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PREFACE

THE ASEAN-USAID BUILDINGS ENERGY CONSERVATION PROJECT

Energy Standards is thefirst ina seriesof three volumesthatculminatean eight-yeareffortto pro-
mote buildingenergy efficiencyin five of the six membersof the Associationof SoutheastAsian
Nations (ASEAN). The BuildingsEnergyConservationProjectwas one of three energy-related
sub-projectssponsoredby the United StatesAgencyfor InternationalDevelopment(USAID) as a
result of the Fourth ASEAN-US Dialogue on DevelopmentCooperationin March 1982. lt was
conceivedas a broad and integratedapproachto the problem of bringingabout cost-effective
energyconservationin Indonesia,Malaysia,the Philippines,Singapore,andThailand (Bruneiwas
theone ASEAN membernationthat didnot participate).

This volume summarizesintensiveefforts that have resulted in new commercial building
standard proposalsfor four ASEAN countriesand revisionof the existingSingaporestandard.
Furtherfindingsof the ASEAN-USAID Project are collectedin the remainingtwo volumesof this
series,whichcover the followingtopicsindepth:

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

• Volume III - Audits presentsthe resultsof auditsthat were performedon a largesam-
ple of ASEAN commercialbuildings.This informationwas used to create an ASEAN-
wide energy use database. The researchwas largelyconductedby ASEAN analysts
andprofessionalsinlocaluniversitiesand governmentinstitutions.

PROJECT PHILOSOPHY AND CONTEXT

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

While energy 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 criticalglobaland local environmentalstressesare also increas-
ingly recognized. By supportingefforts toward improvedenergy efficiencythroughthe ASEAN-
USAID Project, the largerhopewas to realizethe potentialfor:

• Reduced growthof electricitydemandto free capitalfor other uses, whileavoidingthe
environmentalexternalitiesassociatedwithpowergeneration,

• Loweroil importsfor manyASEAN countriesto reducebalanceof payments problems,
and

• Moneysaved on electricitybillsto be put to moreproductiveuses.

The ASEAN-USAID Projecttargeted energy conservationin buildingsbecause growth of
electricity consumptionin this sectorhas been particularlyrapid throughoutthe region. In 1970,
residentialbuildingsin ASEAN consumedapproximately3.5 billionkWh and commercialbuild-
ings, 4.3 billion kWh. By 1987, these figures had grownto 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-yearperiod,or at an annual rateof 10.9%.*

One of the immediate implicationsof increasingenergy consumptionis financialexpense.
The total annual cost of electricityfor buildingsin ASEAN (45 billion kWh) is about $4 billion
(U.S.), and if industrialbuildings,self-generation,and 'publicconsumption"are counted,the total
annual bill may be as high as $5 billion (U.S.). Since electricity consumptionin buildingshas
grown rapidlyand is likely to continueto do so, utility costs in the sector are likely to increase
markedlyovertime. Becausebuildingcrepresentsucha significantfractionof electricityconsump-
tion in the region, they represent an ir,lportant target sector for nationaleffortsaimed at reaping
the economicandenvironmentalbenefitsof increasedenergyefficiency.

The ASEAN-USAID Projectfocussedon commercialbuildingsbecause of the magnitudeof
potentialsavingsin thisenergyusesector. As describedin greaterdetail elsewhere in this series,
the potentialfor electricitysavingsin commercialbuildingsis significant:

® 10% savingsachievableinthe near term,

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

• 40% or more savingsachievablein the longerterm.

A 10% reduction in commercial buildingenergy use in ASEAN represents $200 million
(U.S.) savingsin fuel billsper year. Deductingthe costs of investmentsneededto achieve these
savingsyieldsnet annualsavingsto 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
LawrenceBerkeley Laboratory(LBL)and the Singaporegovernment. This firsteffort had several
purposes,namely:

• to transfer to Singaporea computercode (DOE-2) to analyze the energy performance
of buildings,

= to analyze measuresto increasethe energyefficiencyof buildingsin Singapore,

= to use the analysis resultsto extend and enhance Singapore's standardson energy
efficiencyin buildings,and

• to establish a process whereby the other ASEAN members can benefit from the
experience in Singapore, includingthe use of DOE-2, the analysisto supportenergy
standards,and the processof adaptingand implementingbuildingenergystandards.

Detailedresultsof this first phasewere presentedat a conferencein Singaporein May 1984.
The proceedingsfrom this conferenceare available in a separatelybound volume. They include
technical studiessupportingrecommendedoverallthermal transfer value (OTTV) refinements as
wellas energy performancesimulationresults,descriptionsof existingenergyconservationactivi-
ties withinASEAN, and papers on several topics related to energy conservationin commercial
buildings.

With the initiationof a secondphase in 1985, the focus of the ASEAN-USAID Project was
expandedto includethe otherparticipatingASEAN nations. Its purposeremainedto promotethe
developmentand implementationof policiesto improvethe energyefficiencyof commercialbuild-
ings. In pursuitof this goal, the Projectfunded 22 differentresearchsub-projectswithinthe five

* Indeed,theseconsumptionestimatesunderestimatetheactualelectricitydemandattributabletobuildingsfor
at leastthreemasons:(1)a sizeableportionofindustdalelectricityconsumptionisforbuildingservices,(2)
electricitygeneratedonsite,eitherasbackuppowerorfornormaluse,iscountedasserf-productionevenifitis
usedinbuildings,and(3)thecategory"publicelectricityconsumption"mayincludeconsiderableuseofelectri-
cityinbuildings.Thus,itislikelythatbuildingsinASEANaccountforconsiderablymorethan45%oftotalelec-
tricitydemand--probablyintherangeof55to60%.
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participatingASEAN countries.The current series representsa compilationand synthesis of
severalof the many researchpapersthat grew outof the overallProject.

Since its inception,the ASEAN-USAID Projecthas providedtrainingto ASEAN participants,
supported researchprojects throughoutASEAN, conductedresearchat LBL, and engaged U.S.
consultantsto work withASEAN governmentsand privatesectorparticipantsto designprograms
and policies. Within the Project,a key policyfocus has been the applicationof technicaltools to
the development and assessment of efficiency standards and guidelines. The Project has
stressedtraining(especiallyin computersimulationof buildingenergyuse and energyauditing)
and the enhancement of research and developmentcapabilitiesin ASEAN. Much of the data
gathering,analysis,and researchactivity conductedunderProject auspiceswas directedtoward
the eventualimplementationof energyefficiencystandardsfor ASEAN commercialbuildings.



CHAPTER 1: ASEAN STANDARDS: AN OVERVIEW

INTRODUCTION

Mandatoryor voluntaryenergy-efficiencystandardsfor new or existingbuildingscan playan importantrole
in a nationalprogramaimed at promotingenergyconservation.Buildingcodesand standardscan provide
a degree of controloverdesignand buildingpracticesthroughoutthe constructionprocess,and encourage
awareness of energy-consciousdesign. Studiesindevelopedcountriesindicatethat efficiencystandards
can produce energyreductionson the order of 20 to 40% or more [1, 2, 3]. WithinASEAN, analyses of
the savings potentialfrom the proposed standardssuggest that if implemented,these standardswould
produce savingsover currentnew design practiceof 19% to 24%'.

In this volume we provide an overview of the ASEAN-USAID project aimed at promulgating
standards for energy efficiency in commercialbuildings. The processof developingand implementing
energy-efficiencystandardsfor buildingscan be subdividedintotwo keycomponents:policydevelopment;
andtechnicalandeconomicanalysis.Each of these involvesa numberof stepsand processes,as outlined
in Figure 1-1.

This volumedescribesthe technicaland economicanalysesusedto developthe proposedenergy-
efficiency standardsfor four countries(Malaysia,Thailand, the Philippines,and Indonesia),and to refine
an energy standard existingin Singaporesince 1979. Thoughoriented towardthe ASEAN region, the
analysismethodsdescribed here are applicable in a range of settings,providedappropriate modifications
are made for local building construction, climatic, economic, and political conditions. (See Appendix A for
further discussion of the policy development component.) Implementation issues are not specifically
addressed here; rather this volume is oriented towards the analytical work needed to establish or revise
an energy standard for buildings.

TECHNICAL AND ECONOMIC ANALYSIS

Analysesfor the developmentof viable and cost-effectiveenergy standardsmustaccuratelyestimate the
energy and economic impactsof various efficiencymeasures, relative to current constructionpractices.
Typical productsof such analysesinclude:

1) Parametric studiesof key conservationmeasures,suchas windowshadingor roofinsulation
that affects the envelope overall thermal transmissionvalue (OTTV) criteria, increasedair-
conditioningand air-handlingefficiency,more efficient lights,etc.;

2) Estimatesof energysavingsthat willoccur from implementingthe standards;and

3) Estimatesof the cost-effectivenessof the requirementsin the standards.

One approach used widely in both the UnitedStates and ASEAN is to performsuch assessments
using computer-based simulations. To conductthe various analyses with sufficient accuracy, three
fundamental elements must be in place:

Tighter standards,establishedto ensure the applicationof aliwidelyapplicableand cost-effectiveefficiencymeasurescould
reduceenergy innew buildingsinASEAN by as muchas50%. However,no ASE.ANcountryhas yet chosento pursuesuch
a stringentstandardor guidelineat present. Experiencewithvery energy-efficientbuildingsis a prerequisitefor increasing
the stringencyof energystandards.

1-1



• An accurate energy-simulation tool;

• Hourly local weather data over a period of at least one year; and

• "Typical" building descriptions that represent current construction practices.

The following three chapters describe how each of these three analysis elements was developed
for the various ASEAN standards analyses. The choice of energy analysis tool defines the type and detail
of information needed for both weather data and for typical buildings.

Weather Data

A good, recent set of weather data is needed to properly assess building energy use. Current
state-of-the art energy-simulationprogramsuse hourlydata for temperature,humidity,wind speed and
direction,and directand diffusesolarradiationintensity. Frequently,mostof the basic data exist, butare
in a format that cannotbe used bythe simulationtools.* Thus, a firstanalysistask in four of the ASEAN
countrieswasto assembletheexistingdata andto convertthemintoa format compatiblewiththe selected
energy-simulationprogram.

Other times, the necessary data did not exist at ali and appr_xirnations were made. In Kuala
Lumpur, Malaysia, for example, lack of local solar radiation intensity data led to the use of solar data from
nearby Singapore to supplement existing Malaysian data for temperature, humidity, and wind. In other
cases, primary weather data were collected with sophisticated weather-sensing equipment. Solar data for
Jakarta and Bandung, Indonesia, were obtained in this way.

Building Descriptions

Typical building descriptionsare required for use with the energy-simulationprograms. Because
there are so little detailed data about buildingcharacteristics,most typical buildingdescriptionsare
generatedusingprofessionaljudgment. Suchjudgmentis eitherusedto generateprototypesor reference
buildings,orto selectone or more actualbuildingsas reasonablytypical. If possible,the typical buildings
shouldbe based on a reviewof data for sample buildingsobtainedfrom energysurveysand audits. The
sample could includebuildingsfrom categorieswithlarge constructionvolumes,suchas office buildings,
hotels, shoppingcomplexes,and hospitals.

Energy and Economic Analyses

Energy simulations can be performed using the typical buildingdescriptionsand a set of building
operating conditions. Because data describingoperatingconditionsare generally not available, expert
judgementis needed for thisset of inputsas weil. The resultsof the simulationsshouldbe comparedwith
utility billsto check for accuracyand completeness.

Costs and economic impacts, in addition to strictly energy-related data are impudent considerations
in the standards development process, lt is necessary to calculate the energy costs for buildings with
different combinations of energy conservation measures. The relative construction costs of each building
case can then be compared to the changes in energy costs to determine relative cost-effectiveness.

Hourlymeasurementsofdiffusesolarradiationareoftennotavailable.Suchdataareimportantforassessingthepossible
contributionofdaylighting.
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Feedback to Standards Development

The intent of the energy and economic analysis is to provide an solid basis for policy decisions.
Needed information includ,_senergy impacts of various energy measures on the current building stock and
the energy and cost-effectiveness of the proposed energy standards.

STATUS OF STANDARDS DEVELOPMENT IN ASEAN

At the inception of the ASEAN-USAID Buildings Energy Conservation Project, Singapore was the only
ASEAN countrythat had implementeda buildingenergystandard. Partlybecause of the successof such
standardsin Singapore,and elsewhere,energystandardsdevelopmentwas identifiedas a majorenergy-
conservationpolicyinitiativefor the project. Currently,Singaporeis well into the process of revisingits
standard;the otherfour countrieshave made majorprogresstowardsimplementinga firstbuildingenergy
standard. The statusof thevariousASEAN countriesinthe standardsdevelopmentprocessissummarized
in Table 1-1 and described below.

Standards Policy Development

Ali countrieshave formed policy/review committees, which have developed country-specificdraft
energy standards. Major inputs to these proposals came from the Singapore standard and a draft model
standard prepared by the LBL team. This draft model was based on the latest ASHRAE materials from
the 1986 draft of 90.1P, tailored specifically to ASEAN conditions.

Standards Analysis

Ali countries have developed sufficient weather data and typicalbuildingdescriptions.These were
then used, in conjunctionwiththe criteriacontainedinthe draft standards,to generateenergysimulations.
Thailand accomplishedits analyses with in-countryskillsand focusedon analysis of buildingenvelope
performance(OTTV). Malaysia,the Philippines,and Indonesiaexecutedenergyanalysesincollaboration
with LBL analysts. These analyses focusedprimarilyon large office buildings,althoughthe Philippines
analysisalso examined large hotel buildings. The Philippinesused the extensive50+ buildingdatabase
developed in the course of this projectto providea solid statisticalbasis for describinga typical office
buildingand hotel. The other countriesrelied on a combinationof data and professionaljudgment for
typical buildingdescriptionsneededto performthe energysimulations.Cost andeconomicanalyseshave
been performed as part of the Malaysian analysis, and were partly accomplishedfor the Indonesian
analysis.

At the time of this writing, the standards development committees in the various countries are
presently either in the process of reviewing draft standards or in the process of adopting them.

CONCLUSION

This volume describes the process by which energy-efficiency standards for commercial buildings have
been developed in ASEAN. Chapters 2, 3, and 4 cover methodological issues related to gathering and
processing data. Chapter 5 describes the potential impact standards can have in the ASEAN region.
Chapter 6 reviews the energy conservation provisions included in ASEAN standards to date, including
lighting, air-conditioning, and electric power and distribution. Chapters 7 and 8 take a much more detailed
look at provisions addressing the energy performance of the building envelope, i.e., requirements for
Overall Thermal Transfer Value, on which the most work has been done in the project. These technical
chapters review the original formulation of the OTTV standards in ASHRAE and in Singapore, the
subsequent modifications of those standards, and the rationale behind the changes.
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TABLE 1-1. COMMERCIAL BUILDING ENERGY EFFICIENCY STANDARDS-

DEVELOPMENT STATUS (as of 1992)

Region & Country Scope Development Status
Draft Energy Estimated Economic Imple..

New Existing Type StandardAnalysis Reduction Analysis Adopted mentecl

(%)

USA 90.1 15%-30% Ref. [3] 1990 I

S,E. ASIA ISingapore Yes Yes MandatoryI 1984 ~20% Ref. [8] 1979
IMamys_= Yes VoluntaryI 1987 18% Ref. [13] 1989 Pending

• ilThailand Yes VoluntaryI Yes 1990 23% 1992 Pending
IPhilippines, Yes VoluntaryI Yes 1989 21% Planned Pending Pending

Ilndonesla Yes Voluntary I Yes 1989 24% Ongoing Pending Pending
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CHAPTER 2: ENERGY SIMULATION TOOL

INTRODUCTION

To assess the potential energy and cost savings of energy standards for buildings, researchers need to
accuratelyestimate the energy impactsof buildingdesignspriorto constructionor retrofit. A numberof
computer-basedenergy-simulationtoolscanprovidesuchestimates. Thischapterdescribesonesuchtool
inparticular:the DOE-2 buildingenergysimulationprogram[4], whichestimatesthe total and component
energyconsumptionassociatedwitha particularbuildingdesign.This programis widely respectedfor its
accuracy,extensive Features,and availabilityas a "publicdomain""tool.

WHAI" IS ENERGY SIMULATION?

A building'sthermodynamicsinvolvesnonlinearflows of heat throughand among ali of its surfaces and
enclosedvolumes. These flowsare drivenbya varietyof heat sourcesand time variations(e.g., the sun,
the lights, the occupants,and varioustypes of equipment).A computersimulationprogram,like DOE-2,
simulatesa building'sthermodynamicbehaviorwith mathematicalequationsthat representbothcomplex
boundaryand initialconditions.

The simulation processin DOE-2 is performed through four sequential programs. The first program
(called LOADS) uses weather data, building envelope characteristics, and the occupancy schedule to
calculate the heating addition and/or cooling extraction rates that occur in each building space. The energy
performances of daylighting, lighting, domestic hot water, and elevators are also calculated in LOADS. The
second program (SYSTEMS) uses the LOADS input and calculates the demand for ventilation air, hot and
cold water, electricity, and other uses to maintain temperature and humidity set points. In addition, control
equipment, heating, ventilating, and air-conditioning (HVAC) auxiliary equipment, and energy-recovery
equipment are also evaluated within the SYSTEMS program. The third program (PLANT) simulates the
behavior of the primary HVAC systems (boilers, chillers, cooling towers, etc.) in meeting these demands
calculated by the SYSTEMS program. The final program (ECONOMICS) simulates the energy costs
incurred through consumption of electricity and other fuels, with the capability of modeling complex tariff
structures.

The program's features have been expanded over time and new versionshave been released and
used. Several versionsof the programhave been used on the ASEAN project. Early analysiswork for
Singaporein 1982-1983 usedversionDOE-2.1B; the MalaysianandThailandstandardsanalysesin 1986-
1988 used version DOE-2.1C. The Philippineand Indonesianstandardsanalysesconductedin 1989 used
the mostrecent version, DOE-2.1D.

Ali of these versions of DOE-2 have been verified against manual calculations and field
measurements on existingbuildings[5,6]. These studies ali showthat DOE-2 predictionsagree withthe
AmericanSociety of Heating,Refrigerating,andAir-ConditioningEngineers'(ASHRAE)calculationmethods,
manufacturers'data, and measuredannual buildingenergy consumption. DOE-2 resultsalso agreewith
predictionsof otherbuildingenergyanalysiscomputerprograms(e.g., BLAST, NBSLD). Extensivetesting
and validationstudies have made DOE-2 a program that, withinthe limitsof itsdesign, can simulatethe
performancesof a wide variety of buildingtypes and HVAC systems.

ThesourcecodeforDOE-2isavailable,thusallowingcloseinspectionorsubstitutionof itsalgorithms.
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DOE-2 is considered accurate over a wide range of energy features, and its computer code is "in
the public domain," that is, open for inspection and modification. Because of these features, DOE-2 is
considered a "benchmark" for other energy-simulation tools and has been used widely for similar energy-
policy analyses in the United States and elsewhere. For example, DOE-2 has been used extensively both
in the development and impact assessment of the new version of the U.S. ASHRAE standard for
commercial buildings, and for the proposed U.S. ASHRAE standard for residences, lt has been used to
provide analysis support for state energy standards for California, New Mexico, a group of states in New
England, and the several-state region served by the Bonneville Power Administration in the northwestern
United States.

DOE-2's drawbacks relate either to its structureor to its user interface. Currently, DOE-2 LOADS
outputis for a fixed-zone temperature,a featureused to shortencalculationtime. SYSTEMS outputs,on
the other hand, includethe impacts of hourlychangesin zone temperaturethroughoutthe year. Thus,
SYSTEMS outputsmay beconsideredmoreaccurate,butthey alsoincludesystem-specificcharacteristics
that influencethe hourlycoilloads reportsin the DOE-2.1D. Thus, care mustbe taken inevaluatingboth
the LOADSand SYSTEMS outputsto ensurethatcompleteand appropriateloadsfactorsare included[7].

DOE-2's user interface was conceived and designed over a decade ago. Consequently, even with
some recent enhancements to its interface, it is awkward and difficult to use and provides many
opportunities for an unwary user to make significant errors. The DOE-2 program does not include
extensive error-checking routines, so the user must be careful to verify inputs. Other tools are available
that are much easier to use than DOE-2. Unfortunately, such tools also lack key energy simulation features
available in DOE-2.

First-time users (whoare already experiencedenergy analysts)should plan at least two monthsof
full-time effort simply to become reasonablycompetentin the use of DOE-2. If DOE-2 (or a similarly
complex analysistool) is beingusedto supportpolicy-relateddecisionmaking,the analystsshouldconsult
experienceduserson a review and consultationbasis.
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CHAPTER 3: WEATHER DATA

iNTRODUCTION

When the ASEAN-USAID BuildingsEnergyConservationProject began, there were no sets of weather
data that couldreadilybe used withthe selectedenergysimulationprogram. Insome instances,sufficient
data existed in disparate locationsand forms, and only needed to be compiled. In other cases,
fundamentalweatherdata collectioneffortswere necessary. Earlyinthe firstphaseof the projectin 1982,
a full year of hourlyweatherdata for Singaporewas assembledand put intoDOE-2 format. DuringPhase
2 ofthe project,considerableadditionaleffort went intogeneratingat leastone set of weatherdatafor each
participatingASEAN countrythat couldbe used withDOE-2 analyses. Today, new DOE-2 weather flies
existfor Bangkok(1985), Kuala Lumpur(1985), Manila (1983), Jakarta (1987), and Singapore(1979 and
1988)." See AppendixB for summaryweather statisticsof the weather data flies.

This chapterdescribesthe weather data sourcesandproceduresused to generate the appropriate
weather flies for each ASEAN country. The chapter ends with a discussionof the impacts of ASEAN
regionalweather conditionson energyconservationpotentials,strategies,and priorities.

WEATHER DATA OBTAINED FOR ASEAN LOCATIONS

The weathervariablesused byDOE-2 includethosefor temperature,humidity,wind,and solar,as follows:

• Temperature: Dry-bulbtemperature,wet-bulbtemperature,and groundtemperature.

• Wind: Speed and direction.

• Humidity: Humidityratio, densityof air, and specificenthalpy.

• Solar: Total" horizontal solar and total direct normal solar radiation, cloud type, cloud
amount, clearness number, and atmospheric turbidity.

Hourly values for the variables are needed, since DOE-2 performs a sequential hourly analysis for
each of the 8760 hours in a year. For the temperature, humidity, and wind variables, local data are usually
available for major cities from data collected at airports, etc. Sometimes such data are available only for
3-hour intervals. In such cases, DOE-2's weather processor will "fill in" the missing values.

Obtaining sufficiently accurate solar data from existing sources is often problematic. Solar radiation
is important to building energy use in ASEAN. In the absence of measured solar data, DOE-2 is equipped
with a model that estimates the global and direct solar radiation from cloud cover observations. Yet, the
existing cloud cover model was not considered sufficiently accurate for ASEAN conditions as it was
developed for continental U.S. conditions, based upon temperate conditions in the northwestern United
States. Because the ASEAN climate and sky conditions are very humid and have a higher level of diffuse
radiation, more precise measures of solar radiation are needed, as are more precise local solar data. If
this information is not readily available from existing sources of weather data, as is usually the case,
monitoring with appropriate instruments may be necessary.

t

Copiesof theASEANweatherfliesforDOE-2areavailableat LBL,aswellasfromanalystsineachASEANcountry.

"Total"and "global"areusedinterchangeablythroughoutthisvolume.
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A varietyof sourcesand procedureswere used in generatingthe variousweather files for ASEAN
locations.We brieflydescribe belowthe weatherdata sourcesfor ineach countryandthe data acquisition
and processingprocedures.

Status of Weather Data for Building Energy Simulation In ASEAN

Singapore:

In 1982, LBL and Singapore collaborated in transferringa copy of the DOE-2.1 computer code to
mainframe computersat boththe NationalUniversityof Singapore(NUS) andthe SingaporePublicWorks
Department. As part of thiseffort, a DOE-2 weather file was generated for Singapore for 1979. Hourly
solar insolationdata had been collectedfor the 1979 period at a weather monitoringstation installedat
NUS. Thesedata, whichincludeddata for both the globalanddiffuseradiationcomponents,were merged
withhourly1979 weatherdata forthe otherrequiredvariables,whichwereobtainedfrom the U.S. National
ClimaticData Center.

These 1979 data were used for various analysesfor Singaporeduringmost of the project. Later
in the project,data for 1988 were assembled,includingglobaland diffuse solardata collected at NUS for
the 1988 period. The 1988 data set has fewer missingsolardata values thanthe 1979 data set and has
been used for analyses conductedsince late 1989.

Indonesia:

Existingweather data for Jakartaand Bandung in Indonesiahad been collected andtabulated by
the Instituteof Technologyin Bandung (ITB). Hourlyweatherdata were obtainedforJakartaand Bandung
fromthe MeteorologicalInstituteof Jakarta. These data includedtemperature,windspeed, relativehumid-
ity, and global and diffusesolarradiation. Hourlyglobal direct solardata were availablefor both Jakarta
and Bandungfrom another Indonesiansource(LAPAN). However,diffuse solar data were availableonly
for Bandung. To obtainestimatesof diffuse solar radiationfor Jakarta within the time-frame needed for
the standards analysis, the ITB team correlatedthe global radiationcomponent to the diffuse radiation
component based onthe availableexistingBandungdata. Theythen appliedthiscorrelationto theJakarta
global solar data to generate a related set of diffusesolar data estimates for Jakarta. (see Volume II,
Chapter 5).

In addition, throughthisprojectthe ITBteam set up a weather monitoringstation(firsttested in Ban-
dung) in Jakarta to collect current weather information. This monitoring equipment measures ali the
variables needed for the annual energy simulationsof buildings on an hourly basis. The monitoring
equipment began operating in Jakarta in October, 1988. Due to some early equipment problems, a
completeyear of monitoredweather data was not developeduntilmid-1990. The monitoredweatherdata
providea soundbasisfor buildingenergyanalysisin Jakarta becausethey contain bothglobal anddiffuse
solar radiationdata measureddirectly in Jakarta.

Malaysia:

Aliweatherdata usedin the DOE-2.1C computerrunsforthe variousMalaysiananalysesare actual
hourly data recorded at Kuala Lumpur in 1985, except hourly solar data which were not available.
Measured 1979 solardata from nearbySingapore were mergedwith the other weather data from Kuala
Lumpurto create a composite weather file for DOE-2.
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The Philippines:

In April 1989, a DOE-2 weather file was developed for Manila using data for the year 1983. The
hourly tabulations of climate variables needed for DOE-2 (with the exception of solar data) were obtained
from the U.S. National Oceanographic and Atmospheric Administration (NOAA). These data had been
compiled at a military airport near Manila. Solar radiation data (both global and diffuse) collected in a
suburb of Manila for the 1983 period were also available from the Philippine National Radiation Center.

Thailand:

Hour-by-hour standard meteorological data, including global solar radiation, are available for major Thai
cities. These data date back at I=.astfive years for solar radiation, and longer for other data. To date,
however, weather data for DOE-2 have been prepared only for Bangkok. This is partly because total and
diffuse solar radiation data are available only for Bangkok.

Ali weather data used in the Overall Thermal Transmittance Value (OTTV) formulation and t_e
subsequent DOE-2 simulation are based on hourly weather records for Bangkok. Development of houdy
weather data for the other major cities of Thailand should not be difficult, since most weather data are
already available, and only the diffuse component of the solar radiation needs be obtained. This could be
done using standard correlation techniques using the global radiation and the sunshine hour records
already available for major cities.

Processing of the Collected Weather Data

Once obtained, the data were put into the appropriate formats for use by the DOE-2 program, and
the resulting weather files were reviewed for accuracy and reasonableness. This process required
considerable attention to detail. Missing or problematic data and unexpected format problems seem to be
the norm when generating weather data, rather than the exception. Thus, future project plans for
developing new weather files should allocate reasonable time and resources for resolving such problems.
For example, both the Philippine and Indonesian weather data required multiple iterations to achieve final
data sets.

ASEAN WEATHER CHARACTERISTICS

The typical ASEAN year-round hot and humid climate causes the energy consumption profiles of buildings
to be significantly different from the profiles of buildings located in temperate or cold climates. Considered
by itself, space cooling is the single largest consumer of energy in a typical ASEAN office building. Solar
heat gain is one of the two largest sources of heat gain to the building; the second is from lighting fixtures.
Another large heat gain is the combined sensible and latent load from ventilation air brought into the
building by warm moist outside air. The combined effect of these sources of heat gain account for the pre-
ponderance of the cooling load, which accounts for about 60% of the energy use in a typical ASEAN office
building.

Temperature and humidity

The measured average daily dry bulb temperatures for five ASEAN cities is presented in Figure 3-1.
The patterns of daily average temperature are fairly constant over the year. Also, temperatures are similar
for ali of the five locations examined, with Bangkok's temperatures being highest early in the year, and
Jakarta's temperatures being somewhat higher during the later part of the year, reflecting the monsoon
weather patterns in the region.
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Figure 3-2 shows monthly average relative humidity (RH) values for ali five locations at both 4 am
and 4 pm. Coupled with the previous temperature figure, this figure illustrates the high latent cooling-load
conditions prevailing throughout the region. Again, the cities show similar patterns, especially for early
morning RH, but some variations within the region are also noticeable. The daytime RH is more variable,
but generally is in the 60-70% range. Of the five locations, Singapore has the highest daytime RH, while
Jakarta tends to have the lowest.

Solar

Measured solar data for energy analysis is necessary because calculation routines for generating
solar data from available summary weather (e.g., percentage possible sunshine or cloud cover information)
were derived for temperate locations in the United States and were known to give inaccurate results for
the ASEAN region. For example, calculated solar radiation data was compared with measured solar
radiation data in Singapore, and they were found to be markedly different. This result was found for
ASEAN other locations as weil.

Figure 3-3 shows measured average daily solar radiation data for four ASEAN locations, depicting
both total horizontal (TH) and direct normal (DN)° figures by month.

For energy use of tall commercial buildings, the most relevant solar statisticis the solar radiation
impinging on vertical surfaces. Figures 3-4a through 3-4d present average daily solar radiation on vertical
surfaces for the four cardinal orientations for four ASEAN cities. For Singapore (3-4c), the average daily
total vertical solar radiation is about 600 Btu/_ for north and south orientations and about 30% more (800
Btu/ft2) for east and west. On an annual basis, there tends to be little difference in the annual totals falling
on north or south walls because these cities reside close to the equator. For example, Singapore and
Jakarta are located at 1.3° north latitude and 6.2° south latitude, respectively, while Manila and Bangkok
are slightly further away at 14.5° and 13.7° north latitude, respectively. However, in the region the seasonal
variation in the total direct solar radiation for north and south orientations is about 60%. The solar gains
for east and west orientations vary by about 30% over the year. Because of the frequent presence of
clouds and high humidity in the region, diffuse light makes up about two-thirds of total solar radiation. This
is apparent in Figure 3-5, which compares diffuse radiation as a percent of total radiation for vertical
surfaces for the four ASEAN cities.

These variations in diffuse light amounts throughout the region are of interest. Singapore
consistently has the highest proportion of diffuse light--in the 70% to 80% range. By contrast, both
Bangkok and Manila have diffuse light in the 55 to 65% range for several key orientations. Jakarta
experiences a very high percentage of diffuse light in the mornings, but a lower portion in the afternoons.
This is because Jakarta is quite hazy in the morning but clears in the afternoon.

DETERMINING THE SOLAR FACTOR FOR ASEAN LOCATIONS

Calculating an appropriate Solar Factor (SF) for vertical surfaces in each ASEAN location wasan important
consideration in determining requirements for the building envelope (i.e., the exterior walls and roof) portion
of the energy standards for buildings and for establishing a compliance procedure for meeting the building
envelope requirements.

The solar factor is the rate, averaged over a defined period of time in the day, at which solar
radiation, including both direct and diffuse radiation, is transmitted through clear, single-pane, verticalglass

Direct normal solar radiation is that which impinges on a plane perpendicularto the incidentdirectbeam rays.
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(expressed in W/m2). The average should be over ali hours during the year that the cooling system is
operating in order to best correlate with the load on the building (and thus the cooling energy requirements
of the building).

Using the hourly solar data available for each of four ASEAN locations (Kuala Lumpur used the solar
data from Penang which was not available in hourly intervals), standard procedures were used to compute
the solar factor averaged over different hours of the year.

Energy standards use the solar factor in combinationwith the shading coefficientof the building's
windowsto calculatethe radiativecontributionto overallheat transferthroughthe buildingenvelope. The
shadingcoefficient is definedas the fraction of solarradiationthatpasses throughthe windowsrelativeto
that transmittedbyclear 0.32 cm (1/8 inch)thick,single-pane,double-strengthsheet glass. Highershading
coefficients producegreater heat gains and increasedcoolingenergyuse. When the shadingcoefficient
is specified in the DOE-2.1 input, the program first calculatesthe solar heat gain usingtransmission
coefficientsfor clear,0.32 cm thick,single-panesheetglass. This solarheat gain is multipliedbythe value
of the shadingcoefficientto determine the resultantsolar heat gain. We used a typical value of 0.87 for
the fraction of incidentsolarradiationtransmittedthroughsuchglazingtoadjustthe incidentsolarradiation
in determiningthe solar factor.

Figure 3-6 shows the solar factor determinedby orientationfor the daily period of 0800 to 1800
hoursfor Bangkok,Jakarta, Manila, and Singapore. Bangkokand Manila show very similarmagnitudes
and patterns of solar factor by orientation, as they did for percent of diffuse radiation (Figure 3-5).
Singapore,whichhadthe highestpercentof diffuseradiation,hasgenerallythe lowestsolarfactor. Jakarta
has an even lowersolar factorfor the East-facingorientations,but a muchhighersolarfactor forthe North
and West orientations,again corroboratingthe typicaldaily patternsobservedin Figure 3-4b.

Figures3-7a and 3-7b showthe change in the solar factorwhen computedover five differenttime
periods for Bangkok and Jakarta, respectively. Over the time periods studied, there is about a 20%
variationin magnitudein Bangkokand a 15% variationin magnitudeinJakarta.

The solar factors thus determined were used in various studies to develop envelope thermal
performance criteria. This is discussed in further detail in Chapters 7 and 8, which describe the
developmentof buildingenvelopethermal performancecriteria.
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Figure 3-1. Temperatures in ASEAN Cities
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Figure 3-2. Relative Humidities in ASEAN Cities
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Figure 3-3. Measured Solar Radiation in ASEAN Cities
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Figure 3-4a. Solar Radiation on Vertical Surfaces in Bangkok
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Figure 3-4b. Solar Radiation on Vertical Surfaces in Jakarta
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Figure3-4c. SolarRadiationonVerticalSurfacesinSingapore
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Figure 3-4d. Solar Radiation on Vertical Surfaces in Manila
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Figure 3-5. Diffuse Solar Radiation as Percent of Total for
Vertical Surfaces (0800-1800 hours)
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Figure 3-6. Solar Factors for Vertical Surfaces (0800-1800 hrs)
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Figure 3-7a. Bangkok Solar Factor by Averaging Hours
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Figure 3-7b_ Jakarta Solar _actors by Averaging ttours
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CHAPTER 4: TYPICAL BUILDINGS

INTRODUCTION

The developmentof buildingdescriptionsthat reasonablyrepresentthe energy-relatedfeatures of the
buildingstock is criticalto producingan appropriateenergy standard. During Phase 2 of the ASEAN-
USAID project, detailed descriptionsof typicalbuildingswere producedfor the purpose of developing
criteriafor, and analyzingthe energyandeconomicimpactsof, energystandardsfor buildingsinMalaysia,
the Philippines,and Indonesia. We describebelowthe proceduresused byeachASEAN countryto define
typical buildingsfor later analysisusingcomputersimulationof the buildings'energy performance.

In ASEAN, the four predominantenergy-usingcommercialbuildingtypesare offices,hotels,retail
stores,and hospitals. Largeofficebuildings,which have the highestconstructionvolume,are considered
the principalenergy-usingbuildingcategory amongthe four, and analysesfor energystandardsin ali five
participating ASEAN countriesfocused primarilyon them. The Philippinesand Indonesia, however,
expandedtheir analyse_ to includehotelsas weil.

Ideally, these typical building descriptions"should be developeddirectly from data accumulated
throughactual, detailedsurveysand audits. Partialdata may existfrom previoussurveys,butusuallysuch
data is inconsistentor incompletefor energy standardsanalysis needs. The benefits of using actual
buildingdata are strongenoughthat, time and resourcespermitting,a specialeffort to survey a sample of
buildingsis desirable.

In the sections that follow,we describe the prototypicalbuildingsand how they were developed.
They are presentedinchronologicalordersince, to some degree, buildingprototypesdevelopedlaterwere
refinementsof earlierones.

SINGAPORE. TYPICAL LARGE OFFICE BUILDING (1984)

The firstreferencebuildingdescriptiondevelopedinthe ASEAN regionwas for Singapore. DuringPhase
1 of the ASEAN-US AID project, a Base Case large office buildingdescriptionwas developed. The
descriptionwas developed at LBL, using input from a group of knowledgeableSingaporean b:Jilding
professionals[8]. The buildinghas 10 stories and a square floor plan. Basic data about the physical
parametersof this buildingprototypeis given in Table 4-1.

The base case referencebuildingwas used in a parametricanalysis of energy use conductedin
1983-1984. Furthermore,thissame base case buildingdescriptionhas been usedfor analysesbyvarious
analystssince 1984 [9,10].

MALAYSIA -TYPICAL LARGE OFFICE BUILDING (1987)

The "base case" buildingwas intendedte _:fi_ct a typical range of constructionand energyuse features
prevalentin Malaysiannew commercialofficebuildingconstruction. In 1986, when the standardsanalysis
work began for Malaysia, substantialdata bases ot Malaysianbuildingcharacteristicsand energy use did
not exist. Some data existed in a report summarizingthe results of energy audits for 15 Malaysian

"Here"typical',"prototypical","reference"or"basecase'arealiusedinterchangeably.
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buildings[11]. Unfortunately,the level of detail presentedin that documentwas not sufficientto create a
detailedbuildingdescriptionneeded for the analyses conductedhere. Another reportbased on energy
auditsof four buildingsgave sufficientdetail,but constituteda small data set [12].

This lack of data restrictedthe scopeof the effortto developprototypicalbuildingsfor Malaysia. In
the absence of such data bases, a =reference= buildingapproach was used that relied primarilyon
professionaljudgment. One key resourcefor thiswas the Singaporereferencebuilding[8]. Since lt was
assumed that constructionpracticesin Kuala Lumpur were similar to those in nearby Singapore,the
Singaporereference buildingwas usedas a startingpointfor thedevelopmentof the Malaysianreference
building.Modificationsweremadeto the buildingdescriptionto reflectcontemporaryconstructionpractices
in Malaysia. A completedescriptionof the changes to derive a Malaysianreference buildingfrom the
Singaporereference buildingis reportedelsewhere[13]. The Malaysianreference buildinghas the same
10 stories,floor size and square floor plan as the Singaporereference building. Basic data about the
physicalparametersis given in the secondcolumnof Table 4-1.

Standards Case

Once the Malaysianbase case buildingwas defined,modificationswere made sothat the building
wouldcomplywith the requirementsof the proposed Malaysianenergy efficiency standards. The base
case, modifiedto meet the standard,is called the =standardscase=building.The improvementin energy
efficiencyoverthe base caserepresentsthe overallimpactof the proposedenergystandardon largeoffice
buildings.

Energy-Intensive and Energy-Efficient Cases

Estimatedvalues for buildingcharacteristicswere also developedusingprofessionaljudgmentfor
the energy-intensiveand energy-efficientMalaysiancases. Together,these were thought to providean
estimate of variationin energy use of the basecase. They were not intendedto represent the full range
of variationat the extremes, but rather some reasonable intermediatelevels of poor _nd good energy
design.

Cost Estimates

Constructioncost estimateswere developed for key buildingparameters that changed from the
aboveillustrativecases. As withthe buildingcharacteristics,these costdata were based on professional
judgmentdrawn from conversationswith Malaysianbuildingdesignprofessionals[13]. The construction
costdata was used in conjunctionwithelectricitycoststo estimatethe cost-effectivenessof the proposed
energystandard relativeto the basecase and other cases (see Chapter5).

THE PHILIPPINES -TYPICAL BUILDINGS (1989)

The process of developinga typicalbase case large officebuildingdescriptionfor the Philippines
departed from the earlier Singaporeanand Malaysianefforts. The Philippineseffort benefittedfrom the
existence of a detailed database of buildingcharacteristicsand energy use. This permitted the use of
statisticalproceduresto produce not only the base case buildingcharacteristics,but also the energy-
intensiveand energy-efficient illustrativecases.

As part ofthe ASEAN-USAID BuildingsEnergy ConservationProject,the Philippineprojectteam had
justcompletedenergysurveysfor52 existingPhilippinecommercialbuildings:26 office buildings,9 hotels,
8 shoppingcomplexes,and 9 hospitals. In the surveys, informationwas obtainedfirstfrom utilitybillsand
building"as-built"plans. Interviewswith buildingpersonneland visualinspectionof the buildingfacilities
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were then made to become familiar with buildingoperations andto note if therewere differencesbetween
the existing conditionsand 'as-built" plans. Survey forms were developed and used by the team to
facilitatedata gathering.

In a few of the surveyed buildings, detailed energy audits were conducted in which tests,
measurements, and evaluations were made to determine the amount of energy used by each
energy-consumingsystem in the building. The auditors were equipped with portable measuring and
monitoringinstruments,whichthey used to assessthe energy efficienciesof the majorenergy-consuming
equipment.

Philippine Typical Large Office Building

The detaileddata on 26 Philippineoffice buildingsprovideda reasonablesample of the Philippine
office buildingstock. To developthe base case office buildingdescription,statisticalanalyseswere done
for each key energy-relatedbuildingvariable.• Specifically,boththe average and the standarddeviation
values were calculated. For each variable,the statisticalmean was used as the value for the base case
building,and the standarddeviationwas used to set the values for the energy-intensiveand the energy-
efficientcases. Sinceone standarddeviationuniton either side of the mean encompassesabout 2/3rdf,
of the populationofa normally-distributedsample,thisprocedureallowedthe determinationof a reasonable
range of variationin buildingvariables relativeto the sample buildings.

Thus,the Philippineanalysisconstitutesa majorrefinementof the Malaysianprocedure,whichused
the energy-intensiveandenergy-efficientbuildingcasesto estimatethe dispersionof buildingenergyuses
inthe buildingstock. The Malaysianbuildingdescriptionshad been developedon a professionaljudgment
basis, in the absence of an extensiveand detaileddatabase.

The Philippinelarge office differsfrom the Singaporeand Malaysia reference buildingsin several
key areas, for example:

• Shape: Rectangular,comparedwith squareshape.

• Floorsize: 1565 m=per floor,comparedwith 625 m=.

• Externalshading: Overhangsof 1 m depth, comparedwith none.

• LightingPower: 17.2 W/m=, versuswith 20 W/m=.

lt was not knownat the beginnin_of thisprocessif the illustrativebuildingcases, defined usingthe
meansand standarddeviationsof the majorenergy-relatedbuildingcharacteristics,wouldproducebuilding
cases withcorrespondingenergy use dispersion. In fact, a comparisonof annualenergy resultsfor these
cases simulatedusingDOE-2 withthe distributionof annualenergyconsumptiondrawnfromutilitybillsfor
the sample of 26 Philippineoffice buildingsconfirmedthat thisapproachwas appropriate(at least for this
sample). This comparisonis shownin Figure 4-1. The DOE-2-based energy resultsfor the Base Case
office buildingwith average buildingcharacteristicsalso has a simulatedannual energy use that is very
close to the average of actual utilitybills. Likewise,the energyresultsfor the intensiveand efficientcases
fall close to the standarddeviation of energyuse determined from utilitybillsfor the sample of buildings.

Statistics were calculated following the removal of any *outJiers"fromthe sample. There was notsufficienttime orresources
to determinewhetherthe outlawrieswere dueto actuaJunusualcircumstancesof the building,orsimplyerrors. In any case,
for a givenvariable,there were typicallyonly one or two outlawrieseliminated.
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Philippine Typical Large Hotel

In developing the prototypicalPhilippine hotel building description,a typical Thai hotel building
description[15]was adapted usingthe detaileddata availablefrom the surveyof 9 Philippinehotels. The
procedure,sused to developvalues for each buildingvariableare the same as thosedescribedabove for
the Philippinelarge office building.

INDONESIA- TYPICAL BUILDINGS (1989)

In the absence of a database on buildingenergy use characteristicslike the Philippines,Indonesia
developedits typicalbuildingdescriptionsusinga varietyof informationsources,bothfromwithinIndonesia
as wellas from ASEAN. FromIndonesia,a databaseof ninecommercialbuildingssurveyedinJakartaand
Surabaya provided some useful, concrete, informationon general building characteristics. A set of
approximately100 photographsof buildingfacades gatheredin an informalsurvey in Jakarta was helpful
in defining typical buildingenvelope characteristics. Finally, a number of Indonesianbuildingdesign
professionalsprovidedinputon the key characteristicsof buildingenvelope, lighting,and air-conditioning
sub-systems.

From ASEAN, by the time that the typical Indonesianbuildingdescriptionswere beingdeveloped,
informationfrom auditsof 117 commercialbuildingsthroughoutASEAN had been collectedintoa database
[16]. Coupledwiththe aforementionedinformationsources,these data were usedto fillout the profilesof
typical Indonesianbuildings.

In all, four typical buildingdescriptionswerecreated: a largeandsmall office,and a largeandsmall
hotel. Smalloffices andhotelsweredeemedto be importantenergy-usingbuildingtypes inthe Indonesian
buildingstock. The descriptionswere preparedinsufficientdetailto permitthe generationof DOE-2 input
files for ali four buildingtypes. However, DOE-2 input files were created only for the large and small
offices. Figure4-2 depictsthesimulatedenergyperformanceof the resultantfourillustrativecasesfor large
Indonesianoffices amongstthe availablesampleof electricitybillsfrom suchbuildingsthroughoutASEAN.

Costs Estimates

For large officebuildingsin Indonesia,constructioncost estimateswere developedfor some of the
keybuildingcomponents.Forexample,constructioncostestimatesweredevelopedforvarioustypicaloffice
buildinglightingsystem configurations,which showedthat a strategyto achieve installedlightingpower
reductionsof closeto 50% wouldnotappreciablyincreasefirstcost,thereby payingitselfbackwithina few
weeks. The lightingsystem configurationsanalyzed and their respectivecosts are shownin Table 4-2.

THAILAND . TYPICAL LARGE OFFICE BUILDINGS (1989)

Typical building descriptions of Thai commercial buildings were developed by Thai analysts using
professionaljudgement guided by data from recent surveysof buildingsin that country. By late 1989,
energyaudits had been conductedin over Thai 50 commercialbuildings. Althoughnot ali the auditdata
were available,northeiraccuracyverified,some of the availableinformationwas sufficientlycompleteand
accurateto be used inthe creationoftypical buildingdescriptionsandthe definitionof requirementsforthe
proposedThai energy standard.
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For the standards-relatedassessments in Thailand, a single typical office building case was
developed[17]" This typical15-storybuildingdescriptionwas usedprimarilyto performbuildingenvelope
parametricanalyses. While the buildingwas developed to be representativeof current Thai construction
practices,it incorporatesseveralkey valuesthat are incompliancewith theproposedThai energystandard.
Variations to representeither higheror lower levelsof energyconsumptionwere not undertaken.

In the developmentof the Thai envelopestandard,two envelopeconfigurationswere appliedto the
typical officebuilding. One envelopedesign resemblestraditionalThai design using overhangsfor sun
shading. The otheremploysa curtainwall design,reflectinga trendincurrentdesignpractice inThailand.
Bothenvelopedesignscan be used to exhibitnot onlythe processesassociatedwith an OTI'V evaluation
and envelope performance, but also the benefits of management options such as daylightingor use of
thermalenergystorage. The followingcharacteristicsof the Thai typicalofficeare noteworthily,in addition
to those listed in Table 4-1:

Air-conditioning:

Accountsforthe mostsignificantproportionoftotalelectricityconsumption,at between 50-60%. The
average power required for air-conditioningranges from 25 to 45 W/m2. In large buildings,centrifugal
chillen_are almo.stalways used, with typical operational COPs of 3.5. Based on this information,the
reference buildinguses a constant air volume,constant water volumesystem. Interior temperaturesfor
most office buildingsare inthe range of 24-26°C. For hospitals,temperaturesare ina similarrange, but
in hotels, the temperatures are usuallyset at 21-22°C.

Lighting:

Ranks secondintotal buildingelectricityconsumption,at 10-30%. The average power requin:_ for
lightingranges from 7.5 to 15 W/rh2. As a rule, fluorescentbulbs are used for illuminationin offices and
in hospitals. Compact fluorescentsare beginningto be used insteadof incandescent in many hotels.
Interior illuminationlevelsfor most office buildings are about 400 lux.

Building Envelope:

Local Thai architecturalpractice tendsto use shadingdevices and takes advantage of daylightfor
areasclose towindows. Buta highpercentageof buildings,eitherjustoccupiedor nowunder construction,
feature a curtain wall design on at least part of the building. Typical wall construction is (concrete)
plastered brickwork,but concrete blocksare more often used in new buildings. Singlewindowglazing is
typical.

Electrical and Miscellaneous Equipment:

Little is used in offices,typicallyaveraging below 2 W/rr_.

i, ,i

ThreeotherprototypicaiThaibuildingdescriptions,forI_rgeoffices,hotels,andretailbuildings,weredevelopedindependently
[15].WhilethesetypicalbuildingdescriplJonswerenotusedaspartoftheanalysesinsupportoftheThaienergystandards,
theyprovidea valuableadditionalinformationsource,especiallytheextensiveparametricanalysesconductedonthese
buildings.SeeChapter6 inVolumeII.
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Medium.speed Elevators:

Arecommonly used. Capacityranges from 8 to 14 persons/car. Ali buildings have a water storage
tank on top for storageof pipedwater, whichis pumpedfrom the supplymain.

The construction and the other physical characteristics of the reference building follow those
prevalent in the buildingsin Bangkok. The lightingpower takes on the values recommendedin the
standards. Buildingequipment and air-conditioningsystem descriptionsemulate typical buildingsin
Bangkok. The schedulesfollow those for an office building,beingused only in the daytime, 5+ days a
week, with Saturdayschedulestaken from the morningscheduleof a normalweekday.
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Figure 4-1. Comparison of Large Office Illustrative Cases with
Office Building Survey Sample in Philippines
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Figure 4-2. Comparison of Indonesian Large Office Illustrative
Cases with ASEAN Offices
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TABLE 4-1. ASEAN LARGE OFFICE REFERENCE BUILDINGS CHARACTERISTICS

I I IBASECASELARGEOFFICEBUCDINGSI!
I II '*'='Y=' hdo.-.,.II
I ... [1983] II [1986] [1989] [1989] I I [19,]

SOURCEOFDATA ...... i" Judgm_tJ[ _ DataBase Judgmontlj" ABuilding
/]ulldlng No Floom 10.0J 10.0 10.0 10.0 15.0
Type Net Cond: _ 5200 5200 11350 11350 20160

620o

M2/FIr: Grom 620 620 1565 1565

Square Square Rectangular Rectangular Rectangular
,_ RaUo 1 to 1 1 to 1 2to 1 2to 1 2.5to 1 @

.... Orientation ...... N-E-S-W N-E-S-W . Longside E-W Longside E-W Longside N-S

s_,r Ab= 0.45 0.451 0.6sI 0.651 0.30
M,.,, k_.m. 2_I 2471 24;,I
_.r_b' • CriB I l_'_k & lath CHB I Brickl _-& _1

i

-. I o.o, o.,o_ml_ Built-up .

WIn¢lowl wWR 0.44 0.40 0.49 0.50 T_ower@ 0.4
8C , 0.47 0.69 0.88 0.69 0.63

Glass Type 2-pane, tint 1-pane, tint 1-pane, clear 1-pane, clear 1-pane, tinted
U-Value W/Ir,q.m..deg C 3.20 5.79 4.59 4.59 5.81

Ext _ None None Overhang Overhang Overhang
Hodzonlal depth,meters 1.00 1.00 1.20

VKUcal ,depth,meters

Occup. Density sq.mJparson 12.4 12.4 12.4 10.0

MF-Start people[fans] 800 [600] 800 [600] 730 [600] 730 800
(No ,.Run, MF-Stop people [fans] 1700 [1700] 1700 [1700] 1700 (1700] 1700 1700
Operat'n) 8al-Blatt people[fans] 800 [600] 800 [600] 800 [600] 800

Sat-Stop people [fans] . 1200 [1200] _ 1200 [1200] 1..300[1200] 1300

Ughtlng . Imllalled Power '"WlsqJ11, 20.0 21.0 ' 17.2 15.9 18.4
Illuminance " !ux,design • 500 500 400

Conditlons Inflll_tlon air change/hour 0.60 1.00 1.00 1.0....... SP1" deg C 23.3J 24.0 23.3 24.0 25.0

'VAC Syst Type VAV VAV CV/SZ CV/Sz CV/Sz

Equipmenlt Plant CCh CCh CCh CCh CCh
COP 4.50 4.10 3.80 3.80 4.50
Capacity tons Auto-sized Auto-sized Auto-sized Auto-sized Auto-sized

Cond type CIg T_ CIgTwr CIg Twr Air-Cooled CIg Twr
Static Pressure 4.5 4.5 4.5 4.5
Fan Type FonNardcurved
PAInAir Flow Rate 0.5

Fan.,Alr Row Control Inletvane
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TABLE4-2:
INDONESIANOFFICELIGHTINGSYSTEMCALCULATIONS

SPEClFI(ATIONS: OPTIONS ....
il i ,, ,,,H ill i i , ii i , i i,, i , ,, ,,,,,, ....,., i i= i i,, i i i

LAMPS
watts Color/Type................... ;bNfl cosTi iii ii

1 40 Color# 54/RS 4.000
36 Color# 54 3.200
36 Color# 80 11.000

2 32 Color# 80/HF 14.000
3 40 Color# 80 3.500.

--DIFFUSER ..... ,.... ......
FLoorArea per"Fixture DiffuserType . IUNIT cost

1 5.76 m2, OR 2,4M X 2.4M PRISMATIC 105.000
2 7.68 m2 MirrorOptic M1 129.500
3 7,68 m2 MirrorOpticM5 151.500

, i ......

BALLAST
............................ U.T'COST

i

1 10 W STANDARDballast 4.250
21 5 W ENERGY EFFICIENTballast 8.500
3_ 3.5 W VERY ENERGY EFFICI_ENTballast 50.000

, , ,li

C,,ALCULATIONS ........

" BASE ENERGY sTANDARDS STANDARDS ENERGY
CASE INTENSIVE CASE ALT EFFICIENT

LAMP (W) ' 36 40 ...... 36 ' " 36 " 32
TYPE # 54 # 54 # 80 # 54 # 80
No. Lamps 2 3 2 2 2
DIFFUSER Prismatic Prismatic M1 Prismatic M1
Area/Fixture 5.76 7.68 7.68 5.76 7.68
BALLAST 10 10 5 5 3.5
No, Ballasts 2 3 2! 2 2
W/m2 15.9 19.5 ' 10.6 14.2 9.2.,

Unit Cost/Sq.M. 25.000 24.000 25.000 27.000 36.000
,i

Note: Dataprovidedby lr. Herman Endro,1989,
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CHAPTER 5: ENERGY AND ECONOMIC ANALYSIS OF STANDARDS

INTRODUCTION

Energy analyses in support of building energy standardsdevelopmentwere conductedby eachparticipating
country in the ASEAN-USAID project. Formal economiccost-effectivenessanalyses have also been
undertaken intwo countriesand were begunfor a thirdcountry. In thischapter,we summarize both the
methodsused and the resultsobtainedfrom these analyses.

EnergystandardsdevelopedforcommercialbuildingsinASEAN emphasizedthe potentialfor energy
savingsover otherpossibleobjectivessuchas peak electricaldemand savings,or cost-effectiveness. As
such, energy analyseswere used to assessthe energyimpact of measures that would be covered in the
standard, which in rum aided in establishing target minimum compliance levels for the standards.
Economic analyses were used to verifythat compliancewiththe standardwas cost-effective. Information
gathered inthe courseof conductingenergyand economicanalysis providesvaluablematerialfor inclusion
in guidebooksfor standards compliance or for other types of programs aimed at increasing energy
efficiency in buildings. Finally, the resultsof energy analysescould help to focus future research and
development.

Energy analyses reported on here focus on specific issues and technologies related to the
developmentof standards in ASEAN, particularlyforthe buildingenvelope. This emphasison the building
envelope stems from a combination of technical and historical reasons, including Singapore's early
emphasison a buildingenvelopeoverallthermaltransmittancevalue (OTI'V). We shallsee insubsequent
chaptersof thisvolumethat,withinthe variousASEAN standardsefforts,considerableattention has been
paid to the formatand stringencyof building envelope requirementsfor standards. This is partly because
proper requirementsare dependent upon an analysis using local weather data, and such data had only
recently become available. Comparable analyses using local weather data could have been used to
develop requirementsfor either lightingor air-conditioning,but were not eventhoughthese systemscan,
independently,producecost-effectiveenergy reductionsof greater magnitudethan those of the building
envelope. More intensive technical and economic analyses outside of this scope are presented in
Volumes II and III of thisseries.

TECHNICAL ANALYSIS

Establishingthe basisfor analysis, intermsof energy simulationtools,climatedata, andtypicalbuildings,
has been discussedinthe precedingchapters. Once these elements have been established,conducting
the energy and economic analyses is relativelystraightforward. The key stepsare as follows:

Energy analysis:

• Prepare DOE-2 inputfiles

• Prepare annual energy simulations

• Check for errors and reasonableness

• Performspecial parametric analyses, such as on key building envelope or air-conditioning
systems
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Economic analysis:

• Estimateconstructioncostsof parameterchanges

• Calculate energy cost Impact of parameter changes

• Assesseconomiccost-effectiveness

In the previouschapter, we discussedthe use of Illustrativecases (i.e., base, standards,energy-
intensive,and energy efficient cases) to present a reasonablespectrumof energy use characteristicsof
a country'sbuildingstock. Comparingthe base case withthe standardscase providesan estimateof the
energy impact of the standard. This comparisonis shownin Table 5.1, along with the energy savings
comparingsome of the otherillustrativecases witheach other."Alisavingsare estimatesbasedon energy
simulation,rather than measuredsavings.

As the table indicates,energy standardscan save both energy and the need for substantially
increasedelectricity-generatingcapacityto serve buildings.This can enableexistingelectricalgenerating
capacity to absorbfuture growthin demand andthus allowfor someof the "freed' developmentcapitalto
flowto other productivesectors.

To assess economiccost-effectiveness,the constructioncost changes were compared with the
changes in energy costs. An economicanalysiswas conductedfor mostenergy strategiesexaminedin
theanalysisfor the Malaysianstandard[13]. The overallsimplepaybackwas 1.6 yearsfor changingfrom
the base case efficiency level to that of the proposedstandard.

EXTENSIONS OF ENERGY AND ECONOMIC ANALYSIS FOR STANDARDS

Energy and economic analysis in support of standardsfor buildings can be extended beyond the
applicationscited here. More detailedparametricanalysiscan be done of the key requirementsin each
sectionof the proposedstandard(plusadditionalmeasuresthatmightbeunderconsideration).The results
obtainedfor individualbuildingscouldbetransformedto the sectorallevel,allowingenergysavingsfor the
entire buildingstockto be estimated,based upon buildingtype mix, growthrates, etc. Crude estimates
of these sectoralimpactsfrom proposedASEAN standardsare presentedin Table 5-2. These estimates
could be improved by disaggregatingthe savings by buildingtype, by using more precise floor space
growth estimates(alsodistinguishedbybuildingtype),and byaccountingfor the effectivenessof obtaining
compliancewiththe energystandard. With the abilityto analyzesectorallevel impacts,one couldanalyze
the overall savingsfrom applyingthe standardindifferentways. For instance,the impactsfrom applying
the standardto new and/orexistingbuildingscouldbe compared. One couldalsoassesswhether bestto
promulgatethe standardas voluntary,mandatory, by offeringfinancial incentives,or some combination.

Giventhat energystandardswouldlikelyhave impacts(beneficialor otherwise)on differententities
in society, economicanalysiscouldbe conductedfor a variety of perspectivesbeyondthat of the building
owner presented here. Such analyses might investigatethe economic impact on the electric utilitiesor
other major energy providersto the buildingsector,or on society as a whole. In fact, energystandards
couldbe formulatedto maximizecost-effectivenessfrom one of more of these perspectives,dependingon
howstandards fit intothe overall energyconservationpolicycontext.

Singapore and Thailand cii0not produceIllustrativecases such as "energy-intensive"or •energy-efficient"in their analyses
of the energy impactof standards. Hence, these comparisonsdo not appear in Table 5-1.
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Such informationwould further improve the informationbase needed for sounddecision-makingon
improvingenergy efficiency for buildings.
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TABLE 5-1. Relative Energy Savings of Illustrative Office Building Cases

Case Singapore Malaysia Philippines Thailand Indonesia

From intensiveto Base: 31% 28% 33%

From Base to _tandards: -20% 18% 21% 23%* 24%

From Intensiveto Standards: 43% 43% 51%

From Standardsto Efficient: 28% 13% 17%

From Intensiveto Efficient: 59% 51% 58%

* Note that savingsfrom compliancewiththe proposedstandardin Thailandwere estimatedfor
hotelsand shoppingcenters to 3e 35% and 42%, respectivaly.

5-4





CHAPTER 6: CONTENT OF ASEAN ENERGY STANDARDS

°NTRODUCTION

As described in the previous chapter, for a number of historicaland technical reasons the ASEAN
standards development efforts have concentratedon improved methods and criteria for the building
envelope. However, the buildingenvelope is just one aspect of buildingenergy efficiencystandards.
Indeed, in a large ASEAN officebuilding,the envelope by itselfaccounts for perhaps only 15% of total
buildingenergy use. Treatment of the buildingenvelope is discussedin detailin subsequentchapters.

Inthischapterwe summarizethe requirementsforthe keyenergy-relatedbuildingsystemsthat have
been includedin the ASEAN efficiencystandards. The standardsfor the various ASEAN countriesali
containsimilar provisions,with some variationin both formatand stringency, in general, the Malaysian
standard(1986) is the shortestand simplest. The Thai, Philippine,and Indonesianstandardsare ali quite
similar to one another, with differences mainly in stringency levels, and minor ones in format. The
Philippinestandardprobablyhas more detailinthe air-conditioningsystemsand equipmentsectionsthan
the otherASEAN standards.

To a large extent, ali of the energy standardsdevelopedin Phase 2 of the ASEAN-US/-,IDproject
stemfrom the Draft EnergyStandardfor Thailandpreparedin 1987. We willuse the Thai standardas the
basis for most discussionin this chapter. The followingare the major buildingelements for which
requirementsare listed in that standard:

• BuildingEnvelope
• Electric Powerand Distribution
• Lighting
• Air-conditioningSystemsand Equipment

There is considerablepotentialfor energyconservationin each of these components. Moreover,
there is furtherconservationpotentialfrom downsizingair-conditioningequipmentin responseto reduced
air-conditioningloads as a resultof improvedenergy efficiencyof the buildingenvelope and the lighting.
Each of these latter three elementsof the ASEAN energy standardsis discussedin turn below.

ELECTRIC POWER AND DISTRIBUTION

This is a relativelynew section in buildingenergyefficiencystandardsin general, for none of the
requirementscitedhere appear inthe firsttwo generationsof ASHRAE standards,for example. There are
three important types of requirementsin thissection:

• Check metering
• Transformerefficiency
• Electric motorefficiencyand sizing
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Check Metering

This is defined as measurementinstrumentationfor the supplementarymonitoringof energyconsumption
to isolate various categoriesof energy use to permit conservationand control. Check metering is in
additionto therevenue meteringfurnishedbythe utility.The generalrequirementisthat for largerbuildings
(electricservice over 250 KVA), the capability for checkmetering be includedin the buildingdesign,and
that the feeders containthe capabilityfor either portableor permanentsub-metering. The metersdo not
need to be installed,but the capabilityto installthem in the future must be provided. This is considered
an important provision, lt is very low cost because the equipment does not need to be installed
immediately;the criteriasimplyrequiresthoughtfuldesignof the system. However,it willgreatlyfacilitate
the futureassessmentof a building'senergyperformance. A key provisionof this requirementin the Thai
standard is that the electrical feeders be subdividedto permit separate metering of 1) lightingand
receptacleloads,and 2) air-conditioningsystemsand equipment. Thisis somewhatsimplerthan the most
recent ASHRAE requirements,which also call for a third category that includesservice water heating,
elevators,and other specialoccupantequipment.

Transformers

The requirementhere is simpleandsomewhatlimited. For largertransformercapacities(combined
largerthan 300 KVA), a calculationof transformerefficiencymustbe made. The intentof this requirement
is simply to encourage evaluation of transformer efficiencies(which are often simply not assessed).
However,there is no requirementthat any actionbe taken as a resultof the calculation(althoughone might
expect such a requirementin later generationsof the standard).

Motors

There are two separate motor requirements:1) minimummotor efficienciesare specified,and 2)
motoroversizingis limitedto 125% of the calculatedload.

Specified motor efficienciesfor three ASEAN countriesare listed in Table 6-1: the Philippines,
Thailand, and Indonesia. The Thai and Indonesianrequirementsare quite s'imilar,while the Philippine
requirements are more stringent for smaller motors. Early drafts of the ASHRAE/IES 90.1-1989
requirementswere the source for the variousASE.ANrequirements,and Table 6-1 permitsa comparison.
As can be seen in Table 6-1, the presentationof motor efficiency requirementsin the various ASEAN
standards is somewhatsimplisticcomparedwith the presentationin ASHRAE/IES 90.1-1989. In these
latter versions,a future more stringentset of efficiencylevels is set for 1992, and there is discussionof
recommended(butnot required)higherefficiencylevelsreflectingthe economicsof increasedhoursof use
per day.

In ali cases, the minimum requirementsappear to be conservative,for they have been selected
assumingabout 3 hoursof motor operation per day -- a low number. Since hours of operation is an
important factor in assessingcost-effectiveness,higherefficienciesbecome relativelymore cost-effective
as hoursof operationincrease,as can beseenfromthe efficiencieslistedinthe right-mostcolumnof Table
6-1.

LIGHTING

Lighting is an important energy end use in commercial buildings. For example, in office buildings,
lighting may account for about 20% of total energy use, but the impact of the heat from lighting on air-
conditioning loads is significant, so that total energy from lighting is about 30% of total. In large retail
facilities, lighting energy use combined with its impact on cooling can represent the largest building energy
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load. Thereare twoimportanttypesof lightingrequirementsspecifiedinthevariousASEANstandards:

• Lightingpower
• Lightingcontrols

Ingeneral,thevariousASEANefficiencystandardsemphasizepowerrequirementsmuchmorethan
lightingcontrols.Thiswasprobablyappropriatewhenthestandardswerefirstdrafted.However,lighting
controlsare one of the mostrapidlyevolvingtechnologiesfor buildings,dueto the rapidadvancesin
microprocessingelectronics.Bytheearly1990s,lightingcontrolsrepresentan increasinglyimportantand
cost-effectivemeansof attainingconsiderableenergyconservation,withlittleor nocompromiseinlighting
quality. Indeed,lightingqualitymay improve. Forexample,a recentstudyfor a utilityin California
indicatedthat the installationof a combinationof four types of lightingcontrols(daylight,lumen
maintenance,occupancysensors,timers)resultedina50%to70%reductioninlightingenergyusage,with
a two-yearpayback.The mainbarriertotheirwidespreaduse isthattheyarea newtechnologywithout
a longtrackrecord.

LlghtlngPower

Mostlightingrequirementsplacea limitontheamountofinstalledlightingcapacitythatcanbe used.
Forthebuildinginteriorspaces,thisisusuallyexpressedintermsofa limitonthewattsof lightinginstalled
per unitoffloorarea.

Inthe late1980sinASEAN,lightinginstalledcapacityfor largeofficeswasintherangeof 20 to 25
wattspersquaremeter.Forretailfacilities,thewattagecouldgetas highas 60 ormorewattspersquare
meterfor lightingpoweralone. Incontrast,thedraftThailandstandardrecommends16 wattspersquare
meterforofficesand 22 to 23 wattspersquaremeterforretail.

Table 6-2 comparesthe lightingpower limitsfor variousspacefunctionsfrom severalASEAN
standardsandalsofortheprescriptiverequirementsofASHRAE/IES90.1-1989.The recommendedvalues
for lightingpowervaryfromcountryto countrylargelyas a resultof the technicalreviewprocessineach
country. Forexample,the initialvaluein Malaysiaforofficeswas 18 watts/m2,butthisvaluewaslater
adjustedupwardto 20 watts/rh2 bythe Malaysianreviewcommittee. In 1989, the valuesrecommended
inthe Philippinesand Indonesiawere 18 watts/rn"and15 watts/m2,respectively.

The lightingpowerrequirementsusedinthe variousASEANstandardsweredevelopedlargelyby
professionaljudgmentbasedupongeneralknowledgeof currentlightingdesignpractice. A surveyof
installedlightingpower was conductedfor severalhundredbuildingsin Singapore(see VolumellI,
AppendixH),confirmingthattherequirementsselectedforthe standardswere reasonablyrepresentative
of currentpracticeinSingapore.

In general,recentlightingpracticeinthe ASEANregionhasbeen moreenergy-efficient(i.e., lower
installedpower)thanthatinthe US. Thishasnotbeensomuchbecausemoreefficientequipmentisused,
but ratherbecauselowerilluminationlevelsare typicallyspecifiedin ASEANthan inthe US. Lighting
practiceintheASEANregionsternsmorefromEnglishpracticethanfromUSpractice,andthe Englishdid
not raiseilluminationcriteriaas muchas the USwhenfluorescentscameintowidespreaduse.

The lowerwatts/m2are ingeneralattainedbytheuseof combinationsof moreefficientlamps(say
32-wattor36-wattinsteadof40-wattlamps),moreefficientballasts(2-wattelectronicor5-wattefficientcore
ballastsinsteadof 10-wattstandardcore ballasts),and more efficientfixtures. In some cases, the
combinationsproducemoreefficientlightingsystemsat a lowercostthanthe lessefficientsystems.

Forofficespaces,the requirementsset in the standardare relativelyeasy to attainat a design
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illuminanceof,say 500 lux, and the premium in first cost for the more efficient lighting system can be small
or even negative. If credit is taken for the reduction in air-conditioning capacity due to the reduced waste
heat given off from the more efficient lighting system, then the cost premium is further decreased.

Lighting Controls

Once reasonably stringent lighting power requirements are in effect, then the most promising area
for reductions in lighting energy are controls, which can substantially reduce the amount that the installed
capacity is used over time. For example, a combination of daylighting, lumen maintenance, and occupancy
sensor controls can easily eliminate the use of over 1/2 of the installed power. That means that an installed
power of 15 watt/m2 could effectively be 7.5 watts/m2 or less.

The lighting controls requirements are limited to a short list, including specification of a minimum
number of controls, basic controls for exterior lighting, requirements for hotel room master switches, and
a general requirement for daylighting controls when daylighting is available. Very little credit is given for
the use of more advanced controls.

Like electric distribution system requirements, the lighting control requirements are new to
commercial building standards. This is because many lighting controls have only recently become highly
cost-effective as a result of rapid advances in microprocessors. The lighting control requirements specified
in the ASEAN standards are quite conservative and could be easily strengthened. This is especially true
given the continued rapid advances in electronic circuitry and the parallel lowering of lighting control costs.

A compelling case can be made for an integrated requirement combining lighting power and controls
together, thus offering flexible tradeoffs among a number of power and control options. Even more
advantageous would be the development of a comprehensive lighting system performance energy
requirement that includes both lighting power, and its use over time.

AIR-CONDITIONING

In the tropics,energy use for air-conditioningcan be the mostsignificantend use for a largebuilding. To
addressthis importantenergy use, two types of requirementsare found in the ASEAN standards:

• Ventilatingand Air-conditioning(VAC) systems

• Air-conditioningequipment

MAC Systems

The selection of properVAC system and componentsis extremely important,yet the multitudeof
design factors and optionsmake systemdesign a complexundertaking. For this reason, it has proven
difficultto write comprehensiveenergy efficiency requirementsfor VAC systems. Indeed, it is widelyfelt
that this is one of the weakest sectionsof the ASHRAE-based standards. This section of the ASEAN
standardsincludesprovisionsfor loadcalculations,systemsizing,fan and pumpingsystem designcriteria,
various control requirements,and duct and pipe insulation. Overall, these criteria could impact total
buildingenergy use by 30% or more.

This area is one that providesfor much potentialimprovementin future updates to standardsin
ASEAN. The specificationof criteriaforcoolingonlysystemsis easierthanthe similartask facingASHRAE
in the US, which includescooling and heating combined. There is more room for clear delineationof

requirementssuch as fan efficiencyrequirements. The currentrequirementsimpact onlythe mostenergy
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intensivesystems. More focused requirements wouldspecify variable requirements for differingsystems
and conditions.

Two examples help to illustratethe magnitudeof effect. First, analyses indicatethat the use of
VariableAir Volume (VAk/)systemsinsteadof constantvolumesystemsin large offices can reducetotal
buildingenergyuse by about 10%, assumingthe VAV systemis properlybalancedand operated. Yet the
energy standards are rather weak in terms of requiring,or even stronglyencouragingthe use of VAV
systems. As of the late 1980s, VAV systemstended to be used in large offices in Singapore and in
Malaysia, but not inthe rest of ASEAN. Thus,a majoropportunityfor energyconservationin the ASEAN
climate is being overlooked.

Second,if VAV systemsare used,then for largersystems(fanKw > 60) the fan motormustdemand
no more than 50% design wattage at 50% design load. This requirementeffectivelyeliminates the
dischargedamper for fan control,and requireseither inletfanor variablespeeddrivecontrol. Studiesshow
that these controltypes can improvetotalbuildingenergy performanceinthe range of 6% to 10%. This,
togetherwith the use of VAV and proper fan control,can impact total buildingenergy use as muchas
eliminatingthe entire buildingenvelopeload. Yet the requirementsto do this withinin the variousASE.AN
standardsare quiteweak. The ASEAN standardssimplyreflecta similarweaknessin thisarea witnirl the
ASHRAE standards, lt is an area in whichimproveddelineationof requirementscan induce significant
energyconservation.

Unfortunately, requirements alone will not solve the overall problem relative to VAV. Substantial
trainingin balancingand maintainingVAV systemswillcertainlybe needed. For example, there wereonly
two VAV systems installedin large buildingsin ali of Java, and only one in Thailand by the late 1980s.
This was because there were so many problemsin attemptingto get the early systems balanced and
workingproperlythat subsequentsystemswere not specifiedor installed.

Space temperatureset pointlevelsare anothercriticaldeterminantof energyuse in air-conditioned
buildings. One rule of thumb is the each degree celsius reductionin temperaturecauses an increase in
energy use of 10% for air-conditioning.Thus, part of the load calculationrequirementsin the standards
is the specification of space temperature set point levels. Table 6-3 shows an example of such
requirementsextractedfrom the Philippineenergy standard.

Air-conditioning Equipment

The air-conditioningequipment requirementshave been kept quitesimple in comparisonto those
in the ASHRAE standard. This partly reflectsthe realitiesof initiatingthe first generationof standardsin
ASE.AN,whereas ASHRAE standardsare now intotheirthirdgeneration, lt also reflectsthe factthat fewer
types of equipment tend to be used in the hot and humidtropicsthan in the diverse range of climates
experiencedinthe US. Table 6-4 comparesthe variousASEAN requirements. In each case, the ASEAN
data has been extracted from a singletable. By comparison,the ASHRAE/IES 90.1-1989 requirements
are muchmore detailedand requirea total of 10 tablesto display.
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TABLE 6-1. Minimum Acceptable Full Load Motor Efficiency (%)

TYPICAL ASEAN REQUIREMENT" ASHRAE/IES 90.1-1989 REQUIREMENTS
....................................................................... ,, o........ , ................... .oo..... ° ...................... 0............. .o .... .o o,o,° ...... ........... ...... °o.°..,. ........ , ..... o .... .........................................

Minimum Required Efficiency (%) Minimum Required Recommend
Efficiency (%) High Efr.

Motor Motor
Size Size High
(hp) Thailand Philippines Indonesia (hp) 1990 1992 Efficiency"

0.4 72.0 77.0 72.0 ............

0.8 78.0 82.5 78.0 ............

4.0 83.0 84.0 83.0 1-4 77.0 78.5 ---

8,0 85.0 87.5 85.0 5-9 82.5 84.0 89.5

............ 10-19 84,0 85.5 91.0

40.0 90.0 89.5 90.5 20-49 87.5 88.5 ---

80.0 91.5 91.0 91.5 50-99 89.5 90.2 94.1

100+ 92.0 91.7 92.0 100-124 91.0 91.7 ---

............ 125+ 91.7 92.4 ---

............ 200+ ...... 96.2

• Minimummotor efficiencyrequirementswere notspecifiedfor the Singapore1979 standardor the Malaysianstandard
=,t

Motorsoperatingmorethan750 hoursper year are likelyto be cost-effectivewithefficienciesgreaterthanthoselistedunderminimum
requirementsforeither1990or 1992. Themoreefficientmotorsareclassifiedbymostmanufacturersas"High-Efficiency,"andarepresently
availableforcommonapplicationswithtypicalnominalefficiencieslistedinthe far rightcolumn.Guidanceforevaluatingthecosteffectiveness
of high-efficiencymotorapplicationsisgivenin NEMAMG 1-01983
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TABLE 6-2. Unit Lighting Power Allowances (ULPA)

Maximum Lighting Power Allowed (ULPA) (W/m=)
Recommended Thai ASHRAE

Building illuminance Levels Singapore likltaysia Draft Philippines indonesia I10.1"
Type/Space (iux)" 1979 1984 1947 1989 1989 1969

Service Station/Auto Repair 300- - ...........

Apartments & Condos 300 .......
(Public Spaces)

Banks 300.500 ...... 18 .....

Barber Shops/Beauty Parlors 750 ............

Churches/Auditoriums 150-300 ....... 8 25 -.

Parking Garages 20-100 5 --- 2 --- 2 2-3

Lobbie_, Corddors IC ...........

Stairs -- 10 .......

Hotels/Motels

Guest Rooms &Corddors 50" 17 15 12 17 ....

Public Areas 50-200 -- 20 17 17 20 --

Banquet & Exhibit 300.500 -- 20 20 20 ....

NursingHomes (Hosp patient rooms) 18 16 15 ......

Office & Office Buildings 300-500 20 18 16 18 15 16-20

Restaurant/Food Service

Fast Food/Cafeteria 50-100 25-- --- 14 14 10 1¢16

Leisure Dining/Bar/Lounge 50.100 25" 25 --- 15 15 -- 15-24
Retail

General Merchandising, Food, and Display 500 30-- 23 22 22 -- 23-36

Fine Merchandising -- 30" 26 23 23 m _.

Supermarket --- 50" -- .... 20

Mali Concourse at Multi-Store Shopping CV 150 -- 15 15 -- 15-17

Service Establishment .......... 18.29
School

Pre/Elementary 300-500 20" -- 16 17 15 16-19

High School/rechnical/University 300-500 20" -- 18 16 15 --

Warehouse Storage 50-100 _ -- 5 4 5 4.9

General Storage Areas 50-100 -- -- 5 2 5 --

Supplemental lighting for task areas may be desirable.

" In the ASHRAE 90.1-1989 prescriptive path referenced here, the ULPA allowance increases as building size decreases, and the range listed shows
the extremes, converted to metric units.

" Applies to aJl lighting, including accent and display lighting.

"" Singapore (1979) has no separate requirements for subtypes in this building type.

"' Singapore (1979) requirement is for "Classrooms'
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TABLE 6-3. Indoor and Outdoor Design Conditions

Indoor Design Conditions In an Air-Conditioned Space shall be:

1. DesignDry BulbTemperature 25 Deg C

2. Design RelativeHumidity 55 %

3. Maximum Dry BulbTemperature 27 Deg C

4. MinimumDry BulbTemperature 23 Deg C

5. MaximumRelative Humidity 60 %

6. MinimumRelative Humidity 50 %

Outdoor Design Condltlons shall be:

I. DesignDry BulbTemperature 33 Deg C

2. DesignWet BulbTemperature 27 Deg C
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TABLE 6-4. Air Conditioning Equipment Efficiency Requirements

Malaysia Draft Thai Draft Indonesian Philippine
Type of A/C Unit 1988 1987 1989 1989

CentrifugalChiller 0.22 0.22 ......

Water Cooled ..... 0.20 --

Air Cooled ...... 0.37 --

Water Cooled <=800 kWr ......... 0.28

Air Cooled <=800 kWr ........ 0.44

Water Cooled > 800 kWr ........ 0.22

Air Cooled > 800 kWr ......... 0.37

ReciprocatingChiller 0.26 0.26 ......

Water Cooled ...... 0.26 --

Air Cooled ...... 0.38 --

Water Cooled <=120 kWr ......... 0.26

Air Cooled <=120 kWr ......... 0.39

Water Cooled • 120 kWr ......... 0.28

Air Cooled >120 kWr ......... 0.36

Water Cooled Package Unit 0.25 0.25 0.31 -..

Air Cooled Package Unit 0.37 0.37 0.38 -..

Unitary A/C Units

Up to 20 kWr Capacity ......... 0.56

21 to 60 kWr Capacity ......... 0.53

61 to 120 kwr Capacity ......... 0.50

Over 120 kWr Capacity ......... 0.48
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CHAPTER 7: OTTV ANALYSIS FOR WALLS:
ORIGINAL ASHRAE AND SINGAPORE DEVELOPMENT

INTRODUCTION

Within the ASEAN-USAID project, an Overall Thermal TransferValue (OTTV) conceptwas usedto develop
appropriatecriteriaforthe wailsystem withinthe buildingenvelope system. This approachwas firstused
in the 1975 ASHRAE Standard 90-75 [18] andwas refinedin 1979 for the Singaporestandard [19].

The OTTVw formulaUonis a performance-basedcriteriafor the thermal effectivenessof the wail
system. The OTTV, concept takes into accountthe three basic heat gains throughthe external wallsof
a building:

• Heat conductionthroughopaque walls
• Heat conductionthrough glasswindows
• Solar radiationthroughglass windows

A major benefitof the O'i'l"V,,wallsystem performanceapproach is that it allowsa buildingdesigner
to vary important wall characteristicsto meet design objectives and still comply with the OTTV
requirements. A designercan select many differentcombinationsof valuesfrom a wide range of options
(opaquewail U-valuesand colors, types of glazing,window-to-wailraUos,and externalshading devices)
as long as the total value of the resultingOTW for the buildingis not greaterthan that specifiedby the
OTTV, requirement.

Each of the participating ASEAN countries conducted an OTTV,, analysis. Because Singapore
already had an OTTV, requirementand wanted to refine it, several studies were performedto examine
possible improvements. Other countriesperformedanalysesto develop an OI"I'V wadapted to the local
climate and buildingpractices. Each of these countriesused methodologiesthat wouldhave resultedin
improvementsover the original1979 Singaporemethod.

ConcentraUonon refiningthe OTTV forwails is warrantedby the importanceof wallsandfenestration
to the coolingloads of high-risebuildingsinrelationto roofs. For tall buildings,roofarea is small relative
to wall area. Roof thermal performance is, however, importantfor low-risebuildings. Because of our
emphasis onthe energyperformance of large commercialbuildings,we focussedon analysisof criteriafor
walls. However, the fundamentalprincipalsand approach wouldbe similarwhen applied to roofs.

This work had two primary objectives. First, there has been a concerted effort to improve the
accuracy of the OTTV expressionas lt appliesto the buildingsand climate conditionswithin the ASEAN
region. Based on experience, the originalOTTV equaUon[18,19] was thought to overemphasize the
thermal impactof the opaque wall, and to underemphasizethe thermal impact of fenestration. Thus, a
major thrustof the variousASEAN analyseshas been to determinethe magnitudeof thermal impacts of
various wall elements.

Second, several studieswere made in the effortto reduce the complexityinvolvedin usingthe OTTV
equationsforcompliancewithcode requirements. Inparticular,the computationof U-valuesforthe opaque
portionof the wall consumes mostof the compliancecaiculaUontime. This effort mightbe appropriatein
cold climates, but becomes a burden in ASEAN, where opaque wail thermal conductionis a secondary
effect at best.
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THE ORIGINAL 1975 ASHRAE OTTV,, EQUATION

The original form of the wall OTTVwequation,as developedfor ASHRAE Standard90-75 [18] and also
used in the 1980 revision[19]

OTTV,, = [(U. x A. x TD_ + (A_x SF x SC) + (U, x ._ x DT)]/Ao (Eq. 7-1)

where:

OT'rV,, = OverallThermal Transfer Value - Walls
U. = Thermal transmittanceof ali elementsof opaque wall area, W/m=-oc(Btu/ft=-h-F)
A. = Opaque wall area, m= (ft=)
Uf = The thermaltransmittanceof the fenestrationarea, W/m=-°C(Btu/ft=-h-F)
A, = Fenestrationarea, m= (ft=)

TD,q = Equivalentindoor-outdoorSOL-AIR temperaturedifferencefor the opaque wall,
*c¢'F)

SC = Shadingcoefficientof the fenestration
DT = Temperaturedifferencebetween exteriorand Interiordesignconditions,oC (OF)
SF = Solar factor value given W/m= (Btu/h-ft=)
Ao = Grossarea of extedor wall,AO,+ A_,m= (ft=)..

An alternateformof the O'I'I'V. equationreplacesthe area terms (A., AOandAo)with a Window-to-
Wall Ratio (WWR) term. The WWR form, shownin Equation 7-2 below, is functionallyequivalentto
Equation7-1 above. Because it is simplerto calculate,this form is used in many examples in the text
below and is also used as the basic format for the OTW. expressionsfor Malaysia, the Philippines,
Indonesia,and Thailand. This form is:

OTTV = [U. x (1-WWR) x TD,J + [WWR x SF x SC] + [Uf x (WWR) x DT] (Eq. 7-2)

where:

WWR = Window-to-wallratio.

Compliance With the Original ASHRAE O'FTV

The ASHRAE OTTV. requirementappliestoali buildingsthat are mechanicallycooled,exceptType
A buildings(one- and two.family residences,and hotels and motels not exceedingthree storiesabove
grade), The stringencyof the OTTV. requirementinASHRAE 90-75 and 90A-1980 isa functionof latitude.
If appliedto locationswithinASEAN, the OTTV,, is requiredto notexceed 90.1 W/m= (27.8 Btu/h-ft=) [19].

To determine if a buildingmeets this OTTV. requirement,informationis needed both on building
features and on climate data for the location. Fromthe buildingfeatures, one can calculatedirectlythe
valuesof U., A., Ut, A_,and SC. The value of TD,qcan be determinedfrom a figureas a function of kg/m=
(Ibs/ft=) [19] which is independentof climate or location. The Solar Factor (SF) is given as a functionof
latitude. For alimajorASEAN cities,withlatitudesless than 20°, SF is set to 361 W/m= (115 Btu/h-ft=)[19].

Calculation of OTTV for compliance with ASHRAE 90-75 [18] is demonstrated for an example
buildingin Singapore,withthe followingcharacteristics:

Theequationalsocontainedanotepermittingtheexpansionofanyelementofthewallifmorethanonetypeofconstruction
ispresent.
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U, = 2.13
A. = 19o4
Uf = 6.53
A_ = 1496

TD.q = 17.5 (for wall mass of 247 kg/m2)
SC = 0.47

Ao = 3400 ms (25 m widthx 3.4 m heightx 4 sidesx 10 floors)

The climatevariables for Singaporeare:

DT = 8.8 (32.8 °(3 -24.0 oC)
SF = 361

Solvingfor these inputs,Equation7-1 yields:

O'l-rv w = (2.13 x 1904 x 17.5)/3400 + (1496 x 361 x 0.47)/3400 + (6.53 x 1496 x 8.8)/3400
= 20.87 + 74.65 + 25.28
= 120.8 W/m=

Thus, the buildingdesign does not complywith the requirementof 90.1 W/m=.

Comments on the Original ASHRAE OTTV,,

Orientation:

The odginal ASHRAE formulationdid not explicitlyconsiderthe variation in solar radiationby
orientation,for it used a weighted average for ali buildingfacades. The benefit of this approachwas
simplicity;compliancerequiredcalculationof only a singleequation. The disadvantagewas inaccuracy,
forthe substantialdifferencesin solar radiationimpingingon verticalsurfacesfacing in differentdirections
were not considered.

Stringency:

The ASHRAE OTTV, requirementwas intendedas a coolingrequirement,the stringencyof which
was dependent on latitude. The OTTV,, was more stringent in lower latitudes,but did not change for
latitudesless than 20°.

Recent Refinements:

The OTTVwrequirementwas that recommendedby ASHRAE in the US from 1975 until 1990.
However, during the 1980s, substantial analysis was conducted on ways to improve the envelope
requirements.The methodologiesusedhavemuchincommon withthoseusedconcurrentlyin the ASEAN
studies,and the resultingrefinements have also been similar.

The newlypublishedASHRAE Standard90.1-1989 providesa more comprehensiveand stringent
set of cooling requirements [20]. Uke the newly proposed OTI'V, expressions in ASEAN, the 90.1
envelope requirements are based upon parametriccomputer simulationsusingDOE-2 that are used to
generate regressionequations. The US analyses includedtwo sourcesof added complexity. First,the
regressionsincludedchanges inclimatevariablesacrossa wide range of climateconditions. Second,the
regressionsinvolvedthe integrationof bothheating and coolingimpacts.
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THE 1979 SINGAPORE o'r'rv wEQUATION

Singaporehadfor manyyears recognizedthe importanceof reducingenergyuse incommercial buildings.
In 1979, the Singaporegovernmentestablishedenergyconservationstandardsfor bothnew and existing
commercial buildingsand providedfor strongenforcementrequirements. The standardsconsisted of
maximum allowablelightingloadsand maximum allowableO'l'rV of the buildingenvelopeand roof. The
SingaporeOTTV standard for wails'and roof was estimatedto reduce energyuse by 6% for ali buildings
meeting the sts._,dard.This estimate is based on an assumed reductionin oT'rv from 70 W/m=prior to
*,heintroductionof the standardto the 45 W/m2 (of envelope area) after the standard.

Since its implementationin Singapore,the OTTV has been used to ensurethat buildingenvelopes
are adequatelydesignedto reduce externalheat gains. Ownersof existingbuildingscouldwriteoff inone
year the cost of conversionworkto conformto the prescribedOTTV. Consumersof electricityin buildings
that had notachie_vedthe prescribedstandardas of January 1, 1982 were required to pay a surchargeof
20% tax on electricitybills.

The wall OTTV, requirementwas developedby Singaporein 1979, four years after the original
ASHRAE expression, lt used the same OTTV, equation as the originalASHRAE formulationshown in
Equation7-1, above. However,the Singaporeversion[21] includedseveralchangesintendedto make the
requirements more appropriateto the ;-.othumidASEAN conditions. These substantiallyaltered the
numericalvalues produced by the equation, the relative importanceof each of the terms in the equation,
the stringencyof the OTTV, requirem_nts,andthe complexityof thr complianceprocedures. The three
changes are:

• Wall thermal mass: The =reditfor wall thermal masswas reduced by over 30% for ali but
the most heavy waftconstructions.

• Solar Factor: A Solar Factor (SF) value was developed,basedon localSingaporeclimate
data. The Singc,.poreSF value of 130 W/m=was substantiallylowerthan the ASHRAE SF
value of 360 W/m=for the same location.

• Wall Orientation: A CorrectionFactor (CF) that allowedassessmentof the impactsof the
orientationof glass was added to the Solar Factor (SF) term.

As a rest_ltof these changes, the SingaporeOTTV, requirementof 45 W/m= is slightlyless than
half of the ASHRAE requirementfor the Singapore location of 91 W/m=. However, even though the
Singapore ','equirementis numericallysmaller at 45 W/m=, it is actually less stringent than the earlier
ASHRAE req_,irementof 91 W/m= for the Singapore location. This;is shown in Table 7-1 where the
ASHRAE 90-75 and Singapore1979 OTTV resultsare comparedfor identicalbuildingsinSingapore. The
OTI'V calculationsare depicted forthree hypotheticalbuildings:a squarebuilding,a rectangularbuilding
with aspect ratio of 4:1 and longaxis orientedeast-west, andthe latterbuildingorientedwiththe longaxis
north-south.The t_ble indicatesthat a buildingwallsystemmeetingthe Singaporerequirementwill fall the
ASHRAE requirementby a slightamount.

Because the Singapore OTTV, equationaccountsfor the vari;ztionin the amountof solarradiation
received by verticalwall surfacesof differentorientations,the OTTV procedureinvolvestwo steps. First,
the OTTV=of each wall is computed. Then, the composite OTI'V for the whole buildingenvelope is
computed by takingthe weightedaverage of these individualvalues.Thus, to calculatethe OTTV for the
envelope of a buildinghaving 'n' walls, the followingformula is used:

OTTV = {A1 x OTTV1 + A= + OTI'V= + ... + Anx OTI'Vn}/{A_+ A= ... + Ar_ (Eq. 7-3)
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Also, Singaporedid considerablework in developingexplicitcredits for effective shadingcoefficientsof
externalshadingdevices,both to facilitatecompliancewith the OTTV,, and to emphasize the importance
of usingexternal shadingdevicesas a compliancestrategy. As part of this effort,a refinementwas made
to the delineationof the SC term of the equation. The SC term was expandedto includean effective
shadingcoefficientfor external shadingdevices,as follows:

SC = SC1 + SC= (Eq. 7-4)

where

SC, = Shadingcoefficientof the gla,_.
SC= = Effectiveshadingcoefficientof an external shadingdevice.

The Singapore governmentdevelopedand publisheda handbookto aid in compliance with their
1979 energycode [21]. A seriesof tables in a handbookprovidesexplicitnumericalcreditsfor a wide set
of external shadingdevicesand dimensions.

ASHRAE 90-75 and Singapore 1979 in Context

The two OTTV,,formulationsjustdiscussedprovidethestartingpointsand contextforthe extensive
work on envelope performance criteriaaccomplishedwithin the ASEAN-USAID Projectsince 1982. The
efforts have indeed resultedin major improvementsto the earlierASHRAE and Singaporeproducts. The
final chapterof thisvolume discusseseach of the majoranalysesconducted, the methods used, and the
resultsobtained.
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Table 7-1. Comparison of ASHRAE and Singapore OTTV Equation

ASHRAE SINGAPORE
90-75 1979

Units N S S W ALL

WEATHERDATA
Equiv.Temp. Diff. (TDeq) Deg.C 17.6 10.0J
TemperatureDiff. (deltaT) Deg.C 8.8 8.8J
DegreesN. Latilude Deg.C 5.0 5.0ISolar Factor (SF) W/m2 360.0 130.0
OnentalJonCorreclJon (CF) N/A 0.72 1.25 1.02 1.25

BUILDINGDESIGNINPUTS
Wall U-value (Uw) W/m2-C 2.1:3 2.13
Weight kg/m2 247.0 247.0
Wall Area (Aw) m2 2138.6 535 535 535 5,35 2139
FenestrationU-value (Uf) W/m2-C 3.20 3.20
Feneslralk)nArea (Af) m2 1261.4 315 315 315 315 1261
ShadingCoefficient (SC) 0.42 0.42
Window-lo-WallRalJo (WWR) 0.37 0.37 0.37 0.37 0.37 0.37

COMPARISONFORA SQUAREBUILDING
Building Aspect Ratio: 1 to 1 I 0.25 0.25 0.25 0.25 1.0I

Opaque WallConduclJon W/m2 23.6
SolarRadialion W/m2 56.1 3.65 6.33 5.17 6.

GlassConduction W/m2 10.4

Ol"rVw (BuildingDesign) w/m2 90.1
OTTVwRequirement w/m2 90.1

COMPARISONFOR A RECTANGULARBUILDING(Longsides E-W)
BuildingAspectRatio: 4 to 1 Io.1 0.4 0.1 0.4 1.0i

OpaqueWall Conduc_m W/m2 23.6
GlassSolar RadialJon W/rh2 56.1 1.46 10.13 2.07 10.1
Gla. Conduc_o_ w_n2 lO.4
OTFVw(BuildingDesign) w/m2 90.1
OTTVwRequirement whn2 90.1

COMPARISONFORA RECTANGULARBUILDING(Longsides N-S)
BuildingAspectRatio: 4 to I I 0.4 0.1 0.4 0.1 1.01

opaquewalacou= 23.6I
Solar Radialion W/m2 56.11 5.83 2.53 8.26 2.53

GlassConduction W/m2 10.4,1
OI"TVw(BuildingDesign) w/mi 90.11
OTTVwRequirement w/m2 90.11

7-6



CHAPTER 8: CRITERIA FOR ENERGY PERFORMANCE OF
WALLS OF LARGE OFFICE BUILDINGS IN ASEAN

INTRODUCTION

In an effortto improveon the accuracyof the originalASHRAE and SingaporeOTI"V. equationsand to
simplifycomplianceprocedures,seven separatestudieshave been conductedin theASEAN regionsince
the early 1980s. Virtuallyali of these studieshave used variationsof the same analysis methodology,
which involvesconductingparametriccomputersimulationsof the annual energy impactsof changes in
envelopefeatures. The main features of this methodology,and the optionsavailable, are described in
AppendixD ofthis volume,as a contextforthe descriptionsof the variousASEAN studiesdescribedin this
chapter.

These studieshave resultedlr, a numberof modificationsto the originalASHRAE and Singapore
equations discussed in the previous chapter. These modificationsreflect refinements, local climate
conditions,and attemptsto simplifycompliance.Table 8-1 comparesthe overallformatandcontentof the
OTTV equationsresultingfrom each of the variousASEAN studies. Most ASEAN studieshave added a
termfor solarabsorptivityto the opaquewallconductionterm. One studyproposedeliminatingthe opaque
wall conductionterm entirely in order to simplifycompliance. Three studiesproposedeliminationof the
fenestrationconductionterm. The proposedOTTV criteriafor Malaysiaand Indonesiaexcludethis term
(whichhas thesmallestimpact of thethree terms). Ali ASEAN studiesfollowthe originalSingaporeOTI'V
equation in consideringorientationan integralpart of the OTTV. Table 8-2 comparescomplianceamong
the various forms of OTTV equation proposed or adopted in ASEAN for the same building envelope
characteristics.

A wordof cautionseems appropriatehere aboutboththe methodologyandthe results. Parametric
energysimulationsand regressionanalysesof the parametricresultsare powerfulnew toolsbeingapplied
to buildingenergy studies in general, and more specificallyto energy standardsand OTTV. analyses.
These tools can easily be misused, however. Improperlyconceivedor executed studies can produce
resultsthat make statisticalsense butdo not reflectreality. To avoidsuch pitfalls,eachstep inthe process
needs to be reviewedand checkedvery carefully.

Figure8-1 showsthe general nine-stepprocessthat is discussedinAppendixD for developingor
refining the OTTV. equation, given the startingrequirements of a simulationtool, climate data, and
reference building. In each of the nine steps, equally valid and reasonablechoices among optionsare
available;the selectionamongthese choiceswillinfluencethe natureandtype of resultsobtainedfrom the
analyses. As we shall see, both the approachestaken and the resultsof the analyses have been richly
varied in this project.

EARLY REFINEMENTS TO THE 1979 SINGAPORE OTTVwCRITERIA (1984)

Phase I of the ASEAN-USAID project focused on analysis related to Singapore because of its prior
experience and its desire to improve on the energy standard already in place. USAID arrangedfor the
LawrenceBerkeley Laboratory(LBL)to undertakethe project in close consultationwith the Development
& BuildingControl Division,PublicWorks Departmentof Singapore. The overallobjectivesof the project
were:

• To transferto Singaporea computercode (DOE-2) to analyze the energy performanceof
buildings
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• To analyze measuresto increasethe energyefficiencyof buildingsin Singapore

• To use the analysis results to extend and enhance Singapore's standards on energy
efficiencyin buildings

• To establisha processwherebythe otherASEAN memberscan benefitfromthe experience
in Singapore, including the use of DOE-2, the analysisto supportenergy standards, and
the processof adapting and implementingbuildingenergy standards.

The Phase 1 effortwas largely successfulin attainingthese objectives. For example, the DOE-2
computer code was installed on several mainframe computers in Singapore, training courses were
conducted, anda numberof Singaporean analystsbecame proficientinthe use of DOE-2. Theseanalysts
both assistedin training other ASEAN analysts in the use of DOE-2, and used DOE-2 in a number of
studiesundertakenduring Phase 2 of the ASEAN-USAID Energy Conservationin Buildings Project. Two
such studiesare describedlater in this chapterand a third is described inAppendix B, Volume III of this
seriesof final projectreports.

The Phase 1 studyby [8] conducted extensiveanalyses to assess the effectivenessof the 1979
Singapore standards for officebuildings, and recommendedrevisionsto the standardsas a result. The
overall methodologyused inthis study involveda nine-stepprocess:

1. Design of a hypotheticalreference officebuilding: A summaryof the characteristicsof this
buildinghave been discussedabove in Chapter4 and are shownin Table 4-1.

2. Choice of a computercode to estimateenergy use: The version of DOE-2 availableat the
time, DOE-2.1B, was used.

3. Weather data: Hourlyweatherdata for 1979 was usedfor the DOE-2 simulations,including
solar radiationdata derived from measurementstaken in Singapore.

4. Single parametric runs: To assess the conservation potentialof individual measures,
selected envelope, lighting,and systems features were varied individually,while ali other
parameters were kept constant.

5. Combinationsof measures: An energyefficientbuildingdesignwas simulatedbycombining
several of the mostpromisingindividualmeasures.

6. Analysisof present Singapore standards:The 1979 Singaporelightingand envelope OTTV
standardswere analyzed to estimate the energy savings achievedthroughthe standards
and to assess ways to improvethe standards.

7. Development of preliminaryrecommendations: The results from steps 4, 5, and 6 were
presentedto the Singaporegovernmentas a basisfor more detailedevaluationsof selected
conservationmeasures.

8. Detailed study of key measures: The measures chosen for careful study included (1)
lighting,(2) daylightingand (3) air-conditioningand otherequipmentmaintenancestrategies.

9. Policyrecommendations: Finalrecommendationswere made to the Singaporegovernment
on short-termand iong-term revisionsto the 1979 standards.

The remainder of this sectionsummarizesthe resultsof the analyses in steps 6 and 7 above to
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refine the OTTV. wall criteria of the 1979 Singapore energy standard.

Investigating the Functional Form of OTTV,,

A building envelope thermal standard involvesconsideringinsolation,glass conductanceand wall
conductancesimultaneously.The Singaporeexpressionfor thewall criteriaof the standardwas described
in the previouschapterand presentedin Equations7-1 and 7-2. For a buildingwith a squarefloor plan
and identicalwall configurations,and assuminga wall mass of greater than 195 kg/m= typicalof office
buildingsin Singapore,the OTI'V. criteriacan be simplifiedto the following,

OTI'V. = 10 (1-WWR) U,,, 5 (WWR) U,, 130 (WWR) (RC) (Eq. 8-1)

By varyingthe four envelope designvariablesof Equation8-1 -- WWR, U., U, and SC m in a
seriesof DOE-2 simulations,theenergyuseimpactof constructingofficebuildingswithdifferentOTTV was
studied. Usingthe referenceofficebuildingdescribedinChapter4, a seriesof 11 DOE-2 simulationswere
run. The coolingenergy use resultsare plottedas a functionof OTTV in Figure8-2.° For reference, two
pointsare shownon the OTTV scale:the minimumthresholdfor compliancewith the 1979 standardand
an estimate of pre-1979 constructionpractice in Singapore.

In general, energy use increaseswith increasedOTTV. Total coolingenergy use, however, can
vary by as much as 35% for differentsimulationswith thesame total OT'I"V. For example,at an OTTV of
45, total coolingenergy use may vary from 1850 to 2545 Mbtu. In order to better understandthe scatter
observed in Figure 8-2, the solar radiationfraction of OT'rV tdefined as "a" below) for each point were
placednext to each point on the graph.

a = {130 (WWR) (SC)} / OTI'V. (Eq. 8-2)

Two conclusionscan be made by examiningthe data in Figure8-2. One is that for roughlyequal
"a", energy use increaseswithincreasingO'I-I"V. Thus, itappears that if "a"remainsconstant,then OTTV
can be used as a measure of coolingenergyuse. An exceptioniswhen "a' = 0.75 at very lowoTrv (20
W/m=). In this case, the coolingenergyuse is much lowerthan expected. LoweringOTI'V from 70 W/m=
to 45 W/m=at "a" = 0.60, reducestotal coolingenergy use by 400 Mbtu or 16%. This results in a 10%
reduction intotal energyuse for the base case reference building.

The second conclusionis that ifOTTV is held constantand "a' is varied,largeenergyuse changes
can occur. Changing"a" from 0.87 to 0.46 at an OTTV of around45 W/m=resultsina coolingenergyuse
reductionof approximately700 Mbtu or 27%. Thus, OTTV alone is not an adequate indicatorof cooling
energy use in office buildings.

In order to furthertest the hypothesisthat coolingenergyuse is linearlyrelatedto OTrV, a series
of 200 simulationswere conductedat four differentvaluesof 'a', 0.4, 0.6, 0.7, and 0.8. The load (in Mbtu)
that must be satisfied by the chiller is plottedas a function of OTTV in Figure 8-3. Desegregatingthe
simulationsaccordingto the value of "a" resultsin four distinctstraightlines. This figurecorroboratesthe
hypothesisthat coolingenergyuse is linearwith OT'I"Vat constant'a'.

Further investigation of this relationship, in which the last term in the OTTV expression was
modifiedto increase the importanceof solargain relativeto conductiveheat transferacrossthe windows
and opaque walls, led to the followinginterestingresult.

t

Aconstantvolume,constanttemperatureHVACsystemwasusedinthesesimulationsinordertoisolatetheenergyuse
impactofcoolingloadchangesfromHVACsystemeffects.
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lt was found that the greater the relative importanceof the lastterm in the OTTV equation, the
betterthe correlationbetweencoolingenergyuse and OTI'V. The logicalextensionof thiswas to dropthe
walland windowconductiontermsaltogetherand determinethe effectof the solar radiationterm aloneon
coolingenergyuse. A linear regressionof chiller load as a functionof WWR x SC was performedfor the
previousset of 20 DOE-2 simulationsand plottedin Figure 8-4. The R=of the fit is 0.986.

When a linear regressionanalysiswas carriedout usingthe originalSingaporeO'I-I"V.formulation,
the R2 of the fit was 0.899. The implicationof thisanalysisis that the last term of the OTTV equation is
sufficientto explain98.6% of the variationofcoolingenergyuse, whereasthe originalO'I-i'Vequation(with
3 terms) explainsonly 90% of the variationof coolingenergyuse. Therefore,includingthe first twoterms
in the OTTV. equationworsensthe ultimatepredictionof coolingenergyuse by O'I-I'V.

Correcting the Solar Factor for Singapore

Giventhe importance of the radiationterm inthe OTTV. equation,and uncertaintyaboutthevalue
used for the solar factor in the 1979 Singaporecode, two independentassessmentswere conductedto
establishthe true solar factor. The firstassessmentanalyzed the 1979 hourlyweather data used in the
DOE-2 simulationsfor Singapore (see Chapter 3). The incident solar radiation on vertical surfaces
averaged over ali orientationsand over ali seasonsof the year between the hoursof 8 am and 5 pm (the
typical hours of occupancy in Singaporean offices) was between 210 and 230 W/m=, depending on
assumptionsregardingthe angulardependenceof diffusesolarradiation."Thus, the average value of 220
W/m2 is substantiallyhigher than the 130 W/m=used in the standard.

The secondassessmentof Singapore'ssolar factor startedwiththe regressionequationobtained
earlierfrom consideringthe chillerload a linear functionof WWR x SC, as displayedin Figure 8-4.

Chiller Load = Lo + B x WWR x SC (Eq. 8-3)

where

B = 1034 Mbtu/yr
Lo = 786 Mbtu/yr

LOequalsthe chillerloadfrom internalloadssuchas lights,peopleand equipmentand conductive
loads from windows,walls and roof. The latter three terms are quitesmall relativeto the internalloads.
Assumingthat ali of the solar gain results in a coolingload that the chiller must remove, then we can
equate the variableterm in the equationaboveto the heat gain from insolation.

1034 x WWR x SC = ,&..==,x WWR x SC x SF

Treating SF as the unknownin the equation,assumingthe chilleroperates for 3050 hoursannually=, and
makingappropriateunit conversionsresultsin the following.

t

The formervalue for the solarfactor assumesthat diffuseradiationis isotropic(i.e., independentof orientation),while the
lattervalue assumes that the diffuseradiationis anisotropic,usingan algorithmdevelopedfor clear skyconditions. Since
such conditionsrarely exist in Singapore,it was felt that the actual angular dependenceof the diffuse solar radiationis
probablybetween the two assumptions.

ent

Assuming the chilleroperates betweenthe hoursof 6 am and 5 pm Monday through Friday, and 6 am and noon on
Saturdays.
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SF --- (1034 Mbtu/yr x 293 Kwh/Mbtu) / (454.5 m2 x 3050 h/yr)
= 218 W/m2

The estimated value for the solar factor of 218 W/m2 is within 7% of the two values (based on
isotropic and anisotropic diffuse solar radiation, respectively) calculated directly from the weather data. The
close agreement between the results of these two approaches lends confidence in a markedly higher solar
factor as compared to the original 130 W/m2,and is consistent with the earlier finding of the larger relative
influence on cooling energy use from the solar radiative term in the OT'FV. equation.

Refining OTTV.

As a final step in the O'I-I'V analysis,a multi-variablelinear regressionanalysiswas conducted
where the chiller load was the dependentvariableand the coefficientsof DT, TDa, and SF were treated
as independentvariables. The R2 was slightlyhigher (0.994 versus 0.986) for this new formulationof
OTTV. However, there was a great amountof uncertaintyin TD_ and a moderateamountin DT. Fixing
SF at 220 W/m=, resultsin DT equal to 1.35°C and TD_ equal to 1.14°(3. The 95% confidenceintervals
for TD,_ and DT turn out to be -1.85°C to 4.14°C and 0.76°C to 1.93°C, respectively.

Reducingthe numberof terms in the OI-I'V equationfrom three to two was tested, employingthe
solar radiation and window conductionterms whose coefficients (i.e., SF and DT) offer the greatest
confidence. The R=for this formulationwas identicalas for a three termOTTV. equation. The confidence
intervalfor DT is similarto the case above.

In conclusion,there was no apparent advantage to using the full three-term original OI"I'V
formulation. The single solar radiationterm is sufficientto determine cooling energy use with great
accuracy. Thus the wallcriteriafor the Singaporeenergystandardwere recommendedfor redefinitionas,

OT'I'Vw = 220 x WWR x SC (Eq. 8-4)

Summary

This technical revisionto the present OTTV standard could improve the ability of the code to
representenergyuse incommercialbuildingsinSingapore.These revisionswouldgivegreater importance
to the effect of radiation throughwindows and less to windowand wall conductance. The effect of this
change in OTTV would be to encourage increasedshading and/or reductionsin window area (in the
absence of daylighting)but to discouragethe use of multiple glazings and wall insulationto meet the
standard.

The analysisfor Singaporeresultedin major advances in the understandingof buildingexternal
envelope impactsin the ASEAN region at the time it was conducted. These includeidentificationof:

• Energy conservationimpacts of variousbuilding envelope componentsfor a large office in
Singapore.

• The magnitude and nature of inaccuraciesof the 1979 SingaporeOTTV. formulation (and
implicitly,some similarinaccuraciesin the originalASHRAE OT'I'V. formulation).

• Methodologiesthat could be used to improve the accuracy of the OTTV formulation,
• specifically, using the results of parametricsimulationsof a detailed energytool on a typical

buildingto generate regression-basedvalues for key OTI'V equationparameters.

The study used a parametricanalysis and regressionequationapproachto derive a proposed
revisionfor the OT'I'V. equationthat wouldboth improveitsaccuracyand simplifycompliance. However,
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two issuesarose in reviewing the approach subsequentto the analysis,

First,some variableswere not analyzedoverthe full range overvariationexperiencedin practice,
and thustheir effectwas distorted. Second, in the multi-regressionanalysisof chillerload versusOTTV,
only a limitednumberof parametricenergyanalysesweredone. This hinderedthe procedure'sabilityto
accuratelyisolatethe effectsof the multipleterms. These limitationswereaddressedinthe followingstudy
conductedfor Malaysia.

OTTVwANALYSIS FOR MALAYSIA (1987)

OTTV. wall thermal performance criteria were formulatedfor the buildingenergy standard in
Malaysia. This sectionsummarizesthe analysesused to developthe OTTV. describedelsewhere[22].
The methodologyinvolvedevaluatingthe correlationbetweenselectedenvelopeparameters knownto be
important to energy use and the resultingchanges in the load on the chillerof the base case building,
buildingupon the Singaporeexperience. The analysisbegan with an explorationof possibleadditional
variablesto incorporateintothe oTrv. formulation, lt followsthat with refinementsin definingthe set of
parametric energy simulationsused to calculate an OTr'V. that best predicts cooling energy loads
generatedfrom heat gains througha buildingenvelopein Malaysia.

Adding Variables to the OTTV Equation

In additionto the parameters used in the earlier Singapore analysis, both thermal mass and
absorptivityof the opaque wallwere hypothesizedto have a significantimpacton energyusein Malaysian
buildings. Thermal mass impactswere embeddedinthe TD termof the originalASHRAE and Singapore
equations. However,absorptivitywas not includedin eitherthe originalASHRAE or Singaporewall O'I'TV
equations. Therefore,analyseswere conductedto determinehowmuchan explicitincorporationof either
thermal mass or the exteriorwall solarabsorptivityparameters(or both)wouldcontributeto the accuracy
of the OTTV equationfor Malaysia. Energysimulationswere performedbyvaryingthe wall massand roof
mass at solar absorptivitiesof 0.2 and 0.8, correspondingto lightand dark coloredsurfaces,respectively.

The resultsof these separate simulationsfor thermalmass and absorptivityare shownin Figures
8-5a and 8-5b. The exteriorwall thermalmass hadrelativelylittleeffect onthe chillerload, changingit only
1% to 2% over the range. This was not considereda largeenough impactto increasethe complexityof
the OTTV. equationby addinga separate thermal mass term. Neither roof mass nor roof color had a
significantimpacton the chillerload, dueto the relativelysmall roof area in the referencehigh-riseoffice
buildingused.

However,changingopaquewall color,as indicatedbyvaryingthe solarabsorptivityoverthe range
of a = 0.2 to a = 0.8, had an 8% to 9% effecton chillerload. This resultconfirmedthe initialsuspicionthat
wall colorwas an importantdesignfactoraffectingbuildingenergyuse inthe type of climateinthe ASEAN
region. This is especiallytrue because typical Malaysianconstructionpracticeuses littleor no insulation
in the walls.

Determining Best Way to Add Absorptivity Term to OTTV Equation.

A new form of the O'I-I'V. equation was needed in order to properly incorporatethe solar
absorptivityterm, a. To evaluate the best configuration,two sets of 20 DOE-2 simulationseach were
executed usingvarious combinationsof the key designvariables. In one set, the solar absorptivitywas
varied, and in the other, it remainedconstant. The purposeof these two sets of runswas to evaluatethe
variation in the chiller load that was attributableto the changing absorptivity.The computedvariationsin
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the chiller load were then comparedto several differentmethodsof incorporatingthe absorptivityterm,
shownin Figures8-6a through8-6c.

The firsttwo of these figuresshowthat neitherthesolarabsorptivitynorsolarabsorptivitymultiplied
by a measure of the opaque wall area (1-WWR) have a discernablemathematicalrelationshipto chiller
load. The last figure, however, shows a strong linear relationshipbetween chiller load and solar
absorptivitymultipliedbythe opaque wall area ratioandthe conductiveheat lossfactor (U-value) for the
wall. This relationshipclearly indicatesthatthe appropriateway to incorporatethe solarabsorptivityterm
intothe oTr'v equationisto includeitas a multiplicativeconstantin the opaque wall term. Thus, Equation
7-2 modifiedfor the Malaysiastudyas follows:

OTTV, = [a x U, x (1.WWR) x TD,J + [WWR x SF x SC] + [Ut x (WWR) x DT] (Eq. 8-5)

where

a = Solarabsorptivityof the opaque wall.

The analysisthatfollowsestimatesthe unknownsinthe aboveequationfor Malaysia,namelyTDa,
SF, and DT.

Solar Factor for Malaysia

The solar factorwas derivedfromsolardata collectedinPenang,northwestof Kuala Lumpur.The
vertical radiation is averaged over the time period 7:30 a.m. to 5:30 p.m. The average (over eight
orientations)solar factor is equalto 222 W/m=.

However, because the OTTV formulationuses the solar factor in combinationwith the shading
coefficient,the solar factor needs to be relatedto the solartransmissionof single-pane double-strength
glass. The shadingcoefficientis definedas the fractionof solarradiationthat passesthroughthe windows
relative to that transmittedby clear 0.32 cm (1/8 inch) thick, single pane, double-strengthsheet glass.
Higher shading coefficientsproduce greater heat gains and increasedcooling erlergy use. When the
shadingcoefficientis specifiedinthe DOE-2.1 input,the programfirstcalculatesthe solarheat gain using
transmissioncoefficientsfor clear, 0.32 cm thicksinglepane sheetglass. This solarheat gain is multiplied
by the value of the shadingcoefficientto determinethe resultantsolarheat gain. Ifwe use a typicalvalue
of 0.87 for the fractionof incidentsolarradiationtransmittedthroughsuchglazing,the solarfactorbecomes
194 W/m2. This is the value of SF used in the regressionanalysis, from which TD,q and DT were
determined.

Refinements to Methodology for Determining OTTV.

The initialanalyticstrategywasto followthe methodologyfor designingthe DOE-2 parametricruns
andconductingthe multi-variateregressionsas hadbeen usedinthe 1984 Singaporestudyjustdiscussed.
The rationale was that the analysis would in ali likelihoodresult in only a slight modificationof the
Singapore results because of the similaritybetween the climates and buildingtypes in the two places.
Anotherconsiderationwas to have a sufficientnumberof runsto define adequately the unknownsinthe
OTTV equation.

However, subsequentclose examinationof the Singaporeanalysisrevealed that someof the Input
parameters were not varied throughouttheir range of likely occurrence,nor were they systematically
combinedinto a coherentset of runs. The resultwas that the full impact of these parameterson cooling
loadswas either significantlyunder- or overestimated.
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To eliminate these distortions,the designof the set of parametricenergy simulationruns was
alteredusinga techniqueinexperimentaldesigncalledfactorialanalysis. Factorialanalysistsa systematic
way of covering an entire factor space by first definingthe range of each key parameter and then
combiningthe parameterextremeswitheach other,plus the midpointof them all. This resultsin (2" + 1)
cases to run (n being the number of parameters) to determine the full effect of the variationof each
parar_aterin combinationwiththe others.

For instance,supposeone wants to solve a problemwithtwo parameters,A and B, each with a
plausiblevalue range of 0 to 1. This wouldlead to 2=+ 1 = 5 casesto run, shownin Table 8-3. Every
possiblecombinationof factor extremesis given, alongwiththe midpointof both. In this way, problems
with any numberof parameterscan be analyzed.

Reasonable minimumand maximumvalues for the key wall parameterswere chosen,based on
a combinationof professionaljudgmentandobservedconditionsinMalaysia. The rangeof each parameter
usedfor the revisedanalysisis shownin Table 8-4.

Determining Form and Content of OTTV,,

The additionof the solarabsorptivityterm bringsthe totalnumberof independentvariablesfor the
simulationsup to five. Thus, 33 DOE-2.1C runs(i.e., 25+ 1) were done,varying WWR, SC, U, U,, and
a in accordance with the factorial analysis design scheme. The five independent buildingenvelope
parameterswere combinedinto differenttrial expressionsfor the OI'TV and relatedto the buildingchiller
load withthe followingequation:

ChillerLoad = kl + k= (OTI'V,) (Eq. 8-6)

where kl and k= are regressioncoefficients,and OTTVx is the particularform of the equation being
investigated,expanded into ali of its terms. The coefficientswere determinedby the method of least
squares. The constantk_embodiesinternalgainsfrom lights,people,equipment,etc. Since the value of
SF is known,the k2constantcan be isolatedfromeachphysicalcoefficientin theOTTV equation,revealing
the estimatedvalues of DT and TD,q.

The chillerload is taken from the DOE-2 systemsor plantoutputreport,dependingupon system
type. The value used is the total annual load on the chiller,in Kwh. Before this outputcan be used in
conjunctionwith other terms in the OTTV, cited above, it must be put into consistentunits of W/m=of
external wall area. To do this,the DOE-2 outputis dividedbyannual hoursof chilleroperationandby the
totalarea of the external wall for the building,using:

Chiller Loadol-rv(W/m=) = ChillerLOadDos.=(Kwh) / (Ao(ft=)x H= (hours)) (Eq. 8-7)

where

Ao = Gross area of exteriorwall, A, + A,, m= (ft=),as defined in Eq. (7-1), for ali
orientationscombined.

H= = Annual hoursof chilleroperation (hours),derivedfrom the chillerscheduleused
in the DOE-2 simulation.

A regressionanalysis was performedto evaluatethe properformatof the OTW equationand the
unknownterms in it (DT, TDa. In all, sixalternate formsof the OTTV equationwere evaluatedand are
shown in Table 8-5. For each configuration,selected regressionstatisticsare compiled, such as the
coefficients,theirsignificance(student'st-score),and an estimateof the qualityof the straight-linefit of the
data to the equation (R2).
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The first form of the equationshowninTable 8-5, withali three termsas tnthe originalSingapore
equation,providedthe best fitto the data, Almostali (99%) of the variationinchillerloadswasaccounted
for by the functional relationshipsof the Independentvariables shown. In this equation, the solar
absorptivityis treated as a multiplicativeconstantwithinthe wall conductionterm.

The student'st-scorefor each of thethree termsindicatesthat ali three termsare significant.The
solar radiationterm is by far the most significantterm in the equation with a t-score of 47; the window
conductionterm is barely significantat 2.6.

Using Form #1 and the solar factor value of 194 W/m=, the two unknownsare derived from the
coefficientsin regressionequation,leadingto TD,_ = 20.3°C and DT = 1.5°C. Thus, these values inserted
into Equation8-5 yield:

OTTV,, = [20.3 x a x U, x (1-WWR)] + [194 x WWR x SC] + [1.5 x Uf x (WWR)] (Eq. 8-8)

For masons of expediency in compliance,a simpler2 term equationwas preferred for use in Malaysia.
Ignoringthe heat gain contributionfromwindowconductionin the OTI'V, equation (i.e., Form #2, Table
8-5) resultsin little lossof accuracy. Thus, the wall performancecriteriafor Malaysiabecame:

OTTV, = [19.1 x ctx U, x (1.WWR)] + [194 x WWR x SC] (Eq. 8-9)

OTTVwANALYSIS FOR THE PHILIPPINE STANDARD (1989)

An analysiswas conductedto derive a PhilippineOTTV,, wall criteriafor the proposedenergystandardfor
buildings[23]. The approachused andthe wallcharacteristicsanalyzed closelyfollowedthe methodology
used in the Malaysian studyjust described. Given the similarityof buildingtypes and climates, it was
expected that the analysiswould resultin only a slightmodificationof these previousresults,

A major refinementto the methodologyin this Philippinestudywas in the developmentof the
reference buildingdescriptionsfrom a survey of over 50 buildingsconducted in Manila. The detailed
featuresof botha referenceofficebuildinganda referencehotelwere generatedvia statisticalanalysisof
the sample data for each key energy-relatedbuildingfeature. Because the reference Philippineoffice
buildingis rectangularwitha typical aspec_ratioof 2:1, instead of the squareprototypesestablishedfor
Singapore and Malaysia, this permitted an examinationof the sensitivityof the coefficientsto building
orientation. Here, we focuson the analysisinsupport of an O'I'TV, for officebuildings. In a later section
we discussthe companionanalysis for Philippinehotels.

Results

As inthe Malaysiastudy,a varietyof alternateformsforthe OTI'V equationwere evaluated.While
ali the regressionfits in terms of R2 value were relativelyhigh (i.e., above 0.90), the OTTV, formulation
shownin Equation8-5 hadthe highest. Furthermore,the t-scorefor the coefficientsindicatedthat alithree
of the termswere significant,hence,shouldali beconsideredinthe final wallOTTV expression. The solar
radiationterm was by far the most significantterm in the OTTV equation,witha t-score greater than 95.

The OTTV, coefficientswere re-estimatedfor the base case buildingrotated90° so that the long
axis of the buildingwas oriented north-south, instead of east-west. The resultingcoefficients from the
regressionsfor TD.q and DT were within 10% of one another. Hence, for the purposesof the standard,
the TD_ and DT were averaged overthe two orientationsand adoptedas constantsfor the wall and glass
conductionterms in the OTTV,, equation, respectively.
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The rectangularPhilippine referencebuildingalso affordedthe opportunityto test the robustness
of the regressionprocedurein estimatingthe solar factor. The solar factor values derived directlyfrom
analysisof the weatherdata, adjustedbythe weightedaveragewallarea byorientation,were inagreement
with the regressionestimates to within 10%. The SF is defined by orientationand hours of building
operationas indicatedin Table 8-6.

Proposed Philippine OTTV. Equation

Based on the database of office buildingsin the Philippines,and the standardscase building
derived from it, the requirementproposedfor the Philippineenergy standard is that the OTTV. for the
exteriorwalls of buildingsnot exceed 48 W/m2. The followingwall OTTV., equationwas developed from
the analysisfor use indeterminingcompliancewiththe requirementforeach wallof a commercialbuilding:

OTI'V. = 12.6 a (1-WWR) U. + 3.4 (WWR)Uf + SF (R) SC (Eq. 8-10)

INDONESIA ENERGY STANDARD (1989)

In terms of methodologyused, the Indonesiananalysiseffortwas very similarto the Philippine
analysis. The major differenceswere in the climatedata and the developmentof the referencebuilding
descriptionsdescribedearlier. For thisreason,we do not reporthere separatelyon the IndonesianOTTV.
developmentmethod,but notethe resultantform of the equationin Table 8-1.

FURTHER ANALYSIS OF OTTVw FOR SINGAPORE (1989)

This section is adapteC from an effort to upgrade Singapore's buildingenergy conservation
standards, and in particular, revisionof the OTTV equationsfor the envelopes [9]. Earlier analyses
suggestingimprovementsto the 1979 OT'I'V formulation(describedpreviously)were never acted upon.
Yet the inaccuraciesof the originalOTTV formulationremain,withup to a 15% discrepanciesbetweenthe
calculatedOTTV and the resultantheat gains. The primary motivationfor this studywas to increase the
accuracyof the envelopecriteria.

What is describedhere is a slightlydifferentmethodologicalapproachtodefinethe OTTV thanthat
taken previouslyin Singapore,as well as in Malaysia, Philippines,and Indonesia. The differencesare
important and result in a different OTTV. formulationfor Singapore. The main distinctionin the
methodologyused here is the use of heat gain throughthe buildingenvelopeas the dependent variable,
whereas the others used the coolingloadfaced bythe chiller. This is a subtle,but keydistinction,having
to do withthe time delaysbetweenheat transmissionthrougha buildingshelland itsappearanceas a load
on the air-conditioningsystem. For buildingsthat do not operate continuously,such as officebuildings,
some of those heat gains can dissipateduringthe unoccupied(and unconditioned)periodwithout ever
placinga demand on the system. For buildingsthat operate on a continuousbasis, such as hotels or
hospitals,there may be no differencebetween heat gainsand chillerloads.

One advantageof definingheat gain as the dependentvariable in the analysisis that it permitsa
simplerapproachto calculatingthe unknownsinthe OTTV equation(e,g., TD, DT, andSF). Byemploying
thestandardreportingfeaturesof DOE-2 as shownbelow,theunknownscan bedetermineddirectlywithout
conductingmulti-variableregressionanalysis. However,in so doing,the abilityto assessthe significance
of terms in the equation is lost.

Methodology

In thisapproach,OTTV is definedas the averageheat transferrate throughthe buildingenvelope.
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This is obtained by dividing the total annual heat gain through the envelope and dividing by the total
operatinghoursof the air conditioningsystem and the envelopearea, i.e.,

OT'I'V,, = {Total heat gain through envelope} /
{Total operatinghoursx envelope area} (Eq. 8-11)

Note that this has the effect of averaging the loads accumulatedduring non-operatinghoursover the
operatinghoursforthe air-conditioningsystem. This heat gain can be sub-dividedintocomponents,which
accountfor conductiongain throughwalls, conductiongain throughwindows,and radiationgain through
windowsduringoperatingandnon-operatinghours inthe building. Retainingthe functionalformof OTTV,,
as originally laid out for Singapore in Equation7-2, these componentscan be describedby the following
set of relations.

TD.q (U,) (1 - WWR ) / OTTV = Wall heat conductiongain/totalheat gain through
the envelope (Eq. 8-12)

DT (U_)(WWR) / O'I'TV = Glass heat conduction/totalheat gain throughthe
envelope _Eq.8-13)

SF (SC) (WWR) / OTTV = Solar radiationgain / total heat gain throughthe
envelope (Eq. 8-14)

The building is simulated using DOE-2, from which the total heat gain and components are
extracted directlyfrom a LOADS summaryreport. Usingtheseheat gainsandthe knownparametersused
as inputsto the simulation(i.e., U,,, U_,WWR, SC), the unknowncoefficients,TDa, DT, and SF can be
derived from Equations 8-11 through8-14. A singlesimulationis sufficientto providean estimate of the
coefficients. However, it is desirableto conducta series of simulationsin which the principalenvelope
parametersare varied, so that the individualcoefficientestimatescan be averaged.

Results

Followingthis approach, a series of 41 DOE-2 simulationson the Singapore reference office
buildingwere run. The envelope parameterswere varied incombination"over the followingranges:

• Window-to-wallratio (WWR, 0.20 to 0.95)
• Shading coefficientof fenestration (SC, 0.16 to 0.95)
• Window U-value (Ut, 0.20 to 4.21 W/m=°C)
• Wall U-value (U,, 1.49 to 2.44 W/m=°C)

Surprisingly,there is littlevariationinthe resultantvalues forthe coefficientsamong the simulations. TD.q
variesbetween 10.7 and 11.1; SF varies between 228.9 and 230.4; and DT variesbetween 4.52 and 5.38.
Taking the average values and roundingoff results in the followingrevisedOTTV,, equationfor a square
buildingin Singapore:

o'l-rv = 11 (u,) (1 - WWR) + 4.8 (U,) (WWR) + 230 (SC)(WWR) (Eq. 8-15)

What is strikingabout Equation 8-15, is how close the first two coefficientsare to the original
SingaporeOT'I'Vw.There is, however,a dramaticincrease in the weightof the solarheat gain component

Q

Whileitispossiblethatsomesystematicapproachwasfollowedincombiningtheparameterstoformthesetofsimulations,
thisstudydidnotfollowthefactorialanalysistechniquedescribedfortheMalaysianOTTVanalysis.
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relativeto the conductiveheat gain componentsacrossthewindowsand opaquewalls. This resultsin an
increasein themagnitudeof the O'I'TVwresultsfora givenbuildingconfigurationof between40% and60%
over thatcalculatedby usingthe originalequation. Obviously,theoriginalOTTV. requirementof 45 W/m=
wouldnot be appropriateto use withEquation8-15 and wouldneed t,obe adjustedto the desiredlevel of
stringency.And, as discussedearlier,there is no way of knowinghow'significantthe coefficientsare when
determinedwiththis technique.

The robustnessof the revised O'r'T'V. equationwas further tested by modifyingthe reference
buildingfrom a square shape to a rectangularshape of different aspect ratios (4.1, 2.62, and 1.87.,
respectively),and by varying the thermalmass of the wall constructionfrom 48.8 kg/m= to 341.7 kg/m=.
The resultso_)tainedfrom these sens=tivityanalyses demonstratedthat the coefficientsof the simplified
orrv equation remain relativelyconstant. Thus Equation 8-15 is capable of predictingenvelope heat
gainsin Singaporeoffice buildingsover a wide range of envelopeparameters.

ESTABLISHMENT OF:O'rTV. FOR THAILAND (1989)

As with the other AS!EAN countries,Thailand's energy criteriafor walls stems from the 1979 OTTV.
establishedfor Singapore. This sectionsummarizesa studycomparingtwo approachesto determining
the coefficientsfor the OTTVw[17]. In a sense, this study i,.:.orpor_,testhe two differentapproachesto
developingwall criteriaembodiedinthe Malaysia, Philippine,Indonesia,and earliestSingaporerevisions
on the one hand, and the later Singaporerevisionson the other. The coefficientsfor the waC:criteria
containedinthe proposedenergystandardforThai commercialbuildingswere determinedlargelythrough
analytical means, withoutthe use of buildingenergy simulationnor regression. We willfirstdescribethe
developmentof this Thai oTrv equation, and followwith a comparisonof the coefficients determined
_mpiricallyfrom regression.

Analytical Derivation of the OTTV. Coefficients

Equation 7-2 was chosen as the functio,,al form of the OTTV. proposed for Thailand. The
coefficients,TD.q, DT, and SF were determinedanalytically. TD,_ was derivedto accountfor the effects
of solar radiationabsorbed by opaque exteriorwall surfaces. The extent of this radiationabsorptionis
dependenton the solarabsorptivityof the surface, as is the size of the heat transfer through the opaque
wall. This can be representedby employingthe conceptof sol-airtemperaturedefined as follows.

T, = To + (oJho)l- (E/ho)l (Eq. 8-16)

where,

T, = Sol-airtemperature,
TO = External ambient temperature,
(z = e_bsorptioncoefficientfor solar radiation,

ho = The heat transfercoefficientof the external surface,
= Emissioncoefficientfor therma':._diation,

I = Solar radiationincidenton the wall, and
I, = Thermal radiationemittedfrom the wall.

Sol-air temperature is a linear function of c¢. Because of the finite heat capacity of the wall, the heat
transfer is not immediatebut is delayed by thewall mass, the extentof whichis modulatedbythe thermal
rosistanceof the wall. Usinga staticheat transfercharacterization,the sol-airtemperaturecan be brought
intothe OT'I'V. framework throughthe followingequation.
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(U.)('rD_) = Average instantaneousheat flux acrossthe wall (Eq. 8-17)

where the right hand side of Equation8-17 is a functionof T,-T,. Since T, is a linear functionof a, from
Equation8-17 one can surmisethat TD.q is alsoa linear functionof c¢. Thus, TD.qcan be evaluatedby
usingthe ASHRAE weighting factor method for wall materialsof different specificdensities and solar
absorptivities. Table 8-7 showsthe values for TD.q determinedin this way and compiledfor use in the
proposedstandard,rangingfrom 9 to 18 °C dependingon wall densityandsolar absorptance.

DT, the temperaturedifferenceacrossthe glazing,is definedhere as the differencein the outdoor
temperatureof the Bangkoklocationand the design internaltemperature. For a Thai buildingoperating
only during the day, this is assumed to be 5°C. Finally, based on analysis e"_five years of solar data

Wtm 2collected in Bangkok,the average solar factor over ali orientationsis 160 , . Thus, the proposed
OI"TV. equationfor a Thai office buildingof mediumconstruction(i.e., wall mass between 125 kg/m=and
195 kg/m=)and lightexteriorcoloredwalls (i.e., a = 03) is the following.

OTTV,, = 12 (1-WWR)(U.) + 5(WWR)(U,) + 160 (WWR)(SC) (Eq. 8-18)

Thailandhas set the Ol-rv compliancelevel at or below 45 W/m=.

Comparison of Analytic and Empirical Approaches

In order to test the accuracy of OTTV. coefficients derived from the analytic approach, the
coefficientswere estimatedin a similarmannerto that used in the Malaysia, Philippines,Indonesia, and
early Singapore approaches. A set of 12 simulationswere performed using the DOE-2.1C model to
simulatethe energy performanceof a prototypicalThai office building. The simulationswere designedas
three sets of four simulationsin which for each set, two of three envelope parameters(U,,, Uf, and SC)
were held fixed at their base values whilethe third parameterwas varied about some range. The set of
runsare shown inTable 8-8. Note that WWR and ctwere not varied in the parametric.

The resultsof these simulationswere then used to derive the coefficients,TDa, DT, and SF.
Multiple linear regressionwas performed, equating the annual cooling load from the simulations (as
dependentvariable) with the knownparametersin the three terms of the OTTV. equation (see Equation
7-2). The resulting coefficients were TD_ = 16.8°C, DT = 5.3°C, and SF = 165.7 W/m=. Ali three
coefficientswere highlysignificant,with student'st-scores exceeding 12 in ali cases.

The latter two coefficients derived throughregression generally agree with their counterparts
contained in the proposedThai standard(whichwere derivedanalytically). For TDa, the regressedvalue
is higher than the value in the standard.This couldbe interpretedto mean that the effect of the extemal
ambient temperatureand solar radiationon the opaque wall -- the sol-airtemperature-- is higherthan
anticipated. More likely, however, is that the values differ due to inaccuracies introducedby the
experimental design of the set of simulations. With some of the parameters held fixed and others not
properlyvariedin combinationas prescribedby the factorialanalysistechnique(as describedfor Malaysia),
the factor space was not adequatelycovered. A furtherdiscrepancybetween the analyticand empirical
approaches is that the former related heat gain to OTTV. while the latter relatedcoolingload to OTTV,,,
an issue raised earlierin connectionwiththe approachfollowed by Singaporein its later OTTV. revision.
This would have the greatest effect on the estimate of TD,q, thoughwith the oppositeoutcome to that
obtained here. In other words, use of cooling load, with the time delay of heat transfer from building
thermal mass, shoulddiminishthe importanceof the opaquewallconductionterm (byestimatinga smaller
coefficient), not enhance itas resultedhere. The differenceprobablystems from theexperimentaldesign.
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OTTV,, ANALYSIS FOR HOTELS IN THE PHILIPPINES (1989)

The objectiveof this effortwas to determineif the OT'I'V,, equationdeveloped for a large hote8
wouldbe thesimilartothat forlargeofficebuildings.The typicalPhilippinehoteloperates24 hoursperday,
seven daysper week (8760 hoursper year), whilethe typical Philippineofficebuildingoperates10.5 hours
per day onweekdays and 6 hourson Saturday(3042 hoursper year), lt is thisdistinctioninoperationthat
mightnecessitateseparate wall criteriaformula.

The hotelOTTV,, parametricanalysisused the same methodologyand 1983 climatedata as with
the officebuildinganalysis. Also,the same set of wallcharacteristics,ranges, and setsof parametricruns
were used, but the midpointsused inthe parametricsimulationswere slightlydifferent, correspondingto
theaveragesforthoseenvelopeparametersdeterminedforthe typicalhotelbuilding.The fiveindependent
variableswere: U,,, Uf,WRR, SC, anda. Solarfactorestimateswere developedbothfromthe regression
analysisand exogenouslyfromdirectanalysisof the weather data.

The factorial-analysisexperimental-designtechniquewas usedto determinethe appropriateset of
parametricruns. Regressionanalysesusingthe least squares methodwere made for each chillerload
estimate from the parametricrunsand the correspondingcombinationof the five envelope parameters.
To test the effect of orientationon the estimatedcoefficients,two setsof (2s+1 -- 33) parametricrunswere
done for the referencebuilding,whichhas a 3.5:1 aspect ratio. For these two sets of runs,the longaxis
of the reference hotel was orientedeast-west and north-south,respectively,since these represent the
extremes. Then two regressionswere performedand compared.

Regressionstatistics(includingcoefficients,standarderrors,t-scoresand the R-squaredvalues)
werecompiled forthe two buildingorientations.The fitswere highlysignificant,as were ali three termsin
the OT'TV, equation." The resultingvalues for TD.q, DT, and SF derivedfrom the regressionrunsare
showninTable 8-9.

The most striking aspect of these results is how small the coefficients are relative to their
counterpartsfor offices: they are one-halfto two-thirdssmallerfor the hotel. This is the effect of the 24-
houroperatingschedulefor hotels. TD.qand DT are smallerbecausethe nighttimeexternaltemperatures
are lower than daytime temperatures, narrowingthe effective temperature differences. SF is smaller
because the solar energy intensity is averaged over ali hours,includingnighttime hours. Changing the
orientationof the buildingcauses TD and DT estimateseach to differby about 10%, whereas SF differs
by about 20% between orientations. While outdoor air temperatures would not be expected to vary
accordingto orientation,the sol-airtemperaturephenomenondoescause TD.qand DT to vary. Compared
to a direct estimate of the SF for hotelsfromthe weather data (shownin Table 8-6 for ali 24 hours), the
SF obtainedthroughregressionis 15% to 20% lower, dependingon orientation, lt is not clear why this
discrepancyexists,since the same comparisonconductedforthe Philippineofficebuildingyieldeda close
agreement.

Philippine OTTV, Equation for Hotels

lt was decidedthat the TD.qand DT were reasonablyclose regardlessof orientationsuchthat the
average of the TD.q and DT values in bothorientationscouldbe used as the coefficientsfor the wall and
glass conductionterms in the OTTV equation,respectively. However, SF woulddepend on orientationas
usual,and would be drawn fromTable 8-6. Thus, for a square hotelbuilding,the wall criteriawouldbe
the following.

t

R2valueswere 0.997 for bothorientations.The solar radiationterm was by far the most significantterm witha student's
t-score of 87 for the east-west orientationand 79 for the north-southorientation.
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O'I-I'V = 5.4 ct (1-WWR) Uw+ 1.1 (WWR) Uf + 73 (WWR) SC (Eq. 8-19)

SUMMARY OF OTTV,, THROUGHOUT ASEAN

Table 8-1 comparesthe O'I-I'V, equationspreparedfor officebuildingsin ASEAN. What is most
strikingis the overall similarityof the terms in spiteof the variation inclimateand constructionthroughout
the region.

The implicationof the resultsof the PhilippinehotelO'1"1_,,analysisis that changes in walldesign
parametershave about half the impacton energyefficiencyfor hotelsthan similarchanges in officesand
other buildingswithdaytimeoccupancies. This is indicatedby the magnitudesof the coefficientsfor wall
conductanceand fenestrationconductance,as wellas the solar factor values. The hotel analysisdidnot
address impactson peak load relativeto officebuildings.The peak load differencesbetween offices and
hotels mightwell be substantiallyless thanthe energy differencesindicated. Furtheranalysis is needed
in order to resolvethis issue.
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TABLE 8-3. Example of Factorial Analysis Parameter Problem

Parameter

Case A B

1 1 1

2 1 0

3 0 0

4 0 1

5 0.5 0.5

TABLE 8-4. Parameter Ranges for Wall OTTV Variables In Malaysia

Parameter Units Range

Solar Absorptance - 0.2 0.8

Window/Wall Ratio - 0.1 0.66

U-Value Opaque Wall (W/m=)- °C 0.42 2.16

Shading Coefficient - 0.2 0.6

U-Value Glass (W/m=)- °C 1.59 5.79
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- TABLE 8-6. Solar Factors for Malnila

Orientation Direct Diffuse Total Total Transmitted

Ali Daylight Hours (W/m=)
Horizontal 224.8 150.8 375.6

:. North 17.2 101.1 118.3 88.2

East 107.4 121.0 228.4 184.3
South 65.5 116.3 181.8 138.9
West 74.4 118.6 193.0 154.5

-=

NE 61.0 109.9 170.9 133.7
= SW 71.9 118.9 190.8 150.1

SE 100.9 121.0 221.9 176.0
NW 43.4 108,5 151.9 119.1

8 Dir. AVERAGE 67,7 114.4 182.1 143.1
EW/NS: 2/1 AVG. 150.8
NS/EW: 2/1 AVG. 132.2

Hours 8 to 18 (W/m2)
Horizontal 247.7 164.6 412.5

- North 16.7 109.5 126.2 94.4
East 102.2 128.9 231.1 185.4

South 71.5 126.8 198.3 151.7
West 83.0 129.7 212.7 170.2
NE 55.0 117.4 172.4 134.0

" SW 80.1 130.1 210.2 165.3z

4. SE 100.7 130.2 230.9 182.7
NW 48.4 118.5 166.9 130.7

z

8 Dir. AVERAGE 69.7 123.9 193.6 151.8
- EW/NS: 2/1 AVG. 159.6

NS/EW: 2/1 AVG. 141.3

Ali 24 Hours (W/M:_

Horizontal 114.9 77.0 19'_.9

North 8.8 51.6 60.4 45.0
East 54.9 61.8 116.7 94.1_

South 33.5 59.4 92.9 70.9

= West 38.0 60.6 98,6 78.9
NE 31.2 56.1 8/,_ 68.3
SW 36.7 60.8 97.5 76.7

SE 51.5 61.8 113.3 89.9
NW 22.2 55.4 77.6 60.8

= 8 Dir. AVERAGE 93.0 73.1

EW/NS: 3.5/1 AVG. 80.2
NS/EW: 3.5/1 AVG. 64.3
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TABLE 8-7. Values for Equivalent Temperature Difference (TDeq) In Thai Standard

Wall Density Ranges.of Solar Absorpitivity...... (a)
(kg/m2) 0 - 0.2 0.2 - 0.4 0.4 - 0.6 0.6 - 0.8 0.8 - 1.0

, , ,,,

0- 125 14 15 16 17 18

126- 195 11 12 13 14 15

> 195 9 10 11 12 13

TABLE 8-8. Parameters In Simulations of Thai Office Prototype

U. Ut

Run WWR a SC (W/m= - °(3) ON/m=- °C)

1 0.488 0.3 0.63 3.1 7.0

2 0.488 0.3 0.63 0.948 7.0

3 0.488 0.3 0.63 2.8 7.0

4 0.488 0.3 0.63 2,0 7.0

5 0.488 0.3 0.63 3.0 8.5

6 0.488 0.3 0.63 3.0 6.81

7 0.488 0.3 0.63 3.0 11.35

8 0.488 0.3 0.63 3.0 9.65

9 0.488 0.3 0.63 3.0 7.0

10 0.488 0.3 0.9 3.0 7.0

11 0.488 0.3 0.4 3.0 7.0

12 0.488 0.3 0.2 3.0 7.0

TABLE 8-9. OTTV. Coefficients for Philippine Hotel of Aspect Ratio 3.5:1

Orientation

North-South East-West

TD,q 5.1 5.6

DT 1.2 1.1

SF 55.7 66.4
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APPENDIX A

THE POLICY DEVELOPMENT PROCESS

This appendix describeseach of the six steps identifiedfor the policyproceduresinvolvedin developing
a first-timeenergystandard.These stepsalso couldapplyto refinementsto existingstandards,with some
modifications.The six steps are:

DECISION TO DEVELOP A STANDARD

The decision to develop an energy standard for buildingsusually originatesin governmentplanning
activitiesaimed at promotingthe efficient use of energy nationally. The benefits of such a policyare
discussedin greaterdepth in the body of this report,alongwiththe rationalefor usingbuildingcodes as
a vehicle for energyconservation.In somecases, however,the impetusmaycome fromm or be prompted
bym othersources,suchas concernedbuildingprofessionalor managementorganizations.The specific
actors and proceduresinvolvedin formalizingsucha decisionwilldependon the politicaland bureaucratic
structureof each country. Typically,one of two processesare usedto developbuildingenergystandards:

1. A government may have a standard developed, with review by representativesof affected
groups;or

2. A privatesector organization,such as an engineeringsociety, may developa standard, with
reviewby representativesof affected groupsand adoptionby the government.

In either process,the involved groupsremainthe same, whiletheir roles differ.

FORMATION OF A STANDARDS POLICY GROUP AND STANDARDS ANALYSIS GROUP

WithinASEAN, standardshave been developedusingtwo separate groups,a PolicyGroup and an
Analysis Group. Generally, some overlap in the membership of the two groups occurs. Typical
compositionand functionsof these groupsis discussedbelow.

Policy Group

The standardspolicygrouptypicallyconsistsof senior,highlyexperiencedprofessionalsdrawn from
both the public and private sectors. Normally, individualsare identified from within their respective
constituencygroupand serve on a voluntary(non-fundedor partiallyfunded)basis. Ideally, inadditionto
their technicalexpertiseand experience,suchindividualshave excellentcommunicationand collaboration
skills, for they tend to serve as informal channelsfor informationon standards developmentactivities.
Whether the standard itself is developed by the governmentor by a private sector organization, the
followingtypes of organizationsare typicallyrepresentedon the policygroup.

1. Government

• Administrators
• Technical Advisors

2. ProfessionalSocietiesand BuildingIndustryGroups

• Architects
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• Mechanical Engineers
• Electrical Engineers
• Illuminating Engineers/LightingDesigners
• Builders/Contractors
• Other Design Professionals

3. Building Owners and Managers

• From the Private Sector
• Fromthe PublicSector

4. Utilities

5. Manufacturers

• Energy-RelatedBuildingMaterials (glazing,insulation,etc)
• Energy-UsingEquipment(chillers,fans, motors,lighting,etc)

The main function of the policy group is to exercise collective judgement, based on individual
experience and expertise, in formulatingthe appropriatecontentsand implementationframeworkfor an
effective standard. Becausea buildingenergy standardinvolvesa complexof issues, includingpolitical,
economic,and socialconcerns,the standardspolicygroupwilltypicallyneed to be multi-disciplinaryin its
composition.

Analysls Group

The tasks of the standardsanalysisgroupare somewhatmore narrowlytechnical infocusthan the
tasks of the policygroup. Nonetheless,the analysisgroupalsoneedsto have a multi-disciplinecharacter.
Ideally, the minimumset of disciplinesthat shouldbe representedon the analysisgroupsare architecture,
lighting,andmechanicalengineering. Inputfromtheelectricalengineeringprofessionmayalsobe needed
for some analyses.

The main function of the analysis groupis to providetechnical and analyticsupportto the standards
developmentprocess,a responsibilitywhichtypicallyinvolves:

1. Carrying out buildingenergy surveys and audits to gather data on typical physicalbuilding
characteristics;

2. Collectingand organizingweather data;

3. Performingcomputersimulation-basedenergyand economicanalyses; and,

4. Reviewing proposed standards based on original research and/or standards used in other
countries.

The standardsanalysiscomponentis discussedin greaterdetail below.

The iterativenatureof the standardsdevelopmentprocessandthe linkagesbetweenthe policygroup
and the analysisgroupare graphicallyillustratedin Figure1-1. The workof bothgroupswillbe occurring
simultaneouslyfor muchof the processand it is likelythatthe groupswillshare key membersin common.
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DEVELOP CONTENTS OF STANDARD

Today, moststandardsdevelopmentwork consistsof review of existingstandards,and the adaptationof
the best partof these existingstandardsto localbuildingpracticesandclimateconditions.WithinASEAN,
a draft 'model" energy standard was developed in 1987 as part of the ASEAN-USAID BuildingsEnergy
ConservationProject. This draftwas baseduponthe lateststandardsdevelopmentworkin the US (inthe
form of early draftsof ASHRAE Standard 90.1-1989), as well as upon the Singaporeand more recent
Malaysia formatsand standards.

The policydevelopmentgroup begins to make specificrecommendationsas to the content of the
proposedstandard, usingan existingstandardor standardsas a =takeoff= pointand incorporatinglocal
environmentalconditions,indigenousdesign practices, resultsof buildingsurveys and audits, and the
existingregulatoryand institutionalframework. At the same time, decisionsor recommendationsmustbe
made concerningthe structureand organizationof the standard(eg., in the Philippines,the standardwas
dividedintotwo parts; one addressingbuildingdesign and one addressingoperation and maintenance),
and the scope of the standard (eg., which buildingsare to be covered by the code and which are not).
These recommendationswillbe reviewedand refinedthroughoutthe standards developmentprocess.

The preparationof each sectionof code generallyinvolvesthe followingsixsteps:

1. Selection of applicable criteria/guidelines from other available building energy
standards/codes,in ASEAN countriesthe followingcodesand standardshave served as
references:

• ANSI/ASHRAE/IES Standard90.1P - Energy EfficientDesignof New BuildingsExcept
Low-Rise ResidentialBuildings,Working Draft 88/3,
July 22, 1988.

• CIBS BuildingEnergyCode, Part 1 - GuidanceTowa,ds Energy ConservingDesign
of Buildingsand Services, 1977.

• CIBS BuildingEnergyCode, Part3 - GuidanceTowards EnergyConservingOperation
of Buildingsand Services, 1979.

• BuiidingEnergy EfficiencyStandards,1988; ed., California EnergyCommission.

• PhilippineSociety of MechanicalEngineersCode.

• ASHRAE Handbookof Fundamentals,1988 ed.

• ASHRAE Systems Handbook,1984 ed.

• ASHRAE EquipmentHandbook,1988 ed.

• ASHRAE HVAC Systems and ApplicationsHandbook,1987 edition.

• Handbookon Energy Conservationin Buildingsand BuildingServices, Singapore.

• Energy Conservationin New Buildings,Thailand, 1987.

2. Research into the rationale behindsome of the applicablecriteria/guidelines,especiallythose
questioned by the policyanalysis or other technical committees. This process may include
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surveysof the literature and consultation with professionalsin other countries.

3. Computationof the values to be incorporatedintothe standards. This step is likelyto involve
judgmentcallsandreasonableestimatesas well as straightforwardcomputation.The proposed
values should be refined and supportedby analyses utilizinglocal environmentaland design
conditions.Suchanalysesaretypicallyperformedwithcomputersimulations,suchasthe DOE-2
program.

4. Writingthe proposeddraft of the section.

5. Technical review and discussionwith the policyanalysis group and other consultants(in the
ASEAN case, Lawrence BerkeleyLaboratoryin the US has performedthis role).

6. Revisionand refinement.

PUBLIC REVIEW PROCESS

Once a draft standardhas been developed,and the supportinganalysisconcluded,then the typical next
step is to have the draft reviewedbythe variouspartiesthatwill use it or be impactedby it.This istypically
done via a "publicreview"process.

Experiencesuggeststhat it is importantto have thisreviewprocessbeginas soonas possiblewithin
the overallstandardsdevelopmentprocess. The benefitofan earlystart forpublicreviewisthat potentially
affected partiescan have inputbefore the provisionsof the standardappear "castin stone."This can allow
potentiallyaffectedparties to claim some "ownership"in the provisionsof the standard.

One informalwayto accomplishthisisto have membersof keypotentiallyimpactedgroupsparticipate
as membersof the policydevelopmentgroupthatestablishesthe contentsof the standard. Such members
are then in a positionto communicateinformallywith their peers about the proposedprovisionsof the
standards.

IMPLEMENTATION

Oncethe publicreviewprocessis completed,the standatdscan bepromulgatedandimplemented. Energy
standards may be implementedas voluntaryor mandatory requirements. Voluntary standardsmay be
disseminatedand implementedthrougha variety of informationchannels,both publicand private. For
mandatorystandards,two main implementationmechanismscan be used:buildingcodesor utilityhookup
programs.

Mandatory Implementation through Building Codes

The buildingcode route uses local buildingcode inspectionand permit enforcementmechanisms.
Effectiveuse of this implementationrouterequiresthat buildingcodeproceduresandpersonnelare already
in place; their role would be expanded to includethe new energy efficiencyrequirements. This is the
implementationmeans used in Singaporesince 1979 and in ali 50 states in the US, and it is the route
currentlybeing exploredby the otherASEAN countries.

Implementationmay involveenlistingexistingagenciesor authorities,and/or setting up new ones.
Effective implementationwill depend on effective enforcementand regulatorymechanismsand effective
educationof the designand constructionindustry(see below). A key factor in successfulimplementation
is likelyto be the availabilityof buildinginspectorsand officialstrained in performingenergy audits and
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utilizingcompliancetools such as computer simulationprograms. The precise mechanisms that are
mobilizedto implementa standardwillvaryaccordingto localresources,needs,andcustomaryprocedures.

Mandatory Implementation through Utility Hookup Programs

Standardscanalso bevery effectiveinreducingthe demandforpeakelectricpower. Becauseof this,
some new trends are occurringinthe US, relativeto implementationof energy standards. For example,
enforcementof standardsisbeginningto occurbythe utilityat "hookup"time, before the completedbuilding
is occupied. A numberof optionsare beingexplored,from energy-relatedhookupfees and rebates to a
lower energyrates for buildingsmeetingthe standard.

Such approachesmightproveattractivein developingcountries,where energystandardscouldhelp
to reduce the amountsof new, and very costly,electric'ty-generatingcapacity required,or help to free
existinggeneratingcapacityfor other uses. However,utilitiesin developingcountrieshave not expressed
interestinthis approach,and indeed mayresistthe implementationof suchprograms. One possibleroute
may be to establish separate, utility-fundedenergy service companies as a conditionof power plant
constructionloans. The servicecompaniesthusestablishedwouldhave authorityto enforceenergyhookup
standardsand responsibilityfor assuringthe energyefficiency of buildingsapplyingfor hookups.

TRAINING AND ASSISTANCE (GUIDELINES)

The enforcementof buildingcodes and standardstypicallyoccursat the local level. Thus, the ASEAN
countriesthat implementenergy standardswill need training programsfor buildingcode officials. Such
trainingprograms have been essential to the successfulimplementationof buildingenergy codes and
standardsin the developedcountries.

Trainingwillalso be needed for architectsand engineersto ensurepropercompliancewiththe new
standards. The effort willrequirethe publicationof guidelinesor manuals of recommendedpracticethat
can assistbuildingdesignersand code officialsto understandthe implicationsof variousenergystrategies
in specificbuildingdesignsituations. A trend inthe US is to providemicrocomputerprogramsto facilitate
the task of code compliance.

Providingproper trainingand assistance is criticalto effective use of the standard by ali parties
involved. Training mechanismsand toolscan include:

• General introductionto the implementationand impacts of the standards(aimed at decision
makers in the public and private sectors, includingpresent and future buildingowners and
administrators).

• Workshops for design professionals (both introductoryand detailed).

• Workshops for building inspectors and officials.

• Manuals of acceptable practice and guidebooks.

• Case studiesof appropriateapplications.

A number of manuals and tools exist as a result of previous training activities in various countries,
includingSingaporeand the US. These can provideresourcesfor use inthe developmentof localtraining
and assistancecoursesand materials.
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APPENDIX B

SUMMARY WEATHER DATA FOR MAJOR CITIES IN ASEAN
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APPENDIX C

DOE-2 INPUT FILE OF PROTOTYPICAL PHILLIPINE OFFICE BUILDING

$ !!!!!!!!!!!!II!I!!II!!!!!!!!!!!!!I!!!!!!!!!!!!!!!!!!!!!!!!!!!
$ ASEAN TYPICAL BUILDINGS TEN-STORY OFFICE BUILDING
$ BASE CASE RHFS SYSTEM
$ FILE NAME: PLO-ECOM.INP 3-06-90
$ !!!!!!!!!!!!!!!!!!l!!l!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
$ DOE-2 inputfile for Philippines bldg energy standardsstudy
$ Based on office prototypeused in Singapore/Malaysiastandards
$ studies& revised for the 1989 Philippinesstudyusingdata
$ from a Philippinesample of 26 office buildings
$ created:30 may 89
$ updated:29 jul 89
$ j. busch

$ Adapted for MicroDOE2.1D
$ adapted:3 mar 90
$ updated: 6 mar 90, 14 apr 90
$ j. deringer

TITLE LINE-1 *PHIL OFC PROTOTYPE - Manila83 - RUN 2*
LINE-2 *BASE CASE: EIR=0.27*

ii ltLINE-3 R-WALL=0.05;W-ABSORP=0.65;R-ABSORP=0.65
LINE-4 *WWR=0.49;SC=.88;GC=l.03;LITP&LITC=1.6 *
LINE-5 *T-COOL=74;INFIL=l ;STATIC=4.5;OA-RATE=20*

$ !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
$ INPUT LOADS
$ !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
INPUT LOADS ..

DIAGNOSTIC CAUTIONS ..
ABORT ERRORS ..

LOADS-REPORT

$ VERIFICATION = (LV-A)
SUMMARY = (LS-A) ..

$ SUMMARY = (LS-A,LS-C) ..

BUlLDING-LOCATION
LAT =14.5
LON = -121.
T-Z =-8
ALT =10

$ ATM-M = (1.3,1.3,1.3,1.3,1.3,1.3,1.3,1.3,1.3,1.3,1.3,1.3)
$ ATM-T = (.67,.67,.67,.67,.67,.67,.67,.67,.67,.67,.67,.67)

D-S = NO
AZ = 0 .. SManila$
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RUN-PERIOD JAN 1 1983 THRU DEC 31 1983 ..

$ t!!tt LOADS PARAMETERS _!!ttt!!!!!!t!t!!tltt!!!!!!!!t!!tllll

PARAMETER
R-WALL = 0.05 $ R-Value of wall insulation only: Base
W-ABSORP = 0.65 $ For Base
R-ABSORP = 0.65 $ For Base
WWR = 0.49 $ For Base
SC = 0.88 $ 1st run,1-pane, clear, no venetian blinds
GC = 1.03 $ for ali cases
OVERH-A = 5.8 $ Base
OVERH-W = 23.0
OVERH-D = 3.28
LFIN-A = 0.0 $ no fins on Base
LFIN-H = 0.0
LFIN-D = 0.0
RFIN-A = 0.0
RFIN-H = 0.0
RFIN-D = 0.0

LITP = 1.6 $ LightingPower, perimeterzones, EnergyIntensive
LITC = 1.6 $ LightingPower, core zone, Energy Intensive
INFIL = 1.0 $ Infiltration@ 1 ACH, for Energy Intensive

$ Other Parameters,defined, but not varied inthis set of runs
ORIENT = 0 $ BuildingOrientation.
COREAREA = 5181 $ Sets value forCore Area of building,alsosets Core

$ Volume, and Core Roof and FloorArea.s.
BRICKTH = .37 $ ThicknessOf BrickIn Extwall3
RCBEAMTH = .33 $ ThicknessOf Rc Beam In Extwall4
R-ROOF = 0.001 $ R-Value of roof insulationonly
EQUIP = 1.0 $ Equipment,in W/Sqft
SPACE-LITE = 1.0 $ Ratio: Heat Gain To Space From Lights
DAYLT-ON = NO $ Sets whether daylight in YES of NO in space cond
GRND-R = 0.20 $ Ground reflectivity
FM = 8 $ Numberof Typical Floorsexcl. top & ground

$ !It!! BuildingOperating Schedules,Occupancyt!tttt!!!!!tt!t
PEOP-OFFC-WD=D-SCH

(1,6)(0) (7,8)(.1,.2) (9,12)(.95)(13)(.50)
(14,17)(.95) (18)(.30)(19,22)(.10)(23,24)(.05)..

PEOP-OFFC-SAT=D-SCH
(1,6)(0) (7,8)(.1)(9,12)(.9)(13,17)(.1)
(18,19)(.05) (20,24)(0)..

PEOP-OFFC-SU N=D-SCH
(1,6)(0) (7,18)(.05)(19,24)(0)..

PEOP-OFFC-WK=W-SCH

(SUN) PEOP-OFFC-SUN (WD) PEOP-OFFC-WD
(SAT) PEOP-OFFC-SAT (HOL) PEOP-OFFC-SUN ..

PEOP-OFFC=SCH THRU DEC 31 PEOP-OFFC-WK ..

$...... LightingSchedule .....................................
LITE-OFFC-WD=D-SCH
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(1,5)(.05) (6,7)(.10) (8)(.3) (9,12)(.9) (13)(.8)
(14,17)(.9) (18)(.5)(19,20)(.3) (21,22)(.2)
(23)(.1) (24)(.05)..

LITE-OFFC-SAT=D-SCH
(1,6)(.05) (7,8)(.1)(9,12)(.9)(13,17)(.15)
(18,24)(.05) ..

LITE-OFFC-SUN=D-SCH
(1.24)(.o5)..

LITE-OFFC-WK=W-SCH
(SUN) LITE-OFFC-SUN (WD) LITE-OFFC-WD
(SAT) LITE-OFFC-SAT (HOL) LITE-OFFC-SUN ..

LITE-OFFC=SCH THRU DEC 31 LITE-OFFC-WK ..

$...... Infll_'ationSchedule .................................
INFILTWD=D-SCH (1,6)(1)(7,17)(0) (18,24)(1)..
INFILTSAT=D-SCH (1,6)(1)(7,12)(0)(13,24)(1)..
INFILTWEH=D-SCH (1,24)(1)..
INFILTWK=W-SCH (SAT) INFILTSAT (HOL)INFILTWEH

(WD) INFILTWD (SUN)INFILTWEH ..
INFILTSCHI=SCH THRU DEC 31 INFILTWK ..

$...... Window Management Schedule ............................
SHADE-MULT=SCH THRU DEC 31 (ALL) (1,24) (.75)..
TRANS-MULT=SCH THRU DEC 31 (ALL) (1,24) (.35) ..
CLOSE-SHADE=SCH THRU DEC 31 (ALL) (1,24) (40) ..
REOPEN-PROB=SCH THRU DEC 31 (ALL) (1,24) (.5) ..

$ !!ii! Materials and Constructions!!!!!!!!!!II!!!l!!!!!!!!!!!!
$ insulationis polystyrene,the thicknessof
$ which equals itsR-value x 0.02
INSUL = MAT COND=.02 DENS=I.80 TH=I.0 S-H=0.29 ..
$ ReinforcedConcrete (RC) Beam, 140 Ib concrete
RCBEAM = MAT COND=0.84 DENS=154.0 TH=I.0 S-H=0.2 ..
GLASS = MAT COND=0.614 DENS=161.0 TH=I.0 S-H=0.19 ..
BRICK = MAT COND=0.470 DENS=lI2.8 TH=I.0 S-H=0.20 ..
PLASTER = MAT COND=0.310 DENS=100.5 TH=I.0 S-H---0.20 ..
TILE = MAT COND=0.757 DENS=162.0 TH=I.0 S-H=0.21 ..

$...... Constructions.........................................
$ Ground Floor South & East Facade
$ (Two Tile ConstructionsNot Used In Base Case Bldg)
TILERCPLAS1 =LAYERS MAT=(TILE,AL11,RCBEAM) TH=(.039,1 ,.8125) I-F-R=0.68 ..
$ Ground Floor North Facade

TILERCPLAS2=LAYERS MAT=(TILE,AL11,RCBEAM)TH=(.039,1 ,.541) I-F-R=0.68 ..
$ Upper Floors South & East FACADES
GLASSRC=LAYERS MAT=(GLASS,AL11,INSUL,RCBEAM)

TH=(.026,1 ,R-WALL TIMES .02, .8125) I-F-R=0.68 ..
GLASSBRICK=LAYERS MAT=(GLASS,ALll,PL.h.STER,BRICK, INSUL,PLASTER)

TH=(.O26,1,.039,BRICKTH,R-WALLTIMES .02, .039) I-F-R=0.68 ..
CHBLOCK = LAYERS MAT=(PLASTER,INSUL,CB26,PLASTER)

TH=(.052,R-WALL TIMES .02,.5,.052) I-F-R=0.68 ..
BRICKWL = LAYERS MAT=(PLASTER,INSUL,BK01,PLASTER)
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TH=(.052,R-WALL TIMES .02,.3333,.052) I-F-R=0.68 ..
$6 inch concretedeck, air layer, and acoustictile
ROOFMAT = LAYERS MAT=(CC04,1NSUL,AL33,AC02)

TH=(.5,R-ROOF TIMES .02,.50,1,.039) I-F-R=0.68 ..
FLRMAT-GND=LAYERS MAT=(CC04,CP01) I-F-R=0.68 ..
$ FLRMAT modelshalf of the 4 inch thickfloorand thus avoidsdouble
$ counting(sinceeach zone has botha floor and a ceiling.)
FLRMAT = LAYERS MAT=(CC02) I-F-R=0.68 ..
CLGMAT = LAYERS MAT=(CC02,AL33,AC02) I-F-R=0.68 ..
PARTMAT = LAYERS MAT=(GP02,AL31,GP02) I-F-R=0.68 ..
$ Marble Tile Wall (Thick)
EX'I3NALLI= CONS ABS=0.58 ROUGHNESS=5 LAYERS=TILERCPLAS1 ..
$ Marble Tile Wall (Thin)
EXTWALL2= CONS ABS=0.58 ROUGHNESS=5 LAYERS=TILERCPLAS2 ..
$ Glass Wall With Brick
EXTWALL3= CONS ABS=W-ABSORP ROUGHNESS=6 LAYERS=GLASSBRICK ..
$ Glass Wall With Concrete
EXTWALL4= CONS ABS=W-ABSORP ROUGHNESS=6 LAYERS=GLASSRC ..
EXTWALL5= CONS ABS=W-ABSORP ROUGHNESS=6 LAYERS=CHBLOCK ..
EXTWALL6= CONS ABS=W-ABSORP ROUGHNESS=6 LAYERS=BRICKWL ..
ROOF1 = CONS ABS=R-ABSORP LAYERS=ROOFMAT ..
GNDFLR = CONS LAYERS = FLRMAT-GND ..
PARTITION=CONS LAYERS = PARTMAT ..
HALFLOOR= CONS LAYERS = FLRMAT ..
HALFCEIL= CONS LAYERS = CLGMAT ..

$........ Glazing .............................................
GLASS1 = GLASS-TYPE

S-C = SC
VIS-TRANS = SC TIMES .67
G-C = GC ..

$....... Set Defaults for ExteriorWall .......................
$ EXTWALL5 used for ali casesof insulationR-Value
SET-DEFAULT FOR EXTERIOR-WALL

H = 11.1
W = 92
AZ =180
CONS = EXTVVALL5..

$........ Set Defaults for Windows ............................
SET-DEFAULT FOR WINDOW

W = WWR TIMES 23.0
H = 11.0
G-T = GLASS1
MAX-SOLAR-SCH = CLOSE-SHADE
WIN-SHADE-TYPE = MOVABLE-INTERIOR
SHADING-SCHEDULE = SHADE-MULT
VIS-TRANS-SCH = TRANS-MULT
OPEN-SHADE-SCH = REOPEN-PROB
SUN-CTRL-PROB = .7

$ OH-A= overhangoffsetfrom upper left cornerof windowwhichis
$ reset withWWR since overhangrunsthe lengthof wall sectionor
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$ (23-(WWR*11.1"23)/11)/2
OH-A = OVERH-A
OH-D = OVERH-D
OH-W = OVERH-W
L-F-A = LFIN-A
R-F-A = RFIN-A
L-F-D = LFIN-D
L-F-H = LFIN-H
R-F-D = RFIN-D
R-F-H = RFIN-H

$....... Set Defaults for Space Conditions
SET-DEFAULT FOR SPACE

T = (75)
I-M = AIR-CHANGE
I-SCH = INFILTSCH1
A-C = INFIL
LIGHTING-W/SQFT = LITP $ Perimeter UghtingLevel
UGHT-TO-SPACE = SPACE-LITE
LIGHTING-TYPE = SUS-FLUOR
LIGHTING-SCHEDULE = LITE-OFFC
EQUIPMENT-W/SQFT = EQUIP
EQUIP-SCHEDULE = PEOP-OFFC
PEOPLE-SCHEDULE = PEOP-OFFC
ZONE-TYPE = CONDITIONED
PEOPLE-HG-SENS = 230
PEOPLE-HG-LAT = 190
DAYLIGHTING = DAYLT-ON
LIGHT-HEF-POINT1 = (11.5,10,2.5)
LIGHT-SET-POINT1 = 50 ;
LIGHT-CTRL-TYPE1 = CONTINUOUS
MAX-GLARE = 22

$...... Space Descriptions,Typical MiddleFloors.............
SPACE-NORTH-MI D=SPACE

X=92 Y=184 AZ=180 A=1155 V=12705 N-O-P=8 F-M=FM ..
EWL-NM1=E-W ..

WND-NMI=WINDOW X=0 ..
WND-NM2=Wl LIKE WND-NM1 X=23 ..
WND-NM3=Wl LIKE WND-NM1 X=46 ..
WND-NM4=WI LIKE WND-NM1 X=69 ..

IWL-NM1=I-W
I-W-TYPE=STANDARD A=233 CONS=PARTITION
N-T SPACE-EAST-MID ..

IWL-NM2=I-W LIKE IWL-NM1 NEXT-TO SPACE-WEST-MID ..
CLG-NMI=I-W I-W-TYPE=ADIABATIC A=1155 TILT=0 CONS=HALFCEIL ..
FLR-NMI=I-W LIKE CLG-NM1 TILT=180 CONS=HALFLOOR ..

SPACE-EAST-MID=SPACE X=92 Y=0 AZ=-90 A=2535 V=27885 N-O-P=16 F-M=FM

EWL-EMI=E-W W=184 ,.
WND-EMI=WINDOW X=0 ..
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WND-EM2=Wl LIKE WND-EM1 X=23 ..
WND-EM3=WI LIKE WND-EM1 X=46 ..
WND-EM4=Wl LIKE WND-EM1 X=69 ..
WND-EM5=Wl LIKE WND-EM1 X=92 ..
WND-EM6=Wl LIKE WND-EM1 X=115 ..
WND-EM7=Wl LIKE WND-EM1 X=138 ..
WND-EM8=Wl LIKE WND-EM1 X=161 ..

IWL-EMI=I-W I-W-TYPE=STANDARD A=233 CONS=PARTITION
N-T SPACE-SOUTH-MID ..

CLG-EMI=I-W LIKE CLG-NM1 A=2535 ..
FLR-EMI=I-W LIKE FLR-NM1 A=2535 ..

SPACE-SOUTH-MID=SPACE LIKE SPACE-NORTH-MID X=0 Y=0 AZ=0 ..
EWL-SMI=E-W LIKE EWL-NM1 ..

WND-SMI=WINDOW X=0 ..
WND-SM2=WI LIKE WND-SM1 X=23 ..
WND-SM3=WI LIKE WND-SM1 X=46 ..
WND-SM4=WI LIKE WND-SM1 X=69 ..

IWL-SMI=I-W LIKE IWL-NM1 N-T SPACE-WEST-MID ..
CLG-SMI=I-W LIKE CLG-NM1 ..
FLR-SMI=I-W LIKE FLR-NM1 ..

SPACE-WEST-MID=SPACE LIKE SPACE-EAST-MID X = 0 Y = 184 AZ = 90 ..
EWL-WMI=E-W LIKE EWL-EM1 ..

WND-WMI=WINDOW X = 0 ..
WND-WM2=WI LIKE WND-WM1 X = 23 ..
WND-WM3=WI LIKEWND-WM1 X = 46 ..
WND-WM4=WI LIKEWND-WM1 X = 69 ..
WND-WM5=WI LIKEWND-WM1 X = 92 ..
WND-WM6=WI LIKEWND-WM1 X = 115 ..
WNDoWM7=WI LIKEWND-WM1 X = 138 ..
WND-WM8=WI LIKEWND-WM1 X = 161 ..

CLG-WMI=I-W LIKE CLG-EM1 .o
FLR-WMI=I-W LIKE FLR-EM1 ..

$ CORE: core size is reduced by 4367 ft,?.from 9548 ft2/floor
$ due to uncond,space equiv, to xx.x% of tot tt area
SPACE-CORE-MID=SPACE

DAYLIGHTING=NO A=COREAREA V=COREAREATIMES 11.1
N-O-P=38 L-W=LITC F-M=FM ..

IWL-CMI=I-W LIKE IWL-NM1 A=682 N-TSPACE-NORTH-MID ..
IWL-CM2=I-W LIKE IWL-NM1 A=1694 N-T SPACE-EAST-MID ..
IWL-CM3=I-W LIKE IWL-CM1 N-T SPACE-SOUTH-MID ..
IWL-CM4=I-W LIKE IWL-CM2 N-T SPACE-WEST-MID ..
CLG-CMI=I-W LIKE CLG-NM1 A=COREAREA ..
FLR-CMI=I-W LIKE FLR-NM1 A=COREAREA ..

$ Top Floor ...................................................
SPACE-NORTH-TOP=SPACE

LIKE SPACE-NORTH-MID F-M=1 ..
EWL-NTI=E-W LIKE EWL-NM1 ..

WND-NTI=WINDOW X=0 ..
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WND-NT2=Wl LIKE WND-NT1 X=23 ..
WND-NT3=WI LIKE WND-NT1 X=46 ..
WND-NT4=Wl LIKE WND-NT1 X=69 ..

ROOF-NTI=ROOF TILT=0 CONS=ROOF1 H=15 W=77 ..
IWL-NTI=I-W LIKE IWL-NM1 N-T SPACE-EAST-TOP ..
IWL-NT2=I-W LIKE IWL-NM2 N-T SPACE-WEST-TOP ..
FLR-NTI=I-W LIKE FLR-NM1 .. "

SPACE-EAST-TOP=SPACE LIKE SPACE-EAST-MID F-M=1 ..
EWL-ETI=E-W LIKE EWL-EM1 ..

WND-ETI=WINDOW X=O ..
WND-ET2=Wl LIKE WND-ET1 X=23 ..
WND-ET3=Wl LIKE WND-ET1 X=46 ..
WND-ET4=Wl LIKE WND-ET1 X=69 ..
WND-ET5=Wl LIKE WND-ET1 X=92 ..
WND-ET6=WI LIKE WND-ET1 X=115 ..
WND-ET7=Wl LIKE WND-ET1 X=138 ..
WND-ET8=WI LIKE WND-ET1 X=161 ..

ROOF-ETl=ROOF LIKE ROOF-NT1 W=169 ..
IWL-ETI=I-W LIKE IWL-EM1 N-T SPACE-SOUTH-TOP ..
FLR-ETI=I-W LIKE FLR-EM1 ..

SPACE-SOUTH-TOP=SPACE LIKE SPACE-SOUTH-MID F-M=1 ..
EWL-STI=E-W LIKE EWL-SM1 ..

WND-STI=WINDOW X=0 ..
WND-ST2=Wl LIKE WND-ST1 X=23 ..
WND-ST3=Wi LIKE WND-ST1 X=46 ..
WND-ST4=Wl LIKE WND-ST1 X=69 ..

ROOF-ST1=ROOF LIKE ROOF-NT1 ..
IWL-STI=I-W LIKE IWL-SM1 N-T SPACE-WEST-TOP ..
FLR-STI=I-W LIKE FLR-SM1 ..

SPACE-WEST-TOP=SPACE LIKE SPACE-WEST-MID F-M=1 ..
EWL-WTI=E-W LIKE EWL-WM1 ..

WND-WTI=WINDOW X = 0 ..
WND-WT2=Wl LIKE WND-WT1 X = 23 ..
WND-WT3=WI LIKE WND-WT1 X = 46 ..
WND-_fr4=Wl LIKE WND-WT1 X = 69 ..
WND-WT5=WI LIKE WND-WT1 X = 92 ..
WND-WT6=Wl LIKE WND-WT1 X = 115 ..
WND-WT7=Wl LIKE WND-WT1 X = 138 ..
WND-W'r8=Wl LIKE WND-WT1 X = 161 ..

ROOF-WTl=ROOF LIKE ROOF-ETl ..
FLR-W'T'I=I-W LIKE FLR-WM1 ..

SPACE-CORE-TOP=SPACE LIKE SPACE-CORE.MID F-M=1 ..
ROOF-CT1=ROOF LIKE ROOF-NT1

H=72 W=COREAREA TIMES 0.01389 ..
IWL-CTI=I-W LIKE IWL-CM1 N-T SPACE-NORTH-TOP ..
IWL-CT2=I-W LIKE IWL-CM2 N-T SPACE-EAST-TOP ..
IWL-CT3=I-W LIKE IWL-CM3 N-T SPACE-SOUTH-TOP ..
IWL-CT4=I-W LIKE IWL-CM4 N-T SPACE-WEST-TOP ..
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FLR-CTI=I-W LIKE FLR-CM1 ..

$ Ground Floor ................................................
SPACE-NORTH-GND=SPACE LIKE SPACE-NORTH-MID F-M=1 ..

EWL-NGI=E-W LIKE EWL-NM1 ..
WND-NGI=WINDOW X=0 ..
WND-NG2=Wl LIKE WND-NG1 X=23 ..
WND-NG3=WI LIKE WND-NG1 X=46 ..
WND-NG4=Wl LIKE WND-NG1 X=69 ..

IWL-NGI=I-W LIKE IWL-NM1 N-T SPACE-EAST-GND ..
IWL-NG2=I-W LIKE IWL-NM2 N-T SPACE-WEST-GND ..
CLG-NGI=I-W LIKE CLG-NM1 ..
FLR-NGI=U-F A=1155 TILT=180 U-EFF=.028 CONS=GNDFLR ..

SPACE-EAST-GND=SPACE LIKE SPACE-EAST-MID F-M=1 ..
EWL-EGI=E-W LIKE EWL-EM1 ..

WND-EGI=WINDOW X=0 ..
WND-EG2=Wl LIKE WND-EG1 X=23 ..
WND-EG3=Wl LIKE WND-EG1 X=46 ..
WND-EG4=Wl LIKE WND-EG1 X=69 ..
WND-EG5=Wl LIKE WND-EG1 X=92 ..
WND-EG6=Wl LIKE WND-EG1 X=115 ..
WND-EG7=Wl LIKE WND-EG1 X=138 ..
WND-EGS=Wl LIKE WND-EG1 X=161 ..

IWL-EGI=I-W LIKE IWL-EM1 N-T SPACE-SOUTH-GND ..
CLG-EGI=I-W LIKE CLG-EM1 ..
FLR-EGI=U-F LIKE FLR-NG1 A=2535 ..

SPACE-SOUTH-GND=SPACE LIKE SPACE-SOUTH-MID F-M=1 ..
EWL-SGI=E-W LIKE EWL-SM1 ..

WND-SGI=WINDOW X=0 ..
WND-SG2=Wl LIKE WND-SG1 X=23 ..
WND-SG3=Wl LIKE WND-SG1 X=46 ..
WND-SG4=Wl LIKE WND-SG1 X=69 ..

IWL-SGI=I-W LIKE IWL-SM1 N-T SPACE-WEST-GND ..
CLG-SGI=I-W LIKE CLG-SM1 ..
FLR-SGI=U-F LIKE FLR-NG1 ..

SPACE-WEST-GND=SPACE LIKE SPACE-WEST-MID F-M=1 ..
EWL-WGI=E-W LIKE EWL-WM1 ..

WND-WGI=WINDOW X=0 ..
WND-WG2=WI LIKE WND-WG1 X=23 ..
WND-WG3=Wl LIKE WND-WG1 X=46 ..
WND-WG4=Wl LIKE WND-WG1 X=69 ..
WND-WG5=WI LIKE WND-WG1 X=92 ..
WND-WG6=Wl LIKE WND-WG1 X=115 ..
WND-WGT=Wl LIKE WND-WG1 X=138 ..
WND-WG8=Wl LIKE WND-WG1 X=161 ..

CLG-WGI=I-W LIKE CLG-WM1 ..
FLR-WGI=U-F LIKE FLR-EG1 ..

SPACE-CORE-GND=SPACE LIKE SPACE-CORE-MID F-M=1 ..
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IWL-CGI=I-W LIKE IWL-CM1 N-T SPACE-NORTH-GND ..
IWL-CG2=I-W LIKE IWL-CM2 N-T SPACE-EAST-GND ..
IWL-CG3=I-W LIKE IWL-CM3 N-T SPACE-SOUTH-GND ..
IWL-CG4=I-W LIKE IWL-CM4 N-T SPACE-WEST-GND ..
CLG-CGI=I-W LIKE CLG-CM1 ..
FLR-CGI=U-F LIKE FLR-NG1 A=COREAREA ..

$....... Building Resource ......................................
BUILDING-RESOURCE VERT-TRANS-KW=60 VERT-TRANS-SCH=PEOP-OFFC ..

END ..
COMPUTE LOADS ..

$ ***** INPUT SYSTEMS -_"_'_'_:::'_:'*'_'-'_-'--"_'_"*"__""
INPUT SYSTEMS INPUT-UNITS = ENGLISH OUTPUT-UNITS = METRIC ..
SYSTEMS-REPORT V=(SV-A)

S=(SS-A,SS-C,SS-I) ..
$ S=(SS-A,SS-C,SS-H,SS-I,SS-J,SS-K, SS-N) ..

$ Ii!!! SYSTEM PARAMETERS !!!!!!!t!!!!!!t!!!!t!t!!!!!!!t!!!t!t
PARAMETER

SYSTYP = RHFS
$ Hourly Temperature Schedule

T-COOL = 74
T-COOL-SETBAK = 99

$ Fan Control
MINCFM = 1.0
FC = CONSTANT-VOLUME
FANEFF = .60
STATIC = 4.5
NCC = STAY-OFF

$ Outside-air
OA-RATE = 20
OA-CONT = FIXED
MINAIRSB = -999.

$ EquipmentSizing
SIZERA = 1.0
SIZEOP = NON-COINCIDENT

$...... System Schedules .....................................
FS-1 = D-SCH (1,6) (0)(7,17) (1) (18,24) (0)..
FS-2 = D-SCH (1,24)(0) ..
FS-3 = D.SCH (1,6) (0) (7,12) (1)(13,24)(0)..
FW-1 = W-SCH (WD) FS-1 (SAT) FS-3 (HOE) FS-2 (SUN) FS-2 ..
FAN-1 = SCHEDULE THRU DEC 31 FW-1 ..
HEAT-1 = SCHEDULE THRU DEC 31 (ALL) (1,24) (0) ..
COOL.1 = SCHEDULE THRU DEC 31 (ALL) (1,24) (1) ..
MINAIR-1 = SCHEDULE THRU DEC 31 (ALL)

(1,6) (0)(7,8)(MINAIRSB)(9,17) (-999.)(18,24)(0)..
$ Temperature Schedule
OFC-SCH-C = SCHEDULE THRU DEC 31

(MON,FRI) (1,6)('I'-COOL-SETBAK) (7,17)(T-COOL) (18,24)('T-COOL-SETBAK)
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(SAT) (1,6)(T-COOL-SETBAK) (7,12)(T-COOL)(13,24)(T-COOL-SETBAK)
(SUN,HOL) (1,24)('I'-COOL-SETBAK) ..

$ Reset Schedule
DRESl=DAY-RESET-SCH OUTSIDE-Hl=90 SUPPLY-LO=45 OUTSIDE-LO=77
SUPPLY-Hl=55 ..

RESI=RESET-SCHEDULE THRU DEC 31 (ALL) DRES1 ..
$ ..... System Description .....................................
SET-DEFAULT FOR ZONE

ZONE-TYPE = CONDITIONED
OA-CFM/PER = OA-RATE
CFM/SQFT = 0.7
DESIGN-HF_AT-T = 72
DESIGN-COOL-T = 77
COOL-TEMP-SCH = OFC-SCH-C
T-TYPE = PROPORTIONAL
THROTTLING-RANGE = 2

SPACE-NORTH-MID = ZONE ..
SPACE-EAST-MID = ZONE ..
SPACE-WEST-MID = ZONE ..
SPACE-SOUTH-MID = ZONE ..
SPACE-CORE-MID = ZONE ..
SPACE-NORTH-TOP = ZONE ..
SPACE-EAST-TOP = ZONE ..
SPACE-WEST-TOP = ZONE ..
SPACE-SOUTH-TOP = ZONE ..
SPACE-CORE-TOP = ZONE ..
SPACE-NORTH-GND = ZONE ..
SPACE-EAST-GND = ZONE ..
SPACE-WEST-GND = ZONE ..
SPACE-SOUTH-GND = ZONE.,
SPACE-CORE-GND = ZONE ..

$ System Control
SCONTROL-1 = SYSTEM-CONTROL

MIN-SUPPLY.T = 55
HEATING-SCHEDULE = HEAT-1
COOLING-SCHEDULE = COOL-1

$ System Fans
SFANS-1 = SYSTEM-FANS

FAN-SCHEDULE = FAN-1
FAN-CONTROL = FC
N-C-C = NCC
SUPPLY-STATIC = STATIC
SUPPLY-EFF = FANEFF

SYS1 = SYSTEM
SYSTEM-TYPE = SYSTYP
SYSTEM-CONTROL = SCONTROL-1 $ System-controls
MIN-AIR-SCH = MINAIR-1 $ System-air
OA-CONTROL = OA-CONT
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SYSTEM-FANS = SFANS-1 $ System-fans
SIZING-RATIO = SIZERA $ System
SIZING-OPTION = SIZEOP
MIN-CFM-RATIO = 1.0 $ System-terminals
RETURN-AIR-PATH = DUCT
REHEAT-DELTA-T = 0
ZONE-NAMES = $ System-zone
(SPACE-EAST-MID,SPACE-EAST-TOP,SPACE-EAST-GND,
SPACE-NORTH-MID,SPACE-NORTH-TOP,SPACE-NORTH-GND,
SPACE-SOUTH-MID,SPACE-SOUTH-TOP,SPACE-SOUTH-GND,
SPACE-WEST-M ID,SPACE-WEST-TOP,SPACE-WEST-GND,
SPACE-CORE-MID,SPACE-CORE-TOP,SPACE-CORE-GND)

e,

PL1 = PLANT-ASSIGNMENT SYSTEIvI-NAMES = (SYS1) ..
END ..
COMPUTE SYSTEMS ..

$ * INPUT PLANT "_'_;"_;"_'_'_'_;"_'_'_'_'_'_-"_-'_'_"___
INPUT PLANT INPUT-UNITS= ENGLISH OUTPUT-UNITS= METRIC ..
PLANT-REPORT

V = (PV-A)
$ S = (ALL-SUMMARY) ..

S = (PS-A,PS-B,BEPS) ..
PL1 = PLANT-ASSIGNMENT ..

$ !!!!! PLANT PARAMETERS !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PARAMETER

IN = 2

CTYPE = HERM-CENT-CHLR $per Philippine database
EIR = 0.27 $ for Base Case

$...... Plant Description ....................................
CHILLER = PLANT-EQUIPMENT

TYPE = CTYPE
SIZE = -999 $ chillers & towers autosized
I-N = IN
M-N-A = IN ..

PART-LOAD-RATIO
TYPE = CTYPE
E-I-R = EIR ..

PLANT-PARAMETERS
TWR-DESIGN-WETBULB = 82 ..

END ..
LIST NO-ECHO ..
COMPUTE PLANT ..

STOP ..
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APPENDIX D

o'n'v. ANALYSIS METHODS

Seven separate studieshave been conductedin the ASEAN region sincethe early 1980s in an effortto
improveon the accuracyof the originalOTI'V. equationandto simplifycomplianceprocedures. Virtually
ali of these studies have used variationsof the same analysismethodology,which involvesconducting
parametriccomputersimulationsof the annual energy impactsof envelopefeatures. We brieflydescribe
the main features of this methodology,and the optionsavailable,as a contextfor the descriptionsof the
ASEAN studiesin the text of the report.

A word of cautionseems appropriatehere. Parametricenergysimulationsand regressionanalyses
of the parametricresultsare powerfulnew toolsbeing appliedto buildingenergy studiesin general, and
more specificallyto energystandardsand OTTV. analyses. However,becauseof theirvery power,these
tools can easily be misused, and have been. Improperlyconceivedor executed studies can produce
resultsthat make statisticalsense but do not reflect reality,or reflectonly part of reality. To avoid such
pitfalls,each step in the processneedsto be carefullydone and checked. A guide to assurethat results
are useful (and used) is that equationformats, variables and their ranges, regression coefficients,and
resultsshouldali "make sense"to thoughtfulbuildingdesign professionals.

Figure 8-1 showsa general nine-stepprocessthat can be used fordevelopingor refiningthe OTI'Vw
equation,giventhe startingrequirementsof a simulationtool,climatedata, andreference building. Ineach
of the nine steps, validand reasonablechoicesamong optionsare available;the selectionamong these
choice will influence the nature and type of results obtained from the analyses. As we have seen in
discussingthe ASEAN studiesin the text of the report, a considerablevariety of approacheshave been
taken. Various analystshave made differentchoicesthat have produceddifferentresults.

DETERMINE VARIABLES AND RANGES

The variables to be examined and their rangesmust be selected. There are two basic choices: 1) the
analysiscan be limitedto onlythose variablesin the originalOTTVwequation,or 2) new variablesmight
be consideredto be addel! to the equation. This choicecan havean importantimpact upon results. If a
variable is not examined, its value will not be varied in the parametricanalysis, and its impact will be
invisibleto the regressionequationsthatresult. The resultingregressionequationsmaystilldo a very good
job of explainingthe impactof the variablesthat have been examined.

Duringthe 1980s, US and ASEAN studieshave added twodifferentvariablesto OTTV.-like equations
for external wall thermal performance. In the US, a heat capacity term, HC (Btu/ft=°F),has been added
to the new external wall system performanceequationsincludedin ASHRAE/IES Standard90.1-1989, in
orderto accountfor thermalmasseffects." InASEAN, an HC termwas not added because itseffectswere
found to be negligibleinthe ASEAN hot, humidclimate. Butstudiesin Malaysia,the Philippines,Indonesia
and Singaporehave added a solarabsorptivityterm, (_,in orderto accountforthe impactof solarradiation
on vertical opaque surfaces. The US study did not examine the absorptivityQ term, and two ASEAN
studies, in Thailand and Singapore, used the original form of the OT'I'V. expression, which did not
incorporate(z.

" These equationsare describedin Attachment8B to Section8 of Standard90,1-1989, and references
related to their developmentare listedin Attachment8D to Section8.
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Proper choice or ranges for variables can also impact study results. For example, an early OTTVw
study in ASEAN [8] examined solar absorptivity (a) over a narrow range, and concluded that a had little
energy impact. A later ASEAN study [22] used a broader range of cx;this study concluded that _ had
sufficient impact to warrant adding the variable to the original OT'I'V. equation.

DETERMINE FORM OF EQUATION FOR NEW VARIABLES

This is an optionalstep, needed only if it has been decided to add one or more new terms into the
equation. These new variablescan be insertedindifferentways to form alternatenew equationformats.
The new equationformatsused shouldbothmake sense in physicalterms and producegood statistical
resultsfromthe regressions. Independentanalysescanhelpto determinethe mostappropriateway to add
the new terms. An example of suchan analysiswas discussedin Chapter8 as partof the ASEAN study
for the Malaysianstandard.

DETERMINE SOLAR FACTOR

The solarfactor is an importantelementof the OTI'V method, lt can be determinedas an outputof the
regressionanalysesperformed,or it can bedetermineddirectlyfrom calculationsperformedusinghourly
solar data. The solar factor determinationhas been discussedabove in Chapter 3. Various ASEAN
OTI"V,, analysesdiscussedin Chapter8 have used bothmethodsfor generatingsolarfactors.

ANALYSIS OF BUILDING

The analysiscan be for the energy resultsof the buildingas a whole, or for separate energyresults by
external zone. The analysisusingenergyresultsfor the buildingas a wholeis simpler,but imbedsinthe
resultsobtainedboth the moderatingeffectsof internalzone(s) that have no externalwall exposuresand
the implicitimpactsof the geometry ofthe referencebuildingused. AliASEAN studiesusedthisapproach,
and incorporatedorientation impactsvia solar factor adjustmentsby orientation. This contrasts,for
example,withUS analysesfor ASHRAE/IES Std 90.1-1989 that useda singlefloorof a prototypebuilding,
withresultstabulatedseparatelyfor each externalzone, forthe four cardinalorientations(N, E, S, andW).

SELECT SET OF PARAMETRIC RUNS

This is a criticalstep in the process,and choicesmade can radicallyinfluenceresults. On the one hand,
one seeksto minimizethe numberof parametricruns,bothto reducecomputationtime andto reducetime
and effort to manage and analyze the results. On the otherhand,sufficientrunsmustbe made to isolate
the affectsof each variableover its range,to examinepotentialnon-linearities,and to examinethe effects
of interactingvariables upon each other. Too few runs will not permit adequate examinationof each
variable. Too many runsclusteredina small part of a variable'srange can weightresultsto performance
in that range.

This type of parametricapproachhas been usedfor externalwall parametricsfor ASHRAE/IES Std
90.1-1989, and for the Malaysia, Philippines,and Indonesiastudiesdiscussedin the text of the report.
Another approachis to use judgmentin selectingcombinationsof values of variables for the parametric
simulations. This approachwas used in two ASEAN studiesfor Singaporedescribedin the text [8,9].

SELECT OUTPUT PARAMETERS

The selection of simulationoutput parametersto measure results is determinedin large part by the
objectivesof the studyand by howthe envelope requirementsare to be integratedwithother elementsof
the energy standard. A number of choicesare available here.
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Type of Load

For example, the type of load can include,for the whole buildingor by orientation:

• A peak load

• An averagedannual load

The choice here involvespolicyobjectivesmore than technicalones. If the primaryobjectiveis to
make more efficient use of energy, then the average annJal load is the likely choice. If the primary
objectiveis to minimizethe constructionof costlynew electricalpower generatingcapacity,then peakload
is the likely choice. For changes in most envelope parameters, there is a high degree of correlation
between the magnitude of change in peak load and averaged annual load. For the various ASEAN
parametricstudies,the averaged annual load was chosen.

Point of Measurement

The load can be measured at differentpointsin the simulationprocess:

• Envelope load on the HVAC distributionsystem

• Envelope load impact on the HVAC conversionequipment,includingthe loads imposedbythe
HVAC distributionequipment

• Total buildingHVAC peak or energy, includingloads imposed by both HVAC distributionand
conversionequipment.

The variousASEAN studieshave used either the firstor second choicesfor measuringresults.

In ASEAN, there is no benefit to includingHVAC equipmentconversion(thirdchoiceabove) in the
analysis. Only coolingis considered,and virtuallyali coolingconversionequipmentis electrical." Since
most energy standardsincludea separate sectionthat specifiesefficiencyrequirementsfor the HVAC
conversionequipment,there is no need to includethisportionin the envelopeanalysis.

Consistentwiththefirstchoiceabove, the originalASHRAE and SingaporeOI-I'V,, equationsapplied
to cooling loads, estimatingonly the load transferredthroughthe envelope to the interiorspaces. As a
limitingvalue in setting;_ star_dard,this approachto the OTTV,, did not explicitlyincludethe ventilation
loads resultingfrom envelope heat gains.

Variationinenvelopeloadscan have substantialimpacton ventilationrequirements. If largeamounts
of heat enter a space throughthe buildingenvelope,enoughof the heat mustbe extractedfromthe space
to maintaincomfortconditionsduringthe building'soccupiedperiod. This can substantiallyincrease the
ventilationload as the envelope load increases. A question becomes whether it is appropriate,when
analyzing the parametersfor the OT'I'V,, to includethe fluctuationsin the ventilationloads in examining

" In climatesfor which bothcooling and heating are to be includedin the analysis, considerationof
conversion equipment can be important to the study design. Some US residential envelope
standards,for example,contain differentenvelope criteriafor housesheated withgas or oil than for
houses heated electrically,since bothenergy resultsand costs differsubstantially.
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the results of the analysis.

A number of studies have included these loads, by using the output from DOE-2 that includesthe
loadson the chiller. Such studiesincludethose for ASHRAFJIESStandard90.1-1989, and severalof the
recent ASEAN studies(see Chapter8 of this volume).

PERFORM SIMULATIONS AND REGRESS=ONS

This is actually the most routineof the steps,yet will consumethe mosttime in the analysis. This step
does not involvethe kindsof choicesthat will impact the energyresults.

SELECT EQUATIONS AND COEFFICIENTS

Selectingan appropriateform of the OTTV equation is an applicable step only if considerationis being
given to adding, changing, or deleting terms from the equation to improve accuracy or to simplify
compliancerequirements. Compliancesimplificationsweresuggestedfor SingaporebyTuriel et al. [8],but
not adopted. Malaysiahas adopteda simplifiedformof the equationwiththe fenestrationconductionterm
deleted. Otherwise, this step is limited to selecting appropriate coefficientsfor the various terms in the
equation.

SELECT STRINGENCY LEVEL FOR THE OTTV. CRITERIA

Once the OTTV, equationand coefficientshave been determined,the laststep is to choosea stringency
level for the proposedstandard. This is a policystep that is probablybest done by the designatedpolicy
committee,withinputfromthe technicalgroup. The processthathas been typicallyusedisto selectvalues
for each of the parametersin the equation that together will represent a minimum level of acceptable
practicefor the buildingtype(s) covered. Insertthesevaluesintothe equationand determinethe resulting
OTTVwvalue. This value (representingthe selectedbuildingdesignfeatures) then becomesthe required
minimumOTTV, valuefor the standard. Alternatively,severalreasonablesetsof valuescanselected,and
the OTI'V, equationsolved for each set, and the requirementvalue selec"_'dbased upon review of the
combinedset of solutions.

An option would be to select the OTTV,, requirement level based upon cost-effectivenesscriteria."
This approachis attractiveand has a numberof positiveattributes. However,we are notaware of itsdirect

use to date in settingan OTTVwrequirementlevel. This is probablybecause of the followingissuesrelating
to window-to-wallratio (WWR).

The constructioncostof a squaremeter (ft=)of fenestrationinvariablycostsmore thana squaremeter
(ft=) of opaque wall surface,and the heat gain throughthe area of the fenestrationis greater than through
the opaque surface. Thus, without daylightingto reduce electric lightinguse, the most cost-effective
amount of glazing is no glazing at all. Some judgmentmust be exercisedto determinean appropriate
amount of glazing to use as a base case. Data for the Philippinessuggestsa WWR -- 0.50 for large
offices. Availabledata for the US (Northern Californiaonly) indicatesfor highriseoffices about40% WWR
averagewithstandarddeviationof over20%. Otherbuildingtypes appearto have averagesof about20%,
with standard deviationin the 15 to 20% range.

° Cost-effectiveness isusually incorporated indirectlyin the judgment usedto setthe requirementbased
upon a set of buildingfeatures.
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