record was based on a previous survey carried out
by the Department of Building Science, National University of Singapore (NUS), the record sheet
being taken as the pro forma, and developed into the final survey form.

The survey was carried out between August 1984 and September 1985 by students of the
School of Architecture, NUS, under the supervision of Mr. J.F. Pickup, Senior Lecturer in the
Department of Building Science, NUS. Preliminary reporting of the results was made to the Main
Committee in 1986. The survey work was funded by the ongoing lighting research programme in
the Department of Building Science, NUS.

In 1986, it was agreed to extend the range oi building types to include schools. A survey of
10 schools was carried out in June 1986 with the assistance of the Ministry of Education. In view
of the extensive availability of daylight in the school buildings, the survey form was modified to
include measurements of daylight illuminance.

In 1987, the survey was further extended as part of the ASEAN US Cooperation Programme
Phase 3, Research Activity $1.1. The criteria for the additional work was:

• Extension of existing data base.

• Verification of results from previous surveys.

• Inclusion of additional activity types (industrial).

This work was carried out by students of the School of Architecture, NUS, acting as part-
time research assistants under the supervision of Mr. Peter Woods, Senior Lecturer in School of
Architecture. The survey work was funded from the ASEAN US Cooperation Programme budget
for Research Topic area S.1.

For this survey, additional data were collected with respect to daylight illuminance and distri-
bution of interior surface luminances.

Summary of Field Survey Visits

Table H-1 gives details of numbers of buildings visited and spaces surveyed, broken down
by activity type in each phase of the survey. Note that the total number of buildings visited is not
the summation of each column because some buildings, spaces with more than one activity type
were surveyed.

Field Survey Results

For each location, the following has been calculated from the survey results:

• Lighting power density (including an allowance for lighting circuit).

• Illuminance levels on the working plane (average).

For offices and shopping centers, installed efficacy values have been calculated to allow a
comparison with possible target values. Table H-2 summarizes the results for the major building
activities surveyed.

POWER DENSITY LIMITS

Criteria for Power Density Limit Revision

The Lighting Subcommittee took as its basis for evaluating the impact of existing regulations
and proposing future revisions the following criteria:

(1) Existing regulatory standards.
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(2) Performance of existing buildings.

(3) Proposed standards in other ASEAN countries.

(4) Current technicalperformance oi equipment.

(5) SISIR code standards for illuminance.

(6) Assessment of availability of appropriate equipment.

(7) Implications for lighting quality.

Compliance with Power Density Standards

Surveyed values for power density have been compared with both current Singapore regula-
tions as stated in the Handbook on Energy Conservation and standards proposed in comparative
documents for Malaysia and Thailand. Both are draft proposals and possibly subject to
modification. They are, however, indicative of intentions. Table H-3 summarizes the comparison.

MEASURED ILLUMINANCE LEVELS

There is no published standard for illuminance design level perlinent to the buildings surveyed,
except by implication that good design practice would comply with other suitable international
standards.

The Code of Practice for Artificial Lighting C.P. 38 1987 has now been published. Table H-4
compares surveyed values with the levels recommended in the code.

DISCUSSION OF RESULTS

For each of the main activities, the implications of the survey results are listed below. A summary
of the discussion on the results by the Subcommittee follows with recommendations to the Energy
Conservation Committee.

Offices

Summary of Results:

The existingregulatorylimit of 20W/m2 hasbeen achieved by 65% of the sample surveyed.
For the 136 cases, the averagevalue was 19 W/m2. Bycomparisonwiththe proposedstandards
in otherASEAN countries,30% of the sample surveyed:

- 49% wouldcomplywithdraftMalaysianstandard of 18 W/m2.

- 40% wouldcomplywithdraftThailand standard of 16 W/m2.

Currentequipmentavailableand in use in Singaporeisdemonstrablycapableof meetingthe
SISIR code illuminancetargetwithina powerbudgetof 16 W/m2 (efficacy> 33 lm/W, achievedby
16% of sample), A disturbingtrend illustratedby the survey is the numberof cases where the
task illuminance was substantially lower than the SISIR code recommendations, 40% of sample
below 300 lux (67% of the sample have an efficacy lower than 25 lm/W). This would seem to
arise because of low design standards and poor maintenance.
Subcommittee Discussion of Office Results:

Two issues were raised: the need for greater distinction between large and small offices,
and the availability of suitable lamps, luminaires, and control gear to meet the recommendation.
The argument for the former is that small offices do not utilize the lamp output as effectively as
large offices. Hence, in any power density limit, this should be acknowledged with a slightly more
generous budget. The arguments against such a distinction are:

• The difficulty in defining 'small office' for the purposes of a regulation and setting a lim-
iting size.

• Typical planning of office floors tends to locate small otfices at the perimeter, where
they usually enjoy a significant amount of daylight, lt is acknowledged that internal
decor, blinds, and external obstructions might mitigate against this advantage.
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• Where small offices occur remote from windows in deep plan locations, partitions nor-
mally have extensive glazing for visual relief, This means the lighting of a small office
tends to perform in like that of a larger space.

These latter arguments were taken by the Subcommittee to be more persuasive than having
distinctions in the Handbook for different office sizes.

With regard to the question of equipment availability, the Subcommittee is indebted to Mr.
John F. Pickup, NUS, for a series of calculations of the performance of typically available lamps,
luminaires, and control gear. His observations follow:

Example

An office 4m x 4m x 2,85m high using two modular recessed prismatic luminaires with three
1200mm 40-watt standard fluorescent tubes in each. Reflectance oi ceiling is 0.7 and of walls,
0.5, with a utilization factor of 0.3.

The installed luminous efficacy, including average (locally made) (10 watts loss) ballasts and
1200mm 40-watt standard fluorescent tubes, is 17 Irn/W. Using 36-watt tri-phosphor fluorescent
tubes with low-loss (6.5W) ballasts, the installed efficacy is 21.2 Im/W.

An area of 4m x 4m (room index --. 1.0) and providing 300 lux would correspond to six
fluorescent tubes and two luminaires, Using average ballasts and lamps, the power density is
18.75 W/m2, Using tri-phosphor tubes and low-loss ballasts, the power density becomes 16
W/m2,

Polished aluminum reflectors with louvres, giving a better utilization factor of say 0.35, could
permit two lamps only per luminaire and a resulting power density of 10.6 W/m2.

On this basis, a regulatory limit of 16 W/m2 was thought reasonable.

Recommendations by Subcommittee for Offices:

t Lower power density limit to 16 W/m2.

• Promote SlSIR code task illuminance requirements.

• Promote target efficacy of 33 Im/w or greater.

• Education Programme: Design Methods (Task/Ambient), Programmed Maintenance,
and Lighting Quality.

Shopping Centers

Summary of Results:

The existingregulatorylimit of 30 W/m2 has been achievedby 69% oi the sample surveyed.
For the 45 cases, the average valuewas 29 W/m2. By comparison with the proposedstandards
in otherASEAN countries,ofthe sample surveyed:

- 47% wouldcomplywiththe lower draftMalaysianstandardof 23 W/m2.

- 42% wouldcomplywiththe lower draft Thailand standardof 22 W/m2.

There is a wide variationin illuminancelevels, although 40% of the sample exceed the
SISIR code value of 500 lux (sampleaverage is 436 lux).

Subcommittee Discussion of Shopping Centers Results:

The questionof the value of retainingany limitfor shoppingcenterswas raised in lightof the
wide divergenceof lightingstandards. The main argumentfor retentionwas that having no limit
mightbe interpretedas suggestingthat energy conservationin shoppingareas was considered
unimportantby the authorities. With regard to the revisionof the limit,the increasedacceptance
of new merchandisingtechniques based on display lighting and the availabilityof new low-
powered sources was put forward as being a trend which would automatically reduce power con-
sumption.
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Recommendations by Subcommittee for Shopping Centers.

• Retain a power density limit for shopping centers and reduce to 23 W/m2.

• Promote SISIR code task illuminance requirements.

• Education Programme: Disseminate new lighting trends for merchandising (particu-
larly low wattage lamps for accent and display lighting).

Circulation

Summary of Results:

The existing regulatory limit of 10 W/m2 has been achieved by 56% of sample surveyed. For
the 81 cases, the average value was 16 W/m2. By comparison with the proposed standards in
other ASEAN countries, of the sample surveyed:

- 77% would comply with the draft Malaysia standard of 17 W/m2.

- 75% would comply with the draft Thai standard of 15 W/mz.

The illuminance distribution centers on the lower SISIR code recommendation. The sample
average is 135 lux compared with the recommendation of 150 lux.
Subcommittee Discussions of Circulation Results:

The Subcommittee felt that the original regulation limit of 10 W/m2 was probably too severe,
given that in many buildings the distinction between the circulation spaces and other activities is
not always clear in the lighting design. Clearly there was no justification for lowering.the limit and it
would not be wise to raise it. The Subcommittee also felt that "circulation areas" should be taken
to include lobbies, corridors, and stairs, without separate categorization.
Recommendations of Subcommittee for Circulation Areas:

• Retain power density limit at 10 W/m2.

• Promote SISIR code illuanmancerequirements.

Schools

Summary of Results:

The existing regulatory limit of 20 W/m2 has been achieved by 100% of sample surveyed.
For the 44 cases, the average value was 10 W/m2. By comparison with the proposed standards in
other ASEAN countries, of the sample surveyed:

- 100% would comply with the lower draft Malaysian standard of 17 W/m 2.

- 100% would comply with the lower draft Thai standard of 16 W/m2.

The distribution of illuminance levels in the sample suggests a general design level of
around 400 lux. The SISIR code recommends 300 lux. The normal luminaire encountered in the
survey is a surface-mounted open trough fitting which, in combination with the efficient fluorescent
lamps used, accounts for the high efficacy performance. This standard design is of concern to the
Subcommittee as it may not meet an adequate standard for control of discomfort glare.
Subcommittee Discussion of Schools Results:

This concentrated mainly on lighting quality and the need for varying standards for different
age groups. This was also _oupled with a discussion on lecture theatre design. The Subcommit-
tee felt that it should express its concern over possible glare problems in current school lighting
schemes. With respect to different standards for each age group, the development of the use of
extensive audio-visual material, particularly in tertiary institutions, suggested no real reason for
having higher limits. Where high levels of task illuminance were necessary, as in laboratories or
machine rooms, the use of appropriate task lighting would be a preferred solution to excessive
ambient illuminance.
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Recommendations by Subcommittee for Schools:

• Lower power density limit to 15 W/m2.

• Promote SISIR code task illuminance and limiting glare indices.

Production Areas

Summary of Results:

There is no existing regulatory limit for production areas. Of the 17 cases surveyed, the
average value was 24 W/m2. By comparison with the proposed standards in other ASEAN coun-
tries, 30% of the sample surveyed, would comply with the draft Malaysian standard of 20 W/m2.
The sample, though small, demonstrates an extremely wide range of illuminance and power den-
sity levels. There would seem to be no reason why a power density limit for production areas can-
not be specified given that the illuminance recommendations in the SISIR code are similar to
those for offices. Such a power density limit would have to recognize the particular space dimen-
sions in production areas (ceiling heights) andobstructions to the task.
Subcommittee Di_;cus_ionsof Production Area Results:

lt was raised very early in the project that industrial buildings should be included in the
Regulations. The problem identified, even from the small sample surveyed, is the wide range of
current conditions. Some installations are being specified at much higher standards than the
Singapore Code, particularly for U.S. firms operating in Singapore. The Subcommittee felt that a
single but fairly liberal limit should be made for production areas.

Recommendations by Subcommittee for Production Areas:

• Institute a power density limit of 20 W/m2.

• Promote SISIR Code Task Illuminance requirements.

• Education Programme: Design"Methods (Task/Ambient) and Programmed Mainte-
nance.

SUMMARY OF RECOMMENDATIONS

The main findings and recommendations by the Lighting Subcommittee have been summarized in
Table H-5.

.'
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Table H-1. Summary of Survey Locations

" Activity 1stSurvey Period (1984/85) 2nd SurveyPeriod(1986) 3rd Survey Period(1987)
Type Buildings Locations Buildings Locations Buildings Locations.......

Office 44 68 21 63
Shops/DeptStores 23 44 3 3
CirculationSpace 58 84 1 2
Schools 10 44 - -
A'_ditoria/Cinema 13 14 - -
Industry - 7 22
Restaurant/Kitchen 15 15 - -
Ticketing/Reception 5 5 - 4 4
Hotel 9 9 - -
Indoor Sports 3 3 - -
Conference/Meeting 2 2 - 6 7
Computing - - 2 3

244" 44 "104 "

Table H-2. Summary of Survey Results

ACtivity Power Density(lm/w) WorkingPlane Illuminance(Lux)
(no. of cases) Average Max Min Std. Dev. Average Max Min Std .Dev.

..............

Offices (136) 19 60 5 8 366 946 94 167
Shopping (45) 29 79 11 15 436 1,140 128 235
Circulation (81) 16 48 1 11 134 518 13 111
Classrooms (44) 10 13 5.6 1,4 400 865 115 125
Production 24 59 3.7 14 520 887 169 224
Areas (17)
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Table H-3. Comparison of Power Density Standards and Survey Results

Singapore Draft Draft Survey
Activity Regulations Malaysian Thailand Mean

(Current) Standard Standard Values
t ,,,

Offices 20 18 16 19

Shops 30 26 - 23 22 - 23 29

Circulation 10 17 15 16

Classrooms 20 17 - 20 - 22 ! 3- 18 10

Production - - - 24
areas

Table H-4. Activity Type/Illuminance Standards

SISIR Code Mean Percentage Percentage Sample
Activity Recommended Survey Above SISIR Below SISIR Size

Level Value Standard Standard

r-,% Office 300(550)750 366 750 = 4.5% 300 = 40% 136
" Shops 300(500)750 436 750 = 9.0% 300 = 33% 45

Circulation 100(150)200 134 200 = 17% 100 = 47% 81
Classrooms 200(300)500 400 500 = 17% 200 = 9% 44
Production 300(500)750 497 ! 750 = 19% 300 = 25% 17
areas I,, ,
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Table H-5. Recommended Changes to Power Density Limits (W/m2)

Maximum Lighting Load
Type of Building Current Recommended Comment

Offices 20 16 Revision readily
achievable, but
concerted effort
necessary to ensure
illuminance standards
are met.

Classrooms 20 16 Revision easily
achievable but
concern over glare
lrom current
luminaire choice.

Lecture Theatres/ 25 16
Auditorium

Shops/Supermarkets 30 23 Retain limit.
Dept stores Revised level will

be met by general
changes in merchan-
dising strategies.

Restaurants 25 20 Availability of
efficient sources of
color rendering and
appearance desirable
for restaurants
allows for reduction.

Circulation lobbies/ 10 10 Current survey
stairs evidence suggests

existing limit is
sufficiently
stringent.

Car Parks 5 5

Production - 20 Introduction of a
limit is recommended.
Task lighting should
be recommended.
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ASEAN Commercial Building Energy Survey

Parts One through Five of this questionnaire are intended to be completedby the building
owner, manager,and/or operator. Part Six is moredetailed, lt may requirea trainedbuildingsur-
veyteam to visityour buildingto assistthe owner, manager, and/oroperatorto answer the ques-
tions.

Please CIRCLE THE APPROPRIATE NUMBER or LETTER or BOX that correctlyanswers
the questions,or write in your responsewhere indicated. Please do not estimate. If you are
unableto answer a question,please routethe questionnaireto the personwho can complete the
missinginformation.Please indicateif theinformationis not availablebywritingin "not available".

PART ONE: GENERAL INFORMATION

1.1. Name of Building:

1.2. Address:

1.3. Name of Respondent:
1.4. Position: Tel. No.:

1.5. Building Type (or, predominant building function)

a. Office/ProfessionalBuilding

b. ShoppingCenter/Mall/Retail/Service(DryGoods Retail)

c. Food Sales (Groceries)

d. Food Services(Restaurants)

e. Hotel/Motel/Dormitory

f. Hospital/In-patientHealth Services

g. Clinic/Out-patientHealth Services

h. SkilledNursing/Oth_;rResidentialCare (NursingHome)

i. Education(Schools,Universities)

j. AssemblyBuilding

k. PublicOrder andSafety

I. IndustrialProcessingand Manufacturing

m. AgriculturalPurposes

n. Laboratory

o. ReffigeratedWarehouseorStorage

p. Non-refrigeratedWarehouseor Storage

q. ReligiousFacility
r. Residential

s. Other (Please specify:)

1.6. Number of Floors (excludingcar parks)
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1.7. Building Size (excludecar parks;includeservice andcirculationareas)
Please circle whether areas are supplied in m2 or ft2.

a. Total area per floor(typical): (m2 or ft2)
or
Total buildingarea: (m2 or ft2)

b.Conditioned area per floor (typical; includeair-conditionedand ventilation-onlyareas):
(m2or ft2)

or

Total building conditionedarea: (m2 orft2)

c. Car parks: (m2 orft 2)

1.8 Energy Use (including ali end-uses;annualdata is the minimum,monthlyis preferred)

a. Fuel types used:D Electricity [] Gas [] Fuel Oil [] Other (specify):

b. Annualenergyuse kWh; BTU; gallons

c. Annualenergycost ($ or othermonetaryunits)

d. Annualelec. demand cost,if any. ($ or ¢,thermonetaryunits)
e. Maximum of the billing-periodpeakelectricdemand kW
f. Don'tknow

Sourceof data:

D UtilityCompany
[] Bills
D Other (specify)

or

Monthly:

Is there more than oneof any one metertype (electric,gas, etc.)?
O Yes [] No

If so, record the data by meter on a separate sheet; include what area or equipment the
meter supplies.

• List readings taken from the main meter (or meters if there are gas or other meter
types) for the past 12 months, for ali energy types

• ff demand charges exist, also list demand readings (kiN) for the same period.

• If other fuel is used, list the fuel type and units (litres, BTU, etc.).

• If building operator does not have the information, obtain accounting numbers and
appropriate permission from the building operator to get this billing history from the util-
ity &/or other fuel supplier(s).

• Always obtain coDies of the bills if possible.
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Electric Elect. Other Other
Year & Month Electricity Elect. Demand Demand Fuel Fuel

(kWh) Cost (kW) Cost Energy Cost

! .9 Age of building

1.9.1. InitialConstruction:when was the constructioncompletedfor the majoror largestportionof
the building?

Year?

If you do not know the buildingage precisely,provideyourbest estimateof the period
duringwhichthemajorportionof constructionwascompleted:

O 1900 or before
[] 1901-1920
[] 1921-1945
[] 1946-1960
O 1961-1970
[] 1971-1973
[] 1974-1979
[] 1980-1983
[] 1984-present
[] Don'tknow

1.9.2 Major Renovationsor Additions:when was such constructioncompleted (if any)? What
percentage of the buildingor buildingsubsystemwas renovated? If an additionoccurred,
what percentageof theoriginalbuildingwas it?

Year Percent Renovated(forthe building)

Year PercentRenovated (forthe mechanicalsystem)

Year Percent Renovated (forthe lightingsystem)

If you do not knowthe renovation/additionage precisely,provideyourbest estimateof the
pedod dudngwhichthe major portion ofconstructionwas completed:

E]1900 or before
[] 1901-1920
[] 1921-1945
D 1946-1960
[] 1961-1970
[] 1971-1973
[] 1974-1979
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[] 1980-1983
[] 1984-present
[] Don'tknow

1.10 Building Architect and Engln_,.= of Record

Please listthe architectsand engineerswho designedthe building. List the architectsand
architecturalfirm,andthe mechanicaland electricalengineersor engineeringfirms.

Architect: Name

Address

Telephone
Do notknow []

MechanicalEngineer: Name
Address

Telephone
Do not know []

ElectricalEngineer: Name
Address
Telephone

Do not know[]
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ASEAN Commercial Building Energy Survey

PART TWO: ENERGY DECISION INFORMATION

In this section, we are interested in how energy is regarded in your building and in the people who are
responsible for energy policy and energy decisions.

2.1 Overall, has the number of energy-conservingactivitiesin your buildingincreased, decreased, or
remainedthe same since 1980? Please circle one number in response. Or since ?
Supplylater date if more applicable.

1 Increasedoverall
2 Decreased overall
3 Remained the same
4 Don'tknow.

2.2 On a scale of 1 (highly important)to 4 (not importantat all), how wouldyou rate the importanceof
each of the followingfactorsfor motivatingenergyconservationactivitiesin your building? Please
circle a number as your response to each factor; the same rating can be given to two or more fac-
tors.

Importance
Not Not

Motivating Factors Highly at ali Applicable
Expectatlorm of rising energy prices 1 2 3 4 9
Utility demand charges or rate structures 1 2 3 4 9
Coat-control policy for building 1 2 3 4 9
Tax incentive (credits) 1 2 3 4 9
Awareness of successful experiences of similar buildings 1 2 3 4 9
Availability of Information on building energy costs 1 2 3 4 9
Availability of outside funds (grants, private capital, etc.) 1 2 3 4 9

Exposure to markstlng of energy conservation products 1 2 3 4 9
Changes In building code requirements 1 2 3 4 9
High energy costs 1 2 3 4 9
Other Please specify: 1 2 3 4 9
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2.3 For energy matters, who is PRIMARILY RESPONSIBLE for settinggeneral objectives, selecting
specific actions to reduce anergy use, financing capital projects,and the daily management of
energyconservationactivitiesfor yourbuilding? Circle ali that apply.

Setting Selecting Financing
General Specific Capital Daily

ResponsiblePersons(s) Objectives Actions Projects Management
,

Governingbody
(Board of Trustees/Directors/Supervisors) 1 1 1 1
Chief ExecutiveOfficer(CEO) 1 1 1 i
Other administrator ..............
Please specify title:

1 1 1 1
Chief financialofficer ..... i 1 1 1

Buildingmanager ' 1 1 1 1.... ,

Buildingengineer 1 1 1 1
Energycommittee 1 i 1 1
Privateconsultar#. 1 1 1 1

'__')therPlease spocify:
1 1 1 1

Nc designatedindividual .... 1 1 1 1

2.4 For energy matters,what IHFORMATION sourcesdo you use in settinggeneral objectives,selecting
specificactionsto reduceenergyuse, financing capitalprojects,and in dailymanagementof energy
conssrvationactivitiesin yourbuilding? Circle ali that apply.

Setting Selecting Financing
General Specific Capital Daily

InformationSource Objectives Actions Projects Management..

Experience of otherbuildings _ 1 1 1
.,- .,

Financial stat'js of building 1 1 1 1

Manufacturersof energyconservationproduces :1 1 1 1m,

Attending conferences 1 1 1 _,
Technicalandtrade Publications 1 .... 1 1 1

_Professionalsocieties(e.g., ASHRAE)' 1 1 1 ':1
Contactswithothsr professionals(e.g., engineers) '" 1 1 .... 1 '1
Personnelin ;ovemment energyoffices 1 1 1 'i

_ltiUtycompanies ' "_ 1 r; - 1
Consultantsand auditors 1 1 1 1

Other Please specify:
1 1 1 1

2.5 Do youhavea writtenenergyplan (excludingaudits) forcontrollirKjenergycostsin yourbuildings?

1 Yes
2 No
3 Don'tknow
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ASEAN Commerclal Bulldlng Energy Survey

PART THREE: ENERGY USE

In this section, we are interested in the energy consumption in your building, now, and in the past. We are
also interested in the actions you have taken, or plan to take, to improve the energy performance of your
building.

3.1 What is your estimate of the energy performanceof this building(compared with your estimateof
typicalenergyperformancefor otherbuildingsof itstype)? The buildingis:

1 Very energyefficient
2 More efficientthan average
3 Average energyefficiency
4 Less efficientthan average
5 Much less efficientthan average
6 Don'tknow

3.2 What featuresdo youthinkmake this buildingmore (or less)ener_=vefficientthanothers:

1 Designor structuralfeatures Please specify:

2 Buildingenvelopefeatures
3 Air-conditioningfeatures
4 Lightingsystemsfeatures
5 Controls
6 Operationsand mair,tenance
7 Operatortraining
8 Others Please specify:

3.3 How importantis the cost of energy(compared withother costs) in determininghow the buildingis
operated?

1 Very important(a majorfactor)
2 Important(a significantfactor)
3 Average factor
4 Not important(a minorfactor)
5 Don't know

3.4 Overall, has total annual energyconsumption(NOT COSTS) changed in yourbuildingsince 1980?
Or in a later year, if more appropriate.
Please specify year if different from 1980:

1 Increased overall
2 Decreasedoverall

3 Aboutthe same (GO TO QUESTION 4.6)
4 Don't know (GO TO QUESTION 4.6)

3.5 If there has been a changein total_nergyconsumptionNOT DUE to energyconservationmeasures,
why do youthinkit has occurred? Circ/e a re,._ponsefor each of the 4 items.
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Directionof Change

Reason Yes No Up(+) Down(-)
1 Change inbuildingfunctions 1 2 + -,, ,,, , ,, ,,

2 Change inbuildingoperations 1 2 + -
3 Change in occupiedsquarefootage 1 2 + -
4 Change inbuildingcodes 1 2 + -,,,

3.6 We are interested in finding out what ENERGY CONSERVATION OPPORTUNITIES (ECOs),
including no-cost/low-costmeasures, you have taken or plan to take. Please refer to Part Seven,
Additional ECOI for Building Energy Audits, for other ECOs. Please specifyany "Other" meas-
uresused in the appropriatesubsetof Part Seven, andalso here. Please circle ali that apply.

Date of Installation Planned

EnergyConservationMeasures(ECOs) 1973-1979 1980-1987 1988-1992
BUILDING ENVELOPE
Solar Barriers 1 1 1
Insulation 1 1 1
Windows (reflectivefilms) 1 1 1

,,,

Windows (ali other ECOs) 1 1 1
Otheropenings 1 1 1
Manual adjustments 1 1 1
CONTROLS - AIR-CONDITIONING
Time clocks 1 1 1

Computer-basedenergymanagementsystems(EMS) 1 1 1
Other Please specify: 1 1 1
CONTROLS- ELECTRICAIJLIGHTING
Time clocks 1 1 1

"Computer-basedenergymanagementsystems(EMS) 1 1 1
Other Please specify: 1 1 1
MECHANICAL (AIR-CONDITIONING)
Air-Conditioning 1 1 1

,,,

Distribution system (pipes/ducts) 1 1 1
,,

Distribution system modifications(other ECOs) 1 1 1
Domestic(service) hotwater 1 1 1
Manual adjustments 1 1 1
Energyrecoverydevices 1 1 1

'i=ueicor;verstons 1 1 1

Cogeneration 1 1 1
Other Please specify: 1 1 1
ELECTRICAL/LIGHTING
Ughtingconversion 1 1 1
Lightingmodifications 1 1 1
Manual adjustments 1 1 1
Other electricalapplications 1 1 1
RENEWABLE RESOURCES
Conversionto renewableresources 1 1 1

Other Please specify: 1 1 1
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3.7 If you have used any of the ECOs listedabovein Question3.6, whichTWO ECOs have saved the
mostenergyforyourbuilding?

1

3.8 If you havehad problemsin implementingenergyconservationmeasures,please describethe kinds
of problemsyouhave had:

Technical (e.g., maintenancestaff cannothandle added duties, equipment,operationsand mainte-
nance, installation):

Financial(e.g., fimitedcapitalto invest,notconsideredcost-effective,waiting for existingequipment
to complete itsuseful life,budget):

Managerial(e.g., buildingowner will not agree,staffingapprovals):

Information(e.g., aboutproducts,benefits,etc.):

Buildingoccupants(e.g., interferewithbuildingoperations,or tenant perceptionsof comfort):

Other Please specify:



3.9 Have youidentifiedpossibleactionsfor improvingthe energyperformanceof yourbuildingthat you
do not plan to take? Hso, ple_selistthem:

1

3.10 What preventsyoufromtakingthese actions?

Technical

Financial

Managenal

Information

Buildingoccupants

Other Please specify:
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3.11 What financingarrangementshave been used by your buildingto purchase energy-savingcapital
equipmentsince 1980, andwhat financialarrangementsare you consideringfor any plannedenergy
investment? Circle ali that apply.

Source Use Planning
Intemalfunds 1 1
Commercialloans 1 i -

Lease/lease purchase 1 1 -
, , __ ,,,

Savings-basedfinancing 1 1
,

Tax exempt bonds 1 1
Grants 1 1

Other Please specify:

1 1

3.12 Is an energy monitoringor accountingreport, which periodicallytracks and analyzes energy use
and/orenergy costs(e.g., monthly,quarterly,annually)preparedfor yourbuilding?

1 Yes
2 No
3 Don'tknow.

If YES, to whomare the resultsreported? Circle ali that apply.

1 Energycommittee
2 Buildingmanager
3 Buildingengineer
4 Governingbody(Boardof Trustees/Directors/Supervisors)
5 Chief financialoffice
6 Chief executiveofficer(CEO)
7 Other administrator Please specify title:

8 Maintenance/custodialstaff
9 Other Please specify:
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ASEAN Commercial Building Energy Survey

PART FOUR: TYPE OF BUILDING OWNERSHIP

In this section, we are interested in the nature of the current ownership of the building, the size and type of
organization that owns the building, and its experience with building energy conservation. We are also
interested in the ownership of the building when it was constructed.

4.1 Type of current buildingowner:

1 Govemment

a. National

b. Regional
c. Local

2 Other institutional

d. Religious
e. Charitable

f. Hospitals

g. Other

3 Privatecompany
4 Individual
5 Other Please specify:

4.2 CurrentMode of Ownership(circle one major category, and as many subparts as apply).

1 Owner/Resident (Owner occupiesbuilding)

a Entirebuilding

b Part (give approximate percentage of floor space) %

2 Owner/Nonresident(owner leases building)

a Owner is responsiblefor energyutilitycosts

b Owner is responsiblefor buildingoperations

c Owner is responsiblefor maintenance

d Tenant is responsiblefor energyutilitycosts

e Tenant is responsiblefor buildingoperations

f Tenant is responsiblefor maintenance

g Tenant is responsiblealsofor installingsomeenergyusingbuildingsystems:

1) Lightingsystems?
2) Cooling systems?
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3 Corporate/FranchiseOwner (Owner occupiesbuilding,but decisionsfrequentlyare made at cor-
porate levelsdistantfrom locationwhere buildingis located).

4 Developer/Speculator(Owner expects to sell the buildingto occupant/tenantsor to future land-
lord).

4.3 The currentbuildingowner hasownedthe buildingsincewhatyear?

1 Since Please specify year purchased.

2 Don'tknow

4.4 What is the size of the currentowner'sorganization?

1 Lessthan5 people
2 Six to 50 people
3 Fifty-oneto 200 people
4 Morethan 200 people
5 Don1know

4.5 Does the currentbuildingowner haveexperiencein owningandoperatingother buildings?.

1 Yes If YES, howmanyother buildings? Circle one.

a One building

b Two---fivebuildings

c Six or more buildings
d Do not know

2 No
3 Do notknow

4.6 When the building was constructed, what was the mode of ownership? Circle the appropriate
answers, including one major ownership category, and as many subparts as apply.

1 Same ownershipsinceconstruction
2 Differentowner, butsame modeof ownershipas currently
3 Don1 knoworiginalmodeof ownership
4 Differentmodeof ownershipSpecify which type:

1 Owner/Resident(Owner occupiesbuilding)

a Entire building
b Part Give approximate percentage of floor space: %

2 Owner/Nonresident(owner leases building)

a Owneris responsiblefor energyutilitycosts
b Owneris responsiblefor buildingoperations
c Owner is responsible for maintenance

d Tenant is responsiblefor energyutilitycosts
e Tenant is responsiblefor buildingoperations
f Tenant is responsiblefor maintenance
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g Tenant is responsiblealsofor InstalHngsomeenergyusingbuildingsystems:

1) Ughtingsysterns
2) Cooflngsystems

3 Corporate/FranchiseOwner (Owner occupiesbuilding,but decisionsfrequentlyare made at
corporatelevelsdistantfrom locationwhere buildingis located)

4 Developer/Speculator(Owner expectsto sell the building to occupant/tenantsor to future
landlord)

4.7 When the buildingwas constructed,what financingarrangementswere used? Circle ali that apply.

Source Used Planned
Internalfunds 1 1
Commeralal loans 1 1
Lease/leasepurchase 1 1
Tax exemptbonds 1 1
Grants 1 1
Other Please specify:

1 1

4.8 What modeof constructioncontractwas used to constructthe building?
Circleone.

1 Design-bid-build:

Design servicesare completedunderone contract. Designdocumentsare put out to bid to more
than one contractor, andthe buildingis constructedbythe successfulbidder.

2 Design-build:

A single contract is made to bothdesign and constructthe building. This eliminatesa separate
bid process.

3 Negotiatedconstructioncontract:

Can be same as other modes, but the constructionphase differs greatly. Various parts of the
construction are let to individualcontractors based on past experience or reputationwithout
acceptingor reviewingmultiplebids.

4 Fast-trackedand multiple-bidpackageprojects:

The building shell may be designedand constructed with little or no knowledgeof the mechani-
cal, electrical,and/or lightingsystemsthat are to be installedand used after the erection of the
shell.

5 Package project:

Factory-builtbuilding may be completelyprovidedwith systems,appliances,and finishessothat
ali systemsare integratedand coordinatedfor on-siteconstruction.

6 Other Please specify:

7 Don'tknow D
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ASEAN Comrnerclal Building Energy Survey

PART FWE: PERSON COMPLETING THE QUESTIONNAIRE

For the person primarily responsible for completing this survey, p/ease answer
the following questions.

5.1 How longhaveyouworkedat thisbuilding? (years)

5.2 How long haveyou heldyourcurrentposition? (years)

5.3 What degrees andcertificateshaveyouearned?

5.4 Where didyouwork immediatelypriorto comingto thisbuilding?

5.5 How manypeopledo yousupervise?

5.6 How manyof theseare engineers?

5.7 What is the title (position)of yourimmediatesupervisor?.

5.8 Ifwe havequestions,whomshouldwe contactfor clarification?Contactperson:

Title:

Address:
v

Phone:

5.9 Wouldyoulike to receiveinformationregardingthe findingsof thissurvey?
Pleasecheck the linebelowand we willarrange to send the survey resultsas
soonas they are complete.

I wouldliketo receivethe summaryresultsof the survey.

5.10 Is their anythingelse youwouldlike to comment on in regardto this questionnaire
or energyuse in general?

THANK YOU FOR YOUR HELP/

WE APPRECIATE THE TIME YOU SPENT HELPING US.
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ASEANCommerclalBulldlngEnergySurvey

PART SIX: BUILDING CHARACTERISTICS

NOTE: Parts One through Five must also be completed. If you have completed Parts One through
Five already, please make a copy for your records and return Parts One through Five using
the pr( -addressed envelope enclosed.

6.1 Photographs: Attach photosof buildingexteriorhere. If possible,include(and label) at least two
elevations:one Northor South,one Eastor West.
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6.2 Acceu to w_unllghtand breez4m:

6.2.1 Densityof nearbyconstruction.What is the levelof densityof constructionin nearbyarea?
r-1Verydense urban environment,with noopenspace, otherthanstreets
[] Moderatelydense urbanor suburbanenvironment,withsome open

spaces betweenbuildings
[] A few buildingsnearby, but morethanhalfof the spacenear

the building is open space
[] Buildingisfreestanding,few or no buildingsnearby

6.2.2 Adjacentbuildings. This building is indirectcontact withotherbuildingson:
[] One side
[] Two sides
[] Three sides
[] There are no adjacent buildings

6.2.3 Does the building site or its surroundingscontain obstructionsthat reducethe possibleuse of
breezes for naturalventilation? In your estimate,the access to breezes for naturalventilation
is:

[] Good [] Fair [] Poor

6.2.4 Nearby buildings,ifthey exist,are generally
[] Tallerthan sample building
[] Notas tall
[] Aboutsame height
[] Heightsvary fromshorterto taller

6.2.5 Does the building siteor its surroundingscontainobjectsthat blocksunlightfrom reachingthe
building? In yourestimate, surroundingobjects(trees, buildings,etc.) provideshade on aver-
age for daylighthoursfor:

[] Aliof the buildingincludingthe roof
[] Morethan one-half of the building
[] More thanone-quarter ofthe building
[] No shadeis provided

6.3 Shape, Dimensions and Orientation:

6.3.1 Which shape (of those on the next two pages) best describesthis building? Circle the
applicabledrawing. If your building has a very unusual shape that did not fit any of the
shapes provided, please draw a sketch of the shape of the building. Use the blank area
on the bottom of page 19. Please indicate dimensions for Question 6.3.2 on the sketch
you make. Please also indicate the north direction on the sketch.
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6.3.2 Dimensions: (numbersreferto shapedrawings). Please circle which units used

D(1) = (metresor feet)

D(2) = (metresor feet)

D(3) = (metres or feet)

D(4) = (metres or feet)

D(5) = (metresor f3et)

D(6) = (metresor feet)

D(7) = (metresor feet)

DI_ (metres or feet)--_,,,rI _a

D(9) = (metresor feet)

D(10) - _ (metresor feet)

D(11 ) = (metresor fec*.l

D(12) = (metresor feet)

Z (dep*.hoy
pP:;meterzones)= (metresor feet)

Floor-to-ceiJingheight= (metres or feet)

Floor-to-floorheight= Imetres or feet)

6.3.3 Orientation: Toward whichdirectiondoe:sthe _trrow(on the buildingshapedrawing)most
closely point?

O North D East [] South [] West
[] Northeast [] Southeast D Southwest [] Northwest

6.4 Number of floors of csr parks enclosedwithinthisstructure:

Abovegrade Totalarea (m2 or ft2) Circle which units used.

Belowgrade Totalarea (m2 or ft2) Circle which units used.

6.5 Areas of Conditioned and Unconditioned Spaces

• Use the following tables.

• Circle any areas that are currently vacant.

• For zone numbers, refer to shape drawings; include applicable areas of ali floors in each zone.

• Watts per fixture h_cludesthe ballast(s).

• Include both task and ambient lighting.
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Lighting Fixture Types (use thesecodes):

lx4:1 tubefluorescent,4 foot 2x4:2 tubefluorescent,4 foot
3x4:3 tubefluorescent,4 foot 4x4:4 tube fluorescent,4 foot

lx__" 1 tubefluor.,_ length 2x__"2 tubefluor.,_ length
3xm" 3 tube fluor.,_ length 4x__"4 tubefluor.,__ length

SFL: screw,in (or "compact")fluorescent
EEl: energy-efficientincandescent
Sl"standardincandescent
HID: highintensitydischarge(highpressuresodium,metalhalide,

or mercuryvapor)
Other (specify)

Type of Fixture Mounting (use thesecodes):

RGD: recessedwithglass diffuser
RPD: recessedwithplasticdiffuser
SUS: suspended
ATT: attached
Other (specify)

Lighting Control Type (usethese codes):

CB: circuitbreakeror switchin remotepanel
WS: wall switchin localarea
OS: occupancysensor
SCH: scheduledautomaticcontrol
DL: daylightingcontrol
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6.6.2 Lighting Schedule: List the hoursof operationof the lightingon thefollowingdays:

Day of Week Time Lights Percent of Lights Time Lights
Turned On Turned On Turned Off

,,, ,,,,

Mondays to Fridays
Saturdays
Sundays

6.7 CONSTRUCTION

6.7.1 Walls: What is the exteriorwall construcUon?
O Brickor masonry
[] Concrete,pouredorfilledblocks
E]Concrete, hollowblocks
[] Glass curtainwall
[] Metal withinsulation
[] Metal withoutinsulation
[] Other (specify)

What isthe extenorwall color?

Optionat. Providesketchof layersof wallconstruction
6.7.2 Roof: What is the roofconstruction?

[] Metal deck
[] Concrete deck
[] Wooddeck
[] CorrugatedMetal
[] Other (specify).

Does roof haveInsulation? E]Yes D No

Optionat. Provide sketchof layersof roofconstruction.

Roof is [] Flat [] Pitched. If pitched,what is slope?

Roof color

Does roof haveskylights? [] Yes [] No
Ifyes, what is glass type? (checkalithat apply)

[] Tinted
[] Reflective
[] withShading Films
[] Single-glazed

•' [] Double-glazed
[] Other (specify)

V_hatis totalskylightarea? (m2 or ft2) Circle which units used.

Are skylightsoperable?[] Yes [] No
,t

Areskylightsequippedwithexternalshading devlcea?
[] Yes [] No
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6.7.3 Windows

What is glass type?(checkali that apply)
[] Tinted
[] Reflective
[] with ShadingFilms
[] Single-glazed
[] Double-glazed
[] Other (specify)

For each zone(from shapes),what is totalwindow area?
(Includeapplicableareas of ali floorsineach zone.) Circle which units used.

Zone 1" (m2or ft2)
Zone 2: (m2"or ft_)
Zone 3: (mz or ft_')
Zone 4: (mi or ftz)

What types of windowsare used. Check ali those that apply.

[] Casement _ (%)
D Awning _ (%)
[] Horizontalsliding _ (%)
[] Verticalsliding _ (%)
[] Jalousie _ (%)
[] Fixed
[] Other (specify) _ (%)

Arewindowsoperable?[] Yes [] No

Arewindowstypicallyleft open?[] Yes [] No
If yes, when?

What percentof windowarea is left open? _ (%)

Arewindowsequippedwith externalshading devices?
Zone l : [] Yes []No

If yes, what type (see drawings)
[] Horizontaldevice
[] Verticalfin
[] Vertical movable
[] FixedEggcrate
[] MovableEggcrate
[] Other (specify)

What is depthof shadingdevice?(fromglassto outsidesurface)"
_(m orft) Please circle which units used

If not aliwindows inthiszone haveshading,what% of windowarea
does have shading?._(%)

Zone 2: [] Yes [] No
Ifyes, what type (see drawings)

[] Horizontaldevice
[] Vertical fin
[] Vertical movable
[] Fixed Eggcrate
[] MovableEggcrate
[] Other (specify)
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What isdepthof shadingdevice?(fromglass to outsidesurface):
_______(mor ft) Please circle which units used.

Hnot aliwindowsin thiszone haveshading,what% of windowarea
does have shading? (%)

,OR,ZONTAL DEV,CE

t

i

Nlllll!_1iiIllltltiliiJ!,__:'t'_i'll!lli'!l_....Ii
-lT.... _.... __ll-_--IF

solld louvered

VERTICAL FIN
VERTICAL MOVABLE
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FIXED EGGCRATE MOVABLE EGGCRATE
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Zone 3: [] Yes O No
If yes, what type (see drawings)

O Horizontaldevice
[] Verticalfin
[] Vertical movable
[] Rxed Eggcrate
O Movable Eggcrate
[] Other (specify)

What is depthof shadingdevice?(fromglassto outsidesurface):
(m or ft) Please circle which units used.

If not ali windowsinthiszone have shading,what % of windowarea
does haveshading? (%)

Zone 4: [] Yes [] No
If yes, what type (see drawings)

[] Horizontaldevice
O Verticalfin
[] Vertical movable
[] Rxed Eggcrate
[] Movable Eggcrate
[] Other (specify)

What is depthof shadingdevice?(from glassto outside surface):
_(m or ft) Please circle which units used.

If not aliwindows inthiszone haveshading,what % of windowarea
does have shading? (%)

6.7.4 Doom:
What is total exterior door area? (m2 orft2)

Are doorstypicallyleftopen?[] Yes [] No
If yes, when?

6.8 Mechanical Systems

6.8.1 Air-Conditioning systems:

Completethe followingtable. Use these System Type codes:

CVRH: Constantvolumewithreheat
VAVR: Variable AirVolumewith reheat
CBVAV: Ceiling-BypassVariableAirVolume
FCU: FanCoil Unit
WSHP: WaterSourceHeat Pump
AAHP: Air to Air Heat Pump
SZPU: Single-Zone PackagedUnit
WAC: WindowAir Conditioner
Other: (specify)
None

Zones are from the shapedrawings.

I _/'_
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Use these Cooling Energy Source codes: No. of Sizes

Units Capacities Units Used
,, , ,,, ,,,

None .........

DX: DirectExpansion ....

Cant: CentrifugalChiller

Reclp: ReciprocatingChiller
Abs: AbsorptionChiller
DBndl: Double-BundleChiller

Tower: CoolingTower Water

Diet: DistrictCooling

Other: (specify)-

Use these Reheat Energy Source codes:

Size

Capacities Units Used
None ......

Boll: Fuel-firedBoiler

Res: ElectricResistance

Chill: Chillerwaste heat

Diet: DistrictHeat

Other: (specify):

Thermo- Cooling Reheat No. Fan Size
System System Zone(s) star Sy_em Energy Energy of Units
Number Type Served Setting kW IJ;l_t Source Source Fans Capacities Used

(OC)
1

2
3
4

5
6
7
8
9

10
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Schedule: What are the hoursof operationof the air-conditioningequipmenton
the followingdays:

Day of Week Time A/C Turned On Time AJCTurned Off

Mondaysto Fridays
, ,, ,,

Saturdays
Sundays

.....

Is subcooling usedas a dehumidificationstrategy?E3Yes [] No

If some part of the building uses a very different schedule from the building's
predominantschedule,please indicateit below.

Functions:

Day of Week Time A/C Turned On Time A/C Tumed Off

Mondaysto Fridays
Saturdays

Sundays .......

6.8.2 Domestic Hot Water:

What is the energysource?

Size

Capacities Units Used
[] None ......

rl ElectricResistance

[] NaturalGas ....

[] Fuel Oil

[] Fuel-FiredBoiler

D DistrictHeating ....

D Other (specify):

6.9 Other Equipment

In the followingtable, list ali energy-consumingequipment (otherthan lighting,air-conditioning,
and domestic hot water) that is greaterthan 2 kW input,or is used more than 2 hoursper day,
or both. The zone numbersare from the shape drawings;includethe applicableareas of ali
floors ineach zone.
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# of kW Daily
Equipment Zone Identical per Total Operating
Description Number Units Unit kW Hours

,

6.10 Occupancy and Schedule

6.10.1 Occupancy: What is the average numberof peoplein the buildingonthe folk)wingdays:

Day of Week # of Employees # of Visitors Total

Mondaysto Fridays
Saturdays

Sundays

6.10.2 Schedule: What are thehoursof buildingoccupancyon the followingdays:

Day of Week Time Occupancy Begins Time Occupancy Ends

Mondaysto Fridays
Saturdays

Sundays
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PART SEVEN: ADDITIONAL ECOs FOR BUILDING ENERGY AUDITS

7.1 Architectural

1. Stc,m or ReplacementWindows/Doors
2. Insulation,Wall, Roof,Attic,Floor
3. Weatherstrippingand Caulking
4. Reductionof Glass Area
5. Heat ReflectingWindow/DoorCoatings
6. ExtemalShading Devices
7. Other

7.2 Boiler Plant

1. Flue Dampers
2. InsulatePiping
3. Flue Gas Heat Recovery

a. PreheatCombustionAib"
b. PreheatMake-upWater
c. Preheat DomesticHot Water

4. Turbulators
5. Convertto Higher EfficiencyBoilers
6. Convert to AlternateFuel(s)
7. VariableSpell Pumping
8. InsulateDomesticHotWater Tank
9. Other

7.3 Chiller Plant

1. Heat Recovery FromCondenserWater
2. Raise ChilledWater Temperature
3. ChillerOptimization
4. VariableSpeed Pumping
5. Thermal Storage
_;.CoolingTower

a. Replacement/Rehab
o. Water Treatment
c. FanSpeed Control
7. Other

7.4 Lighting

1. ReduceLightLevels
. 2. ReplaceLampswith High EfficiencyLamps

a. Incandescent
b. Fluorescent

3. Convert Incandescentto Fluorescent
4. Daylighting
5. Convert ExteriorLightingTo HighEfficiency
6. Solid-stateBallasts
7. Increa_seFixtureEfficiency

a. Reflectors

*Note which zones these ECO_ apply to during your Iieid survey.
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b. Lenses/Louvers
8. Controls

a. LocalSwitching
b. OccupancySensors
c. AutomatedSchedule

9. Other

7.5 Air Handling Unit Systems

1. ConvertConstantVolumeTo VariableVolume
2. InsulateDuctwork
3. Reduce SystemCFM
4. Heat Wheels/Pipesor Run AroundLoopsfor CoolRecovery
5. ReturnAir Recirculation
6. Reduce Make-up and/or ExhaustCFM
7. Supply/ExhaustFanTimers
8. Isolate24 HoursAreas

a. PackageSystems
b. System Revisions

9. Other

7.6 HVAC Controls

1. ScheduleStart/StopTimes
2. Optimized Start/StopTimes
3. EconomizerCycle
4. MixedAir Control
5. Night/WeekendSet Up
6. DischargeTemperature
7. CentralEnergyManagementControlSystem
8. CycleFan System FromSpace Temperature
9. Other

7.7 Electrical

1. Replace LowEfficiencyMotorswithHighEfficiencyMotors
2. InterlockExhaustFanswithLighting
3. Other

7.8 Laundry

1. DedicatedSystem(s)for Laundry
2. Waste Water Heat Recovery
3. AlternateFuels
4. Other

7.9 Kitchen

1. ExhaustFan Interlockwith Operation
2. "Make-up"Air
3. Other

7.10 Solar

1. Photovoltaic
2. Domestic HotWater Systems
3. Space Cooling
4. Other

1-35



7.11 Staffing

1. Integrate HousekeepingFunctionswithOperationalFunctions
2. Revise BuildingUsage DuringPeriodsof PartialOccupancy
3. Other

7.12 Other

Please indicateany othersignificantECOs youmay recommendthat are not listedabove.
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