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ABSTRACT

Under the circumstance of rapid development, problems like energy consumption,
carbon emission and quality of living issues inir@hhave emerged in recent years.
Housing has demonstrated tremendous potential to ptagjar role in the reduction of
carbon emissignto gain a balance between reducing carbon emission and meeting
increasing demand. Good natural lighting is irreplaceable in improving tHeyogof
housing and meetingeeds of the residents. 0% it is neessary and insightful to
evaluate natural lighting of housifigm the perspective of carbon emission reduction.

The research approach includesfaspects: literate review, software simulation
guestionnairesurvey empirical researcland case studyrhis researchaims to identify
the role and significancef natural lighting of housing has on carbon emission, to
establish a connection between them and to reveal their relationships to improve the
overall quality of housing and realize eneggyving prirtiples and carbon emission.

This dissertation wilprovethat appropriate natural lighting of housing can achieve
a balance imatural lightingquality, energy consumption and carbon emissions
promising thatthis research can provide references and ideagh®igovernments,
desgnersand developers tompact future decisions that will help to create high quality

housing and reduce carbon emissathe same time
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CHAPTER 1 INTRODUCTION

1.1 ResearctBackground

With the further transformation of China'development, energy saving aodrbon
emission reduction has gradually become the key word since tfwstt€entury. On the
one hand, with the rapid progress of science and technology, innovative materials and the
promotion of the concept of green ecology, low carbomnssionhasbecome hotopics
and research frontiers in various industries. On the other hand, with the continuous
development of thenew eraand the improvement of people's living standard, the
residential building the type most closelyelated to people's daily lifats evalation
standards are also risinglowever,from the traditional point of view, energy saving
carbonemission reduction and pursuit of quality seem to be at opposite ends of the
balanceThe key point to solve this problem is to chase the perfect balahwedn them
by analyzing and evaluating their pros and cons.

From the perspective of energgnsumption and carbon emissidhis affected by
many factors.And design often plays a decisive rolas a prealecision phasen the
construction industry chaimd becomesan important part of materializatiai buildings
anddaily use in thewvhole period The result can be much better if vede the concept of
energy saving andarbonemisson reductioninto consideration othe early desigphase

of residentiabuildingsand use it aanimportart design basis and standdad evaluating



From theperspectiveof improving quality of residential buildingsincluding lighting
condition it is not only thedesire driven by the architediut also the common pursuwit
every partyrelated to Thus how tocontrol the design process of residential building

through rational thinking becomes the key to solve the problem.

1.1.1The Status Quoof ResidentialNatural Lighting Design in China

The developmentbf residential busing hasgone throughmany stages, in recent
decadeswith the establishment and implementatiorboth national and local housing
related energy saving standaptomulgated and other mandatmgdes And residential
design conforms to reflect fumehal practicability and econam efficiency, the main
designtrend. Howeverat the same time, architects do jut stick to thisthought;they
are desiredo create residential building with higher quality more than juseing the
basicstandard for residential buildingDesign ideas are updatednstantly advocating
betteruser experience amdorehumancareaspects

Thesedesign concepts, advocatingliving quality, user experience and huncame,
make residential buildingscold artificial prodicts become morghumarzed, also
maketheresidentiab ui | di ngs truly become ,fiithtbemea n e
of t he 1 n.Betit is Ureleniablentmtsthesidential buildings in the city are
losing the connection to the natlrecaisethey have to be built in a higher density way
in order to facing the lack of land.hiB situation makes theeeds for dialogues with

nature elements much more urgent for ibgdentialbuildings. As we all knownatural



light is one of thenexhaustible energyApart from thattransparent windowand other
building components that can let light come in can alsoaden the horizons amdake
the oundary between inner and outer spaces ftegd. All those advantagemake
natural lighting beome one of the main concerns for design of residential builiding
recentchina According to he present situation of our countrybanresidential lighting
designhastwo potential problems to be solvedne isthata considerable part of the
residental lighting designonly aims at meetingthe basiccodes while the other ighat
some emphasis too much on user experientteout weighing rational analysis to guide
the design. Both of thesespectanake the actuadituationafter the canpletion of the
residentiabuildings may nomeet the design expectations and original deggjon, and
bring someproblems related texperience and energy consumptiaich needs to be

furtherstudied

1.1.2 TheSignificance of Natural lighting in Residential Building

Natural lighting, which isnot only an importantdesign element in residential
environment, but alsan irreplaceable paim the existing residential evaluation sysiem
includes arrangement, distance control for buildings and so on in residential district
planning level as well aselfocclusion window forms, units design in residential
building design level.

The relationship between the natural light and the residemiidding hasalways

been inseparablsince housingwas created. The natural lighine of the fewnatural



elements that could interact with buildinggves much more feelings or sensations to
usersand gives more meaning or significance to residential buildFigst. of all, natural
lighting ensures and improves the functionality of hloeising Human activities depend
largely on vision as a medium, amgbpropriate lighting just provides an appropriate
environment fo the normal use ofisers. At the same time, tneal lighting not only
meets the functionality of the basised but also providea visual comfortthat cannot

be places byartificial lighting, which includesquality and quantityas two aspectsIn
terms of quality, the visual efficacy curve mdtural lighing is generally better than that

of artificial light in everyenvironment settingFigure 1.1), and compared with the latter,
the naturalight is harderto cause visual fatigue and discomfamdin terms of quantity,

the numerical ohatuil lighting in most cases can meet the normal activities required for
illumination due to itslighting source aresunlight and skylightin addition, natural light
can ofternoffer a certain degree of pleaswginteraction with nature intimacy to users as
psychological experiencapart fromthat, it also can bringskome psychological sense of
stability and a sense of warmtibh usersbecause of its warraolor andmake the house
become a place withvarm atmosphere. Thus, natural lighting has an irreplaceable

functional significance for housing.



Figurel.1Visual efficacy curveof natural light and artificial light

Source Architecture Physics

1.1.3 ContextSwitching from Energy Saving to Carbon EmissionReduction
The time wherChina began to introduanergy savingsa design indexlates back
to the late 90s.The energysaving design standardsidely used in the building
construction industryor sustainable design we largelybased on theodes focused on
saving electricity. Whilghe carbon dioxideemissionsa representative of ttggeenhouse
gashas become aew sustainable indexnder the current circumstan@end the concept
of carbon emissiomeductionis permeatednto differentindustry stageof almost every
subject nowadays.From the perspeise of dimension, carbon emissios a
comprehensive indexvhich covers the whole life cyct# buildings, it transfers the view

of simply saving energy consumption t@duce greenhouse gas emissionsain



comprehensiveperspective. It is armnevitable trendfor the evaluation of sustainable

developmenof architectue and othesubjects

1.2 Purpose andSignificance of This Research

The main purpose of thieesearch is to studthe relationship between lighg
design and carbon emissiaof residential housing. The formeesearch and past
experiencehave showrhatthe goodresidential lightingconditionand energy saving in
hot summer and cold winter araee two sides of one cqithey cannot be achieved both,
which means improvingaturallighting conditionwill bring moreenergy consumptiom
daily use.Neverthelessstudy on the outcomes of different desigmethods of natural
lighting from boththe perspective of carbon emissi@ductionandlighting quality may
bring a new understarmdj of how exactly they affect each other and design guidelines

about how to achieve goal of pursuing sustainable and high quality in the future design.

1.3 ResearctM ethods

The major methods adopted in this research include relevant theswgrchand
literaturereview, software simulation, questionnaire survey, empirical anabhasged on
case studies and so.on

The related theorgesearch and literature reviemethodis mainly through thestudy
of former related researchesming to understand thdevelopment ofesidential lighting

design andboth domestic and foreigresearch statugo help form the structure and



importantideas of this research; softwasenulationis applied tosimulatehypothetical
lighting and carbon emissiosituatiors acording to different settings ofariables by
using following software developed in China, which are PKPDaylight and
PKPM-PBECA questionnaire survey method is combined with teel residential
buildings chosen to be studied in this reseansled to gther the responses and related
information from the residents targeted residential housing projeampirical analysis
is based on case studits analysis and conclude their key points of design on lighting
guality and sustainable aspects as impogapporting materials.

The application of the methodeentioned abovés not completely independent
they have connections to each other and they work together to makesbacha

complete and comprehensive study on this chosen topic.



CHAPTER 2 THEORETICAL RESEARCH AND LITERATURE
REVIEW

2.1 Related Studieson Natural Lighting Design ofResidentialHousing

The study of residential lighting design in China approximately began after the
worldwide energy crisis in the last century, accompanied by the general awakening of the
design consciousness in the architectural design induséne are some examples of
related studies showing the whole research background of this field.

By summing up the lightinglesign of residential housing in western European
countries,Sun Ming (1987) proposed that the demand and subjective evaluation of the
residents are more important than the lighting factor of single horizontal surface. He also
emphasized that residential lighting design shdale the requirements ofision and
landsc@e, sunshine anlighting condition these three aspects into consideratmmg
Zhonglie (1992) put forwardhis idea that the lighting design should us@amic sky
conditions for calculationEnteringthe new century, with the new residential lighting
specifications and the impteentation of energy savingormsand codesas well as the
application of computeaidedsimulation technology, the vision and depth of studies on
residential lightingdesignare enhancetty a great marginLi Defu and Zhu Minmin
(2000)appliedcomputer simulatiotechnologyto study the natural daylighting design of

residential buildings in Beijing and concluded the impact ratio of residential balesnies



30%. RanMaoyu (2000) usedthe lighting coefficient as the main lightireyaluation
index, explored the minimum window ar@ad the windowwall ratio in residential
buildings and proposedhat lighting design ofesidential building should be controlled
with the minimum window ared.i Baofeng(2004) arguedhat the "changeablgart of

the architecturalacadegkin has the potential to meet the totally different requirements of
both winter and summert can solve the energgaving and lighting problem of
residential buildingsn hotsummer and colavinter zones The possibilityof applying
passive solar energy in hot summer and cold winter area in Gleirediscussed based
on "changeable design strategydncept Jia Dongming (2006) proposedome ideas
including changingthe windowwall ratio to mandatory requirementssing sirgle room

as a unit rather than an average unit of the room when calculating the \ivadoratio;

bay window should not be used tihe roomfacing north;low bay windows andull
windows should not be appliedJiao Yanghui (2008) systematically studiednd
concludedhedevelopment oénergysaving windows in the hatumme and coldwinter
area In his research, Zhanyj (2009) discussedhe ways and tactics for the active and
passive utilization of natural light in residential aralmgthe Yangtze Rierregion the
central part of China. Through detailed investigation and study on the utilization of
sunlight in houses in four major cities along the Yangtze Rikierstudy écusdon four
aspects includingingle unit graphic design, the use of ndtlight and balance between

thelighting, heat insulation ankkeeping warmtho explore residential design methads



depth ZhangBin (2010) studied how to integrate different design requirements into the
initial design stage to make a comprehensive demation so as to achieve optimal
design. Through the use of the "midyt average illuminance" indexthe effect of
window form on indoor lighting coefficient distribution arehergy consumption of
building equipment was studied by software simulation pektifhe concept of "lighting
energyefficiency" was raised as a new index to evaluate the condition of lighting and
energy savingXie Hao (2011)discussedomeissues that should be paid attention to in
natural lighting design of modern residah buildings including indoor light
environment distribution, lighting tbaiques and related requiremenBan Weifeng
(2015) used Ecotect software to conduct a passive optimization based on software
analysis of a residentidistrict in Nanjing.

Compared to dosstic studies, foreign researches fooogre on the qualitative
analysis of the physical environment and users. Koster (2007) studied the basic principles
of lighting, the relevant physical lawte main technical means of operatemd their
functionsbased on that periodAnd he alsaliscussed theeconomic factors. Peter (2014)
pointed out that householdscha subjective tendency toward the effects of residential
lighting; different natural lighting will bring different orientation and sensory expege
it was difficult to specify single and physical parameter indicatonseflect the lighting
conditions;proposed residential design shoulccdme a subtle, a complex staie his

own research
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Existing relevant researelinclude the research methods of software simulation,
case analysis and empirical researcHiscusshe energysaving, experiencef userand
aesthetic considerations of residential lighting design, which have been relatively. mature
However, there are few studs focused on residential lighting design and dynamic
assessmeritom the perspective afarbon emission reductipso thisresearch would be

an implemenandmake some contribution in this field.

2.2 Theories andStandards of Carbon Emission

In the fieldof carbon emissionmany foreign developed countries have formed a
variety of mature systems based on many years of theoretical and engineeringspractice
and exploratioa The weltknown green building evaluation system is a representative
example. Thesexesting research frameworks provide a strong foundation and support to
this study. Among them, the most credible evaluation system in the world includes Life
Cycle Assessment (LCA), Ecological Footprint and LEED in United States.

China started its own remeh on carbon emission area just recently. In 2002, China
promulgated th&nvironmental Managemedtife Cycle Assessmeritife Cycle Impact
AssessmentGB/T 240201999). This national standard was a translation version of the
international standard ISO 14Q. In the field of building construction, our country
adopted the Low Carbon Building Method as the main standard to evaluate the carbon
emissions. After then, in 2014, China has formally implemented the fgatbon
emissions calculation standa®tandad for Measuring, Accounting and Reporting of

11



Carbon Emissionfrom Buildings (CECS 3742014) which combined the ISO
international standards and took actual situation of construction industry characteristics in
China into considerationt was based othe LCA systemand providé a theoretical

basis for calculatingur building constructiordata.

Life Cycle of Residential Building

Production and
Transportation
of Materials

|

Building
Construction
Process

>

|

Daily Use and
Maintenance

|

Dismantling
Decomposition
Recycle

Figure2.1 LCA of residential building

Source Author

One focus of this researchtise changes of carbon emissions in the whole litdec
caused byesidetial lighting design strategies

The database of the calculation processafbon emission in thisesearchmainly
includes two partsThe first one is the database of Eco Calatdr for Residential
Assemblies, based on LCA, whichdsveloped by AthenauStainable Materials Institute.
Its data includes amount of GWP (Global Warming Potential) values, presente¢ as CO
equivalent figures ofrelated materials and components fromaterialization to
construction demolition and recyclingstages The other oneis based on the
energysaving design softwaréKPM-PBECA developed by Chinese Academy of

Construction Science and Technology to simulate the energy consumption of main

12



building equipment (heating and cooling equipment) during tise stage and
constructio period then onverted intoCO, equivalent numbersccording to energy
standardsn China

Table 2.1 GWP alue of main greenhouse gases

Type CO, CO CH4 N.O PFCs HFCs PFCs

GWP 1 2 27 296 5700 11700 22200

Data Source Intergovernmental Panel on Climag&hange
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CHAPTER 3 CARBON IMPACT OF NATURAL LIGHTING
DESIGN ON RESIDENTIAL BUILDING

3.1 Research Scope an@bject
3.1.1 Research Scope
As described in the previous sectitims chapter will focus on thearbonimpact of
residential lighting design on residential buildings during their materialization,
demolition and use phasascording to the whole lifeycle building evaluation system
The carbonimpact of lighting design on residentialildings asits literal mearing,
is the carbon emission changes the building desigrcaused by differentesidential
considerations of natural daylighg on design levelsuch as setting different shapes and
sizesof windows settingdifferent heightof windowsills and other related variables.
According tothe Standard for Measuring, Accounting and Reporting of Carbon
Emissionfrom Buildings(CECS 3742014) mentioned in the previous chapter as a main
basis of this researcthe main carbon emission units in the whdke cycle of residential

buildings can refer to Table 3ak listed below

14



Table3.1Main carbon emission units of residential buildings

Phase Carbon Emission Units

Material, components and equipment use production of main

Production _
structure, envelope ardIfillment.
_ Transportation of mterial, components and equipment; operatior
Construction _
equipment.
Use and Operation of building systems; maintenance of material, compol
Maintenance and equipment.

Demolishing and  Operation of demolishing equipment; transportation of construr

Recycling waste; recycling of the structure, envelope, and fulfillment.

Source CECS 3742014
The table above covers almost all carbon emission units over the entire life cycle of

a residential housing. The complexity of the data is beyond the scope of this research.
Simplifying the study is a compromise to keep the research scientific withoog losi
focus on the research. Given the former related studies, this research will be focused on
the most relevant aspects related to residential lighting carbon emissions unit to conduct
the following study in depth as listed below: (1) production phase itfitgi materials,
construction phase, demolishing and recycling phase; (2) operating phase of the
equipment systenDifferent considerations of residential lighting design will change the
building shape, the use of materials and perémce of the buildingnvelopeand affect
the overall energy consumptioifhese two aspectsf the study are interrelated and

constitute thecarbon impact ofresidential lightingdesgn on residential life cycle

15



(operating timeis countedas 50 years) The basiccalculation egation is listed as
following formula3.1.
oF = Pl + Pk (3.1)
gE is the change of carbon emission (kg€§)in whole life g/cle due to residential
lighting related variables;

o I is the change of carbon emission (kg€@ caused by relevalighting design
variables ofproduction, construction, demolishing and recycling phaseesidential
building;

ok is the changeof carbon emissionkgCOeq) in the operationphase of

residential buildinglue toresidential lightinglesign variables.

3.1.2 ResearctObject

Since entering the newentury, with the improvement diving standard and
purchasingwill, the quality of residential buildings has increasingly becarfaxus of
consumers. As a central city in the Yangtze River Delta region of China, Shangkai is al
a representative city in hagummer and colavinter zone Urban housingn Shanghahas
always been at thierefrontof China.Based on the data collectiand investigation, this
study screened the typical residential buildings in Sharvghiah have been alreadyuilt
as the research objectThe selected objectsharing common irdetailed drawings,
energysaving calculation manualslocuments andll in a high degreecompletion

compared with design documenigingsuitable as research objgébr further software

16



simulation,calculation and analysis. The basic information of the residentiathiogen

is showedn the followingTable 3.2

Table3.2Basicinformation of the choseresidential building in Shanghai

Location

Zone
Construction ‘ear
Orientation

Structure

Building Shape Coefficient

Building Area

Building Volume
Surface area

Floor

Building Height

Exterior Wall Type

(from Qutside toriside)
Window Type
Window/Wall Ratio
Running Time

Energy Consumption of
Simulatiori  Summef
Energy Consumption of
Simulatiorn  Winter
Energy Consumption of

Simulatioi  Yeaf

Shanghai 31°N 121°E

Hot-summer and colavinter

2009

South

Shear wall structure

0.39

344217

10451.11m°

4119.31m°

12

37.35m

Concrete block, 2 coat stucco over porous surface, R5
continuous insulation

Aluminum operable lowe double glazing
East0.05 South0.33 West0.05 North0.35
24 hours/d

21.65kwh/n?

36.23kwh/n?

57.89kwh/n?

Source Author

17



3.2 Research orPhysical Environment and RelatedNorms
3.2.1 OutdoorThermal Environment and Thermal DesignZoning

Residential buildings, thaitial artficial structurethat human beings inveat to
resist infiltrationfrom nature the relationship with the natural environmdrave been
updatingsinceit was ever bornin particular, how to adapt to and utilize the environment
where buildings liveis becoming an importanstarting pointof design under the
circumstance of emphaang regional and sustainable ideasvadays

The outdoor thermal environment, also called outdoor clinmefets to the general
ternms of all thermal and wet physical factors acting on the building enveltyeze the
building is locatedwhich is the primar factor affecting the indoor environmeéht.

The outdoor thermal environmemtf buildingsis primarily related to théhermal
insulation insummerandwinter, and the heating and cooling energy consumpisstto
maintain a comfortable indoor thermal emmviment.As we all know,China has a vast
territory. In the Code for Thermal Design of Civil Building&sB5017693), 5 thermal
climate zones are divided accordingthe temperatures of theoldest month and the
hottest month s the main indicatorancluding extremelycold, cold hotsummerand
cold-winter, hotsummer and warrwinter and mildzone (Figure 3) On this basis, the
corresponding design regements for each climatic zomesre put forward. The selected

research object was completed iraBghai, acording to the normsientioned abovehe

! Liu Xiaotu. Building Physics [M]. Beijing: China Building Industry Press, 2000
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area is located in the heummer and colvinter zone. This zone has charactéos
being verycold in winter andbeinghotin summerlt is a typicalcomplexclimatewith

different conditions

Figure3.1 Thermal design zoning mdpr buildingin China

Source Code for Thermal Design of Civil Buildings (G®17693)

3.2.2Natural L ight Climate Zoning

There are many factors that affect the outdoor light climate. In order to apply the
standardized light climate data in the lighting design, the lighting design and calculation
arewidely based on the dominant sky conditiohthe region orthe ACIE generalsky
condition®? The difference of natural lighionditions indifferent regions of our country

is quite significant. Therefore, similar to the therrmahing the light climatezoningis

2 bid
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put forwardaccording to theotal annual average illuminatioralue (Figure3.2). On this
basis, the climate index K and theferenceoutdoor illumination Valudor designare
listed as belowTable 3.3).

Table3.3Light climate coefficienkK

Light Climate Zone | Il i v \%
K Value 0.85 0.90 1.00 1.10 1.20
DesignValue 18000 16500 15000 13500 12000

Source:Lighting Design Standard of BuildingGB 500332013)

Figure 3.2 Light climate zone map of China

Sourcelighting Design Standardf Building (GB 500332013)

3.2.3The Relevant Norms Involved in This Research
In order to conduct the simulation in a scientific way, the reference norms of this

study chosen based on the construction time of the object as following, inShasesrd
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for Measuring, Accounting and Reporting of Carbon Emission from Buildi@§CS
374-2014), Code for Thermal Design of Civil Buildin¢SB 5017693), Lighting Design
Standard of BuildinggGB 500332013),Eneagy-saving Design Standard for Residential
Buildings in Hot summer and Coldiinter Zone §GJ1342001) and other relevant
standards.

Energysaving Design Standard for Residential Buildings in Hot summer and
Cold-winter Zone (JGJ132001) specifies thebasic calculation parameters for indoor
thermal environment. Thaesign temperature for heatingviinter shoudl be 18 for all
days andthe heating period is from December 1 to Februaryn2the next year air
conditioning design temperature in sumnséould be263 for all day long, with air
conditioning periodfrom June 15 to August 31. In addition, the detailed limits and
dynamicevaluatingindexes are listedue to aseries oparameters with impact anergy
consumption, such as the buildirghape coefficientof residential buildings, the
window/wall ratio on different orientationsthe heat transfer coefficient of building
envelopsand so on.

The purpose of lighting is to get a comfortable indoor light environment, in the case
of natural lighting, indoor illumination fluctuations with the changes in outdoor
illumination, so our country and marother countriesapply the relative vala of the
lighting coefficient of the buildingfor lighting design.The lighting coefficient is

calculated asormula3.2 showing
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C = (En/Ew) x 100% (3.2)

C represents the lighting coefficient (%);

En representshe illuminance (Ix) produced at a given point in a given plarsede
the room under skgiffuselight;

Ew represents the illuminance (Ix) producgd given point in a given plane outside
the roomby thesky diffuse lightat the same places E.

The subsegent lighting evaluation will be combined with the average value of the
lighting coefficient and its distribution area as the basis for judging litiging
conditions and qualitieswhich constitute the folloing calculation and research

evaluation systerandwill be described in detalater on

3.3 Carbon Emission ChangesCaused byResidential Natural Lighting
Designin UsePhase

3.3.1 Introduction of Software Used for Smulation

Software such as Energy PIu#KPM-PBECA, DeST, DOR2, PKPMDaylight,
Ecotect, Daysim and Radiance can be usedhe current field of building energy
consumption calculatioand lighting design simulation for design analysisiong them,
the PKPM-PBECA has an advantage among thbatauset is independerty developed
for Ching rooted in localcontext and can support more than 80 national and local
energysaving design standardsloreover, itis also developedbased on the AutoCAD

platform with excellent compatibility Thus, it is chosenas thesimulation softwareor
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energy consumption in thigudy.For the PKPMDaylight, it sharegshe same calculating
unit asRadiancedeveloped inUnited Statesuses Monte Carlo algorithm based on the
optimization of the reverse tracking algorithm, therking principle is to subdivide a
room into thesame size of the grid, takefiatitious planewith a height of0.75 meters
from theindoorground as a calculatigslane.With theiterative illumination calculation,
detailed lighting coefficient distriltion illustration can be drawn for each rooas well
as the glare calculation Another important part that it sharése same modelith
PKPM-PBECA, simplifying the modeling process, and eliminatitige potential errors
caused by shifting between differesoftware nedek. Last but not the least, it also
suppors for the latest lighting design specifications andrms of ChinaThereforeijt is

selected as th@mulation software folighting design analysis dhis study.

3.3.2Process ofSoftware Simulation and Analysis

In order to systematicallwtudy the impact of residential lighting design on
residential carbon emissions, the simulation process wilagygied with the control
variable methodbased on th&D model of the selected referengesicential building
After the simulation procesgshe energy consumption and lightiegndition of each
circumstancewill be simulatel and analyzed correspondingly summarize the basic
laws from the simulation resultfsom differentsettings ofparameters.

Software simulation phasecludesseveral partasdescribed below

(1) Building abasemodelas reference
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The reference mode$ built based on the completed residential building which is
selected as the research object in previeetion 3.1.3according to its construction
drawings. Modeling operamn process is as follows: Open eaultoCAD drawings of
the selectedesidential building(Figure 3.3) import the tables ofvindows and doors,
according to the total plane to select the compasstidineclassify them with different
categories- structural columns, walls, doors, windows and other building components
according to their functions in the drawingbhen &sign them to the component
attributes ofPKPM-PBECA model respectivelyconvertthem into the PKPM-PBECA
model ascorrespondingypical floor plans of theesidential building tacompletethe
model andfinally, set the properties of the wall, bahy and room type (Figure 3.4
Afterwards, copy the different typical plansnd assemble &m into a complete
residential buildingcheck and compar@e 3D modelvith the drawings to make sure it
is correct(Figure 3.5. After completing the above steps, enter material editor (Figure
3.6). Set the components with right materiate@rdingto the constructiomrawings to

reflect the real situation tihe maximum
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Typical Floor Plan
Floor Area: 363.39 sqm

Figure 3.3The typical plan of the selected residential building
Source:TJAD
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SoftwarePKPM-Daylight can share the same model wRKPM-PBECA, so the
base model is saved into Daylight for further simulation of lighting condition after the
completion inPKPM-PBECA. The principleof modelingis quitethe same amentioned

above the interior surface material editing, lighting configuration and glare calculation
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are further completed according to the construction drawamgisspecificationgTable

3.4, Figure 3.#Figure 3.9).

Table 3.4 Settings dighting related material paramees of simulation model

) Interior Visible Light
Components Material
Reflectance  Transmittance
Interior Wall Cement mortar plaster surface 0.32 00
Interior Ceiling Cement mortar plaster surface 0.32 00
Interior Floor Cement mortar plaster surface 0.32 00
Exterior Window 6+12A+6 09 0.72
Source:Author
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(2) Settings of Relevant Parameters and Variables

Choosing theelated parameters and variables for tesearchs a key step thatan
directly affectthe simulation resultd.earning from the @mprehensive literature review
in the previoushapterthe main factorshat will make anmpact of residential lighting
condition and energy consumptiomprobably include the following aspest height of
windowsill, windowivall ratio (window area), the physical propertiesthe window
itself (material tansmissivity, shading coefficient, thermal performance and ogheed
parameters), shading conditioaad others The first two aspectamong thevariables
listed above the windowsill height and winde/wall ratio, which are both imprtant
indicators of design phasand controlling indexes in codes ambrms Thus, this
research will focus on these two aspects as main variables. Due to the fact that windows
with rectangleshapes arenostly used in residential buildingh)e area othemis decided
by their heightsand widths, which isa compositevariable In order tofully study the
relationship between energy consumption and lightiogdition, the variable areais
further subdivided into two variablefeight and width in the following smulation,
calculation and analysis

After the base models are built, they are saagdew files for parameter settings
with all theother original conditionstaying the same. The winddweightis set as 0.90m
in order to make the pareeter setting of windowsilheightscover a bigger range while

not being unreasonabl®n the basis of this, seriessubmodek of windowsill heights
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from 0.00m to 2.10m at an interval of 0.3Gre built,andto make the comparisen
choosing the model Wi height ofwindowsill for 0.00mas thereference modeh this
subdivision As for parametesetting of window area,in order to make the window area
cover from 0100% ofeachdirection of thebuilding, the height ofwindowsill is set as
0.00min unity, while the height andvidth of the windowis adjustedseparatelyo reflect
the effect of the window aresith another set as the maximuwmalueof the model when
studying either one (the window height is set as floor heighhen study the window
width, vice versy Therefore, like we mentioned abovsimulation models with
window/wall ratio from 0% to 100% ain intervalof 10%arebuilt and he model with 0%
window/wall ratio is chosenas a reference model tonake comparisons to studket
impactand therelationshipof lighting variables andnergy consumption

(3) Simulation ofEnergy Consumption ardatural Lighting

The simulation of energy consumption anaatural lighting are conducted
respectively based on the models mentioned abovde simulation © energy
consumption is divided into two parts in tREPM-PBECA, one is the calculation of the
required indexes and the other is the calculatioof the comprehensive indexes
Simulation section ofighting is conveyed bynational standard simulation meth
including the diagram difght distribution andhe glarecalculation After thecompletion

of the simulation and calculation, the software will automatically generate the

30



corresponding repatof eachmodel. Theoutcome of theepors will be expanded in

detailin the following parts

3.3.3 Simulation ofNatural Lighting and Energy Consumption inUse Phase
(1) Simulation results oéastwindowsill height

Table 3.5The relationship betweesimulatedenergy onsumption

in use phasandeastwindowsill height(KWh/m?)

Window/Wall Rati6 East0.30South0.30West0.30North0.30  Window Height0.90m

OthersParametersis Reference bbel

Windowsill Height m™ 0.00 0.30 0.60 0.90 1.20 1.50 1.80 2.10

Annual Cooling Energy Increment ~ 0.000 -0.008 -0.016 -0.021 -0.023 -0.014 -0.004 0.000

Annual Heating Energy Increment  0.000  0.009 0.018 0.027 0.034 0.031 0.027 0.024

Annual Total Energy Increment 0.000 0.001 0.002 0.006 0.011 0.017 0.023 0.024

Source: Author
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Figure3.10Relationshigbetween simulatedhergyconsumption
in use phase arehstwindowsill height

Source:Author
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Table 3.5 and Figure 3.10 show tkeergy consumptiothanges in use phase
caused by eastvindowsill height The values at each point represetite energy
consumptionincrement comparing to the reference energy consumption of the base
model with awindowsill height of 0.00mlIt can be easily seen from the overall trend of
the curve and the corresponding values of each pararseténg that the aergy
consumption of heating ineases with the incremeat the eastwindowsill heightwhile
the other parametestaying the sameahe cooling energy consumption decreases with
the increase of theast windowsilheight reactesits peakwhen east windosill heightis
at 1.2m and thengoesup; the change of total energy consumption per unit area still
shows a positive correlation with the increase of the eastowsill height the
maximum incremental valus 0.024KWhi? when thewindowsill heightis 210m
Giventhe magnitude of theacremental value isttle, it can be considered that teast
windowsill height haslittle influence on the energy consumptiam use phase of
residential building

Then the lighting simulation was conducted for theorresponding modsl
respectively, and the illumination coefficient distributidigures of different east
windowsill height were obtained. Thdigures of daylighting coefficientdistributionin
different color areas wenepresented by the different color aréasshow the lighting

conditions of each situatidirigure 3.11).

32



(g) east windowsill height 1.80m (h) east windowsill height 2.10m

Figure3.11Lighting coefficient distributiorof east roors

Source:Author
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Source:Author

Combining with the lighting coefficient distribution ehst roomsndthe data from
lighting simulation report, the average lighting coefficient of each roctimerast rooms
is obtained As shavn in Figure 3.12,He values at each point represethte lighting
coefficient increment comparing to the corresponding part of the base model with a
windowsill height of 0.00mAs can bedirectly seen from the trend ohé curve, the
lighting coefficient increasewith the incremenof the east windowsillheight, reaches
the peak and the inflection point whigns 0.90m;then decreases withe increnentof
the eastvindowsill height according to thegraph oflighting coefficientdistribution the
area of lighing coefficient distribution idifferent even when théghting coefficient
value are nearly the same, with one windowsill height at 0.60m while another windowsill
height at 1.80myvith the windowsillheightincreasing, the lighting coefficient of trerea

nearwindowsill gradually decreases and the lighting coefficient ofaifea away from
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windowsill increases. Isummary the average lighting coefficient of the room shows an
increasing trendvhen windowsillheight increasesith the total lighting areancreasing
and theevenness of the lighting condition improving as weltan be considered that the
lighting conditionsimproves with the incremewff the eastvindowsill heightandreacles
theturning poin of 0.90m then goes dowfrom the peak
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Figure3.13Increments ofighting coefficientandtotal energy consumption
caused by eastindowsill heights

Source:Author

The average incremental change of total energy consumpéorunit areaand
lighting coefficient are reflected in the same chaFigure 3.13), which shows the
relationships between the east windowigight the corresponding changes of energy
consumption and the lighting coefficiedistribution in use phase. Although thghting
coefficient begins togo down after the peak point when east windowsill height is at
0.90m the overall lighting area and lightireyennesof the roomcan be considered

increasedvith the energy consumption going up all the way. However, in the meantime,
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the magnitudeof energy consumption incrementgs little that can be ignoredn our

decisionmaking phase.
(2) Simulation results of south windowsill height

Table 36 The relationship between simulated energmsumption
in use phase arsbuthwindowsill height(KWh/m?)

Window/Wall Rati6 East 0.30 South 0.30 We&30 North0.30  Window Height 0.90m

OthersParametersis Reference btel

Windowsill Height m™ 0.00 0.30 0.60 0.90 1.20 1.50 1.80 2.10

Annual Cooling Energy Increment  0.000 0.003  0.016 0.019 0.023 0.027 0.033 0.036
Annual Heating Energy Increment  0.000 0.006 -0.004 -0.004 -0.006 -0.009 -0.015 -0.013

Annual Total Energy Increment 0.000 0.008 0.012 0.015 0.017 0.018 0.018 0.023

Source: Author
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Source:Author

Table 3.6 and Figure 3.1g¢how the energy consumptiathanges in use phase

caused bysouth windowsill height The values at each point represetite energy
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consumptionincrement comparing to the reference energy consumption of the base
model with awindowsill height of 0.00mContraryto (1), it can be easily seen from the
overall trend of the curve and the @sponding values of each parameaiettingthat the
energy consumption ofooling increases with the increment #ie south windowsill
height while the other parametestaying the samethe heaing energy consumption
decreases with the increase of #wath windowsill height reactesits peakwhensouth
windowsill heightis at 180m and thergoesup; however, similarly with (1)the change
of total energy consumption per unit area still shows a positive correlation with the
increase of thesouth windowsil height the maximum incremental valués
0.02KWh/m? when the windowsill height is 2.10m Given the magnitude of the
incremental value ifittle, it can be considered that teeuthwindowsill height hadittle
influence on the energy consumptiarusephase of residential building

Then the lighting simulation was conducted for theorresponding modsl
respectively, and the illumination coefficient distributidigures of different south
windowsill height were obtained. Thdigures of daylighting coefficientdistributionin
different color areas wenepresented by the different color aréasshow the lighting

conditions of each situatidifrigure 3.15.
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(9) southwindowsill height 1.8&m (h) southwindowsill height 2.Dm

Figure3.15Lighting coefficient distribution aouthroors

Source:Author
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Combining with the lighting coefficient distribution sbuthroomsand the data
from lighting simulation report, the average lighting coefficient of each room isdhth
roomsis obtainedLike (1), & shavn in Figure 3.16the values at each point represent
thelighting coefficientincrement comparing to the correspondpagt of the base model
with awindowsill height of 0.00mAs can bealirectly seen from the trend of the curve,
the lighting coefficient increasesith the incrementof the south windowsill height,
reaches the peak and the inflection point witers 0.90m then decreases witthe
incrementof the southwindowsill height according to thegraph oflighting coefficient
distribution the area of ligting coefficient distribution isdifferent even when the
lighting coefficient value are nearly the same, witte avindowsill height at 0.60m while
another windowsill height at 1.80m; withe windowsillheightincreasing, the lighting

coefficient of thearea neawindowsill gradually decreases and the lighting coefficient of
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thearea away from windowsill increases.dmmmary the average lighting coefficient of
the room quite similar withthe (1) part,shows anincreasing trendvhen windowsill
height increaseswith the total lighting areancreasing and thevenness of the lighng
condition improving as welltican be considered that the lightiognditionsimproves
with the incremenbf the southwindowsill heightand reaches the turning point of 0.90m,

then goes down from the peak.
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Figure3.17Increments of lightingoefficientand total energy consumption
caused byouthwindowsill heights
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The average incremental change of total energy consumption per unit area and
lighting coefficient are reflected in he same chart (Figur8.17), which shows the
relationships between tlsmuthwindowsill height the corresponding changes of energy
consumption and the lighting coefficiegistribution in use phase. Although the lighting
coefficientbegins togo down after the peak point wheouthwindowsill heightis at

0.90m the overall lighting area and lightirgvennesf the roomcan be considered
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increased with the energy consumption going up all the Waynparing tothe east
counterpartsthe values are lowdhan theeastcounterpartsat a margin However, the
same situation as previously mentiong magnitudeof energy consumption increment
is still so little that carbe ignored

(3) Simulation results of west windowsill height

Table 37 The relationship between simulated energpsumption

in use phase analestwindowsill height(KWh/m?)

Window/Wall Rati6 East 0.30 South 0.30 We&0 North0.30  Window Height 0.90m

OthersParametersis Reference bbel

Windowsill Height m™ 0.00 0.3 0.60 0.90 1.20 1.5 1.8 2.10

Annual Cooling Energjncrement 0.000 -0.005 -0.009 -0.012 -0.012 0.000 0.012 o0.011

Annual Heating Energy Increment  0.000 0.010 0.020 0.034 0.043 0.047 0.048 0.046

Annual Total Energy Increment 0.000 0.006 0.012 0.021 0.032 0.047 0.080 0.058

Source: Author
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Figure3.18Relationship between simulatedezgyconsumption
in use phase andestwindowsill height

Source:Author
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Table 3.7 and Figure 3.18how the energy consumptiahanges in use phase
caused bywest windowsill height The values at each point represetite energy
consumptionincrement comparing to the reference energy consumption of the base
model with awindowsill height of 0.00mSame as theastcounterpartit can be easily
seen from the overall trend of the curve and the corresponding valuehqgiazameter
settingthat the energy consumption leéatingincreases with the increment thfe west
windowsill height while the other parameterstaying the samethe cooling energy
consumption decreases with the increase ofvbstwindowsill height reachesits peak
when west windowsill heightis at 0.90n and thengoesup; however, similarly with
mentioned previous|ythe change of total energy consumption per unit area still shows a
positive correlation with the increase of tkeest windowsill height the maximum
incremental valués 0.060KWh/m? when thewindowsill heightis 1.80m. Although the
value is still little, comparing to the counterparts of east and south aitsignificant
increment. However,igen the magnitude of thancremental value ifttle, it still can be
considered that theastwindowsill height hadittle influence on the energy consumption
in usephase of residential building

The figures of daylighting coefficientdistribution in different color areas were
represented by thefterent color areaso show the lighting conditions of each situation

(Figure 3.D).

42



(g9) west windowsill height 1.8m (h) west windowsill height 2.Dm

Figure3.19Lighting coefficient distribution ofvestrooms

Source:Author
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Combining with the lighting coefficient distribution afestroomsandthe data from
lighting simulation report, the average lighting coefficient of each room inwinst
roomsis oltained(Figure 3.19). Like mentioned previous|yes shavn in Figure 3.20the
values at each point represenhbe lighting coefficient increment comparing to the
corresponding part of the base model withviadowsill height of 0.00mAs can be
directly seen from the trend of the curve, the lighting coefficient increasgb the
incrementof thewestwindowsill height, reaches the peak and the inflection point vithen
is 0.90m;then decreases withe increnentof the westwindowsill height according to
thegraph oflighting coefficientdistribution the area of ligting coefficient distribution is
different even when thdighting coefficient value are nearly the same, with one
windowsill height at 0.60m while another windowsill height at n80with the

windowsill height increasing, the lighting coefficient of tharea nearwindowsill
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gradually decreases and the lighting coefficient of #nea away from windowsill
increases. Iitonclusion the average lighting coefficient of the ropquite $milar with
the eastcountepart, shows arnincreasing trendvhen windowsill height increasewith
the total lighting areancreasing and thevenness of the lighting condition improving as
well, it can be considered that the lightiognditionsimproves vith the increment of the

westwindowsill heightand reaches the turning point of 0.90m, then goes down from the

peak.
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Figure3.21Increments of lightingoefficientand total energy consumption
caused byvestwindowsill heights

Source:Author

The averagencremental change of total energy consumption per unit area and
lighting coefficient are reflected in lhe same chart (Figur8.21), which shows the
relationships between theestwindowsill height the corresponding changes of energy
consumption and the lighting coefficiegistribution in use phase. Although the lighting

coefficient begins togo down after the peak point whevest windowsill height is at
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0.90m the overall lighting area and lightireyennesf the roomcan be considered
increased with the energy consumption going up all the Wayever, the same situation
as previously mentionedhe magnitudeof energy consumption incrementssll so little
thatcan be ignoreth our decisioamaking phase.

(4) Simulation results of north windowsill height

Table 38 The elationship between simulated energpsumption
in use phase ambrthwindowsill height(KWh/m?)

Window/Wall Rati6 East 0.30Bouth 0.30 Wed2.30 North0.30  Window Height0.90m

OthersParametersis Reference bbel

Windowsill Height m™ 0.00 0.30 0.60 0.90 1.20 1.50 1.80 2.10

Annual Cooling Energy Increment  0.000 -0.036 -0.071 -0.105 -0.112 -0.107 -0.102 -0.096

Annual Heating Energy Increment  0.000 0.048 0.096 0.141 0.152 0.151 0.149 0.148

Annual Total Energy Increment 0.000 0.012 0.025 0.036 0.040 0.044 0.047 0.052

Source: Author
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Figure3.22Relationship between simulatedezgyconsumption
in use phase anibrthwindowsill height

Source:Author
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Table 3.8 and Figur&.22 show the energy consumptiahanges in use phase
caused bynorth windowsill height The values at each point represetite energy
consumptionincrement comparing to the reference energy consumption of the base
model with awindowsill height of 0.00mSame as theouthcounterpart,tican be easily
seen from the overall trend of the curve and the corresponding values of each parameter
settingthat the energy consumption loéatingincreases with the increment thfe north
windowsill height while the oher parameterstaying the samethe cooling energy
consumption decreases with the increase ohdreh windowsill height reaclesits peak
when north windowsill heightis at 1.20m and thengoesup; however, similarly with
mentioned previouslyhe change of total energy consumption per unit area still shows a
positive correlation with the increase of therth windowsill height the maximum
incremental valués 0.662KWh/m? when thewindowsill heightis 2.10m. Although the
value is still little, comparing to the counterparts of east and south, it is a significant
increment quite similarasthe west However, giverthe magnitude of thencremental
value is little,it still can be considered that teast windowsilheight hadittle influence
on the energy consumptidn usephase of residential building

Then the lighting simulation was conducted for theorresponding modsl
respectively And the figures of daylighting coefficientdistribution in different color
areas wrerepresented by the diffent color area® show the lighting conditions of each

situation (Figure 23).
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Figure3.23Lighting coefficient distribution oforthroonms

Source:Author
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Figure3.24Lighting coefficientincrementf northroons
caused by north windowsill heights

Source:Author

Combining with the lighting coefficient distribution oforth rooms and the data
from lighting simulation report, the average lighting coefficient of each room indhé
roomsis obtainedFigure3.23). Like mentioned previouslysashavn in Figure 3.24the
values at each point represenhe lighting coefficientincrement comparing to the
corresponding part of the base model withviadowsill height of 0.00mAs can be
directly seen from the trend of the curve, the lighting coefficient increasts the
incrementof the northwindowsill height, reaches the peak and the inflection point when
it is 0.90m;then decreases witthe increnentof the north windowsill height with the
windowsill height increasing, the lighting coefficient of tharea nearwindowsill

gradually decreases and the lighting coefficient of #nea away from windowsill
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increases. In conclusipthe average lighting coefficient of the ropquite similar with
the othercounterpar, shows arincreasing trendvhen windowsill height increasesith
the total lighting areancreasing and thevenness of the lighting condition improving as
well, it can be considered that the lightiognditionsimproves with the iorement of the

northwindowsill heightand reaches the turning point of 0.90m, then goes down from the

peak.
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Figure3.25Increments of lightingoefficientand total energy consumption
caused byorthwindowsill heights

Source:Author

The average incremé&l change of total energy consumption per unit area and
lighting coefficient are reflected in he same chart (Figur8.25), which shows the
relationships between theorth windowsill height the corresponding changes of energy
consumption and the lightincoefficientdistribution in use phase. Although the lighting
coefficientbegins togo down after the peak point whaorth windowsill height is at

0.90m the overall lighting area and lightirgvennesf the roomcan be considered
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increased with the energy consumption going up all the way. However, theisaatien
as previouly mentioned themagnitudeof energy consumption incrementsisll so little
thatcan be ignoreth our decisiormaking phase.

(5) Simulation results of sawindow/wall ratio

Table 3.9The Relationship between simulated energrystimptionn use phase

andeastwindow/wall ratio (window widthYKWh/m?)

Windowsill Height 0.00m Window height as Floor élght ~ OthersParametersis Reference kel

Window/Wall Ratio 0.00 0.10 0.20 030 040 050 060 0.70 080 0.90 1.00

Annual Cooling Energy Increment 0.00 1.12 2.25 3.68 4.64 5.87 7.07 799 897 10.07 10.58

Annual Heating Energy Incremen 0.00 0.43 0.94 1.78 232 3.08 362 423 465 521 545

Annual TotalEnergy Increment 0.00 1.55 3.19 546 6.96 8.95 10.69 12.22 13.62 15.28 16.04

Source: Author
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Figure3.26Relationship between simulatedezgyconsumption
in use phase and east windaall ratio (window width)

Source:Author
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Table 3.9 and Figure 3.2¢6how the energy consumptiahanges in use phase
caused by easwindow/wall ratio (window width) Likewise, the values at each point
represerd the energy consumptiomcrement comparing to the reference energy
consumption of the base model withwendow/wall ratio at 000. It can be easily seen
from the overall trend of the curve and the corresponding values of each parameter
setting that the heating cooling and overalenergy consumption imeases with the
increment ofthe eastwindow/wall ratio (window width) while the other parameters
staying the samehe change of total energy consumption per unit area shaiea
positive correlation with the increase of the esstdow/'wall ratio (window width) the
maximum incremental valuis 16.04KWh/m? when thewindow/wall ratiois 1.00. Given
the magnitude of théncremental value isnuch bigger than the counterparts of the
windowsill, it can be considered that thast windovwall ratio hassignificantinfluence
on the energy consumptioamusepha® of residential building

Then the lighting simulation was conducted for theorresponding modsl
respectively, and the illumination coefficient distributidigures of different east
window/wall ratio (window width)wereobtained. Thdigures of daylighing coefficient
distributionin different color areas &rerepresented by the different color aréashow

the lighting conditions of each situatifiigure 3.27.
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(i) eastwindow/wall ratio 0.80 (j) eastwindow/wall ratio 0.90

(k) eastwindow/wall ratio 1.00

10.0+

Figure3.27Lighting coefficient distribution of east roa{with change of window width)
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Figure3.28Lighting coefficientincrementof east rooracaused by
east window/walfatio (window width)
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Combining with the lighting coefficient distribution est roomsndthe data from
lighting simulation report, the average lighting coefficient of each room iedkerooms
is obtained As shavn in Figure 38, the \alues at each point represette lighting
coefficient increment comparing to the corresponding part of the base model with a
window/wall ratio (window width)at 0.00 As can bdirectly seen from the trend of the
curve, the lighting coefficient increasesth the incremenof the east windovwall ratio
(window width); according to thegraph oflighting coefficientdistribution the area of
lighting coefficient distribution isalso increasingIn summary the average lighting
coefficient of the room shows ancreasing trendvhen window/wall ratio (window
width) increaseswith the total lighting areancreasing and thevenness of the lighting
condition improving as welltican be considered that thgHting conditionsimproves

with the incremenof the easwindow/wall ratio (window width).
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Figure3.29Increments of lightingoefficientand total energy consumption
caused by eastindow/wall ratio (window width)

Source:Author
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The average incrementahange of total energy consumption per unit area and
lighting coefficient is eflected in the same chart (FiguBe29), which shows the
relationships between the easindow/wall ratio (window width) the corresponding
changes of energy consumption and the lighting coeffidisttibution in use phasé&he
overall lighting area and lightingvennes®f the roomcan be considered increased with
the energy consumption going up all the way. However,emtkeantime, thenagnitude
of energy consumption increment &0 significant that can be ignoredin our
decisionmaking phase.

Table 3.10The elationship between simulated energpsumption in use phase

andeastwindow/wall ratio (window heightjk Wh/m?)

Windowsill Height 0.00m Window Width as East Exterior Wall Width OthersParametersis Reference btel

Window/Wall Ratio 0.00 0.10 0.20 030 040 050 060 0.70 080 0.90 1.00

Annual Cooling Energy Incremeni 0.00 1.08 2.25 3.42 456 5.73 6.82 7.88 8.94 10.00 10.58
Annual Heating Energy Incremen 0.00 0.48 1.02 1.82 243 3.06 3.63 417 4.70 5.22 5.45

Annual Total Energy Increment 0.00 156 3.27 5.23 6.99 8.79 1045 12.04 13.63 15.22 16.04

Source: Author
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Table 3.10 and Figure 3.36how the energy consumptiamanges in use phase
caused by eastindow/wall ratio (windowheigh). Likewise, he values at each point
represens the energy consumptioincrement comparing to the reference energy
consumption of the base model withwandow/wall ratio at 0.00lt can be easily seen
from the overall trend of the curve and the corresponding values of each parameter
setting that the heating cooling and overalenergy consumption ineases with the
increment ofthe eastwindow/wall ratio (window height)while the other parameters
staying the samdhe change of total energy consumption per unit area shairea
positive correlion with the increase of the eastindow/wall ratiq the maximum
incremental valués 16.04KWh/ni when thewindow/wall ratiois 1.00. Giventhe data

collected abovgt can be seen that the window shape does notdigudicantinfluence
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on the energy esumptionin usephase of residential buildingvhile the window/wall
ratiodo have

Then the lighting simulation was conducted for theorresponding modsl
respectively, and the illumination coefficient distributidigures of different east
window/wall ratio (windowheigh) wereobtained. Thdigures of daylighting coefficient
distributionin different color areas &erepresented by the different color aréashow

the lighting conditions of each situation (Figurd1}.

(a) eastwindow/wall ratio 0.00 (b) eastwindow/wall ratio 0.10

(c) eastwindow/wall ratio 0.20 (d) eastwindow/wall ratio 0.30
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(k) eastwindow/wall ratio 1.00

Figure3.31Lighting coefficient distribution of east roartwith change of window height)

Source:Author
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Figure3.32Lighting coefficientncrementof east roora caused by
east window/wall ratio (windoweigh)

Source:Author

Combining with the lighting coefficient distribution ehst roomsndthe data from
lighting simulation report, the average lighting coefficient of each room iedkerooms
is obtained As shavn in Figure 3.28,Hhe values at each point represetite lighting
coefficient increment comparing to the corresponding part of the base mattelaw
window/wall ratio (windowheigh) at 0.00 As can bealirectly seen from the trend of the
curve, the lighting coefficient increasegth the incremenof the east window/wall ratio
(window heigh) when the ratio is beyond 0.3@ccording to thegraph of lighting
coefficientdistribution the area of ligting coefficient distribution islso increasing. In
summary the average lighting coefficient of the room showsremeasing trendvhen
window/wall ratio (windowheigh) increaseswith the tota lighting areaincreasing and

the evenness of the lighting condition improving as wdllcan be considered that the
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lighting conditionsimproves with the incrementf the easwvindow/wall ratio (window

heigh).
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Figure3.33Increments of lightingoefficientand total energy consumption
caused by eastindow/wall ratio (windowheigh)

Source:Author

The average incremental change of total energy consumption per unit area and
lighting coefficient are reflected in the same chart (FiguBs33), which shows the
relationships between the eagindow/wall ratio (window heigh), the corresponding
changes of energy consumption and the lighting coeffidsttibution in use phaseh&
overall lighting area and lightingvennes®f the roomcan beconsidered increased with
the energy consumption going up all the wayen the ratio is beyond 0.3Bowever, in
the meantime, thenagnitudeof energy consumption increment $® significant that
cannotbe ignoredn our decisioamaking phase.

(6) Simulaton results of south window/wall ratio
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Table 3.11The elationship between simulated energpsumption in use phase

andsouthwindow/wall ratio (windowwidth) (KWh/m?)

Windowsill Height 0.00m Window height as Floor éight

OthersParameterss Referencodel

Window/Wall Ratio

0.00 0.10 0.20 0.30 0.40

050 060 070 080 0.90 1.00

Annual Cooling Energy Incremeni 0.00 0.96 1.99 3.02 4.20

Annual Heating Energy Incremen 0.00 0.17 0.57 0.93 1.61

Annual Total Energy Increment

0.00 1.13 257 3.95 5.80

561 7.10 8.65 10.15 11.80 12.67

266 396 532 686 834 9.02

8.27 11.07 13.97 17.00 20.13 21.68

_ 2400
[}
Q
£ 2000
()
E ~
S % 16.00
o &
£
55 12.00
a
E 8 800
§<

£ 400
85
>
o 0.00
[}
=
w

0.00

113
0.96

—B-Ap—

0.10

T 4

8.27
5.80
3.95
561
257 %.20

199302 66~
1:6‘1’"'266

020 030 040 050

11.07

Source: Author

21.68
20.13

17.00
13.97

12.67

8.65 _834—"002

710 686"
306~

060 070 080 090 100

Window/Wall Ratio (Window Width)

Total Energy Consumption Increment per Unit Area

Cooling Energy Consumption Increment per Unit Area

=Heating Energy Consumption Increment per Unit Area

Figure3.34Relationship between simulatedezgyconsumption

in use phase and south window/wall ratio (window width)

Source:Author

Table 3.11 and Figure 3.3how the energy consumptiamanges in use phase

caused by soutltvindow/wall ratio (window width) Likewise, he values at each point

represerd the energy consumptioimncrement comparing to the reference energy

consumption of the base model witwandow/wall ratio at 0.00It can be easily seen

from the overall trend of the curve and the corresponding values of each parameter
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setting that the heatingcooling and oveth energy consumption imeases with the
increment ofthe southwindow/wall ratio (window width)while the other parameters
staying the samehe change of total energy consumption per unit area shaiea
positive correlation with the increase of gw@uth window/wall ratio (window widthhe
maximum incremental valuis 21.68KWh/mi when thewindow/wall ratiois 1.00, a
significant increment than th6.04KWh/nf of the eastcounterpartlt can be considered
that thesouthwindow/wall ratiohasmore influence on the energy consumptionuse
phase of residential buildirthan the east counterpart

The figures of daylighting coefficientdistribution in different color areas were
represented by the different color aréashow the lighting conditianof each situation

(Figure 3.35.

(c) southwindow/wall ratio 0.20 (d) southwindow/wall ratio 0.30
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(k) southwindow/wall ratio 1.00

Figure3.35Lighting coefficient distribution afouthroormns (with change of window width)

Source:Author
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south window/wall ratio (window width)

Source:Author

Combining with the lighting coefficient distribution sbuthroomsand the data
from lighting simulation report, the average lighting coefficient of each room iadthth
roomsis obtained As shavn in Figure 336, the values at each point represetite
lighting coefficientincrement comparing to the corresponding parthef base model
with awindow/wall ratio (window width) at 0.00As can bealirectly seen from the trend
of the curve, the lighting coefficient increasesth the incrementof the south
window/wall ratio (window width); ecording to thegraph of lighting coefficient
distribution the area of ligting coefficient distribution isalso increasing. Isummary
the average lighting coefficient of the room showsnaneasing trenavhenwindow/wall

ratio (window width) increasewvith the total lighting areancreasing and thevenness of
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the lighting condition improving as wellk, ¢an be considered that the lightiognditions

improves with the incremewff thesouthwindow/wall ratio (window width).
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Figure3.37 Increments of lightingoefficientand total eargy consumption
caused byouthwindow/wall ratio (window width)

Source:Author

The average incremental change of total energy consumption per unit area and
lighting coefficient is reflected in the same chart (F&y3.37), which shows the
relationships between thsouthwindow/wall ratio (window width),the corresponding
changes of energy consumption and the lighting coeffidisttibution in use phasé&he
difference of growth rate of the two curves representing energy consumptioglaili
coefficient is obvious antigherthan the east counterpart. Thus, it means more energy
will be used to get the same lighting effect faysing thewindow/wall ratio in south

windows
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Table 3.12The elationship between simulated energnsumptionn use phase

andsouthwindow/wall ratio (window heightjk Wh/m?)

Windowsill Height 0.00m Window Width asSouthExterior Wall Width ~ OthersParameteras Reference bblel

Window/Wall Ratio 0.00 0.10 0.20 0.30 040 050 060 0.70 0.80 0.90 1.00

AnnualCooling Energy Increment 0.00 0.96 1.99 3.01 4.14 6.01 694 894 982 1140 12.67
Annual Heating Energy Incremen 0.00 0.13 0.49 0.85 148 283 392 544 6.83 829 9.02

Annual Total Energy Increment  0.00 1.09 247 3.87 5.62 8.85 10.85 1437 16.65 19.69 21.68

Source: Author
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Figure3.38Relationship between simulatedezgyconsumption
in use phase arsbuthwindow/wall ratio (window height)

Source:Author

Table 3.12 and Figure 3.3¢how the energy consumptiamanges in use phase
caused bysouthwindow/wall ratio (window height)Likewise, he values at each point
represerd the energy consumptiomncrement comparing to the reference energy
consumption of the base model witwandow/wall ratio at 0.00It can be easily seen

from the overall trend of #h curve and the corresponding values of each parameter
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setting that the heatingcooling and overalenergy consumption imeases with the
increment ofthe southwindow/wall ratio (window heightwhile the other parameters
staying the samehe change ofatal energy consumption per unit area showsrect
positive correlation with the increase of gmuthwindow/wall ratio.

Then the lighting simulation was conducted for theorresponding modsl
respectively, and the illumination coefficient distributidigures of different south
window/wall ratio (window heightjvere obtained. Thdigure of daylighting coefficient
distributionin different color areas wemrepresented by the different color aréashow

the lighting conditios of each situation (Figu&39.

(a) southwindow/wall ratio 0.00 (b) southwindow/wall ratio 0.10
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(c) southwindow/wall ratio 0.20 (d) southwindow/wall ratio 0.30



(k) southwindow/wall ratio 1.00

Figure3.39Lighting coefficient distribution afouthroons (with the change of windoweigh)

Source:Author
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Figure3.40Lighting coefficientincrementof southrooms caused by
southwindow/wall ratio (window height)

Source:Author

Combining with the lighting coefficient distribution sbuthroomsand the data
from lighting simulation report, the average lighting coefficient of each room iadthth
roomsis obtained As shavn in Figure 340, the values at each point represetite
lighting coefficientincrement comparing to the corresponding part of the base model
with awindow/wall ratio (windowheigh at 0.00 Similar with the east counterpathe
lighting coefficient increasesith the incremenof the southwindow/wall ratio (window
height) when the ratio is beyond 0;3Be area of ligting coefficient distifbution isalso
increasing. Irsummary the average lighting coefficient of the room showsnaneasing
trend when window/wall ratio (window height) increasewith the total lighting area

increasing and thevenness of the lighting condition improving all, it can be
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considered that the lightingonditions improves with the incrementf the south

window/wall ratio (window height).
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Figure3.41Increments of lightingoefficientand total energy consumption
caused byouthwindow/wall ratio (windowheight)

Source:Author

The average incremental change of total energy consumption per unit area and
lighting coefficient are reflected in the same chart (FiguBx1), which shows the
relationships between theouthwindow/wall ratio (window height)the correponding
changes of energy consumption and the lighting coeffidsttibution in use phaseh&
overall lighting area and lightingvennes®f the roomcan be considered increased with
the energy consumption going up all the way when the ratio is bey@@dvhile the

trend is not obvious when it is below 0.30
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(7) Simulation results of west window/wall ratio

Table 3.13The elationship between simulated energpsumption in use phase

andwestwindow/wall ratio (window widthYKWh/m?)

Windowsill Height 0.00m  Window height as Floor élght OthersParametersis Reference btlel

Window/Wall Ratio 0.00 0.10 0.20 0.30 0.40 050 060 070 0.80 090 1.00

Annual Cooling Energy Increment 0.00 1.00 2.01 298 398 492 598 691 7.85 8.67 9.18

Annual HeatingEnergy Increment 0.00 0.68 1.39 2.05 271 362 4.09 468 528 587 6.02

Annual Total Energy Increment 0.00 1.67 3.40 5.03 6.69 855 10.07 1159 13.13 1454 15.19

Source: Author

& 20.00
[}
Q
£ 1600 1454 1549
QF) 13.13 .
o ;g 11.59
S = 1200 10.07
= 8.55
c 3
SE o0 6.69 S 948
g o 5.03 6.91 ;
= 598 e —
3 < 340 492 B
§ = 400 1.67 398" e 508 587 602
o 5 201298 468 >
S 5 1007 200 362 409
g 000 066 pgg 139 205 e
c 000 010 020 030 040 050 060 070 080 090 1.00
w
Window/Wall Ratio (Window Width)
Total Energy Consumption Increment per Unit Area
Cooling Energy Consumption Increment per Unit Area
Heating Energy Consumption Increment per Unit Area

Figure3.42Relationship between simulatedezgyconsumption
in use phase andestwindow/wall ratio (window width)

Source:Author

Table 3.13 and Figure 3.4¢how the energy consumptiaanges in use phase
caused bywestwindow/wall ratio (window width) Likewise, he values at each point
represerd the energy consuption increment comparing to the reference energy

consumption of the base model withwandow/wall ratio at 0.00lt can be easily seen
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from the overall trend of the curve and the corresponding values of each parameter
setting that the heatingcooling andoverall energy consumption imeases with the
increment ofthe west window/wall ratio (window width)while the other parameters
staying the samehe change of total energy consumption per unit area shaiea
positive correlation with the increase tbk westwindow/wall ratio (window width) the
maximum incremental valuis 15.1KWh/m? when thewindow/wall ratiois 1.00, close
to the 16.04KWh/rfiof the east counterpasignificant less than the south counterpirt
can be considered that theest window/wall ratio has close influence on the energy
consumptiorin usephase of residential buildirgsthe east counterpatess impact than
thesouth counterpart

Then the lighting simulation was conducted for theorresponding modsl
respectively The figures of daylighting coefficientdistributionin different colorareas
were represented by the different color ar¢asshow the lighting conditian of each

situation (Figure 3.43
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(8) westwindow/wall ratio 0.00 (b) westwindow/wall ratio 010
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(g) westwindow/wall ratio 0.60 (h) westwindow/wall ratio 0.70

(i) westwindow/wall ratio 0.80 (j) westwindow/wall ratio 0.90
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(k) westwindow/wall ratio 1.00

Figure3.43Lighting coefficient distribution ofvestrooms (with change of window widh

Source:Author
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Figure3.44Lighting coefficientincrementof westroons caused by
westwindow/wall ratio (window width)

Source:Author

Combining with the lighting coefficient distribution afestroomsandthe data from
lighting simulation report, the average lighting coefficient of each room inwvibet
roomsis obtained As shavn in Fgure 3.44 the values at each point represetiite

lighting coefficientincrement comparing to the corresponding part of the base model
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with awindow/wall ratio (window width) at 0.00As can balirectly seen from the trend
of the curve, the lighting coidient increaseswith the incrementof the west
window/wall ratio (window width); ecording to thegraph of lighting coefficient
distribution the area of ligting coefficient distribution islso increasing. Isummary
the average lighting coefficient of the room showsnaneasing trenevhenwindow/wall
ratio (window width) increaseswvith the total lighting areancreasing and thevenness of
the lighting condition improving as wellk, ¢an be considered that thghting conditions

improves with the incremewf thewestwindow/wall ratio (window width).
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Figure3.45 Increments of lightingoefficientand total energy consumption
caused byvestwindow/wall ratio (window width)

Source:Author

The average incrementahange of total energy consumption per unit area and
lighting coefficient is reflected in the same chart (fFeg3.45), which shows the

relationships between theest window/wall ratio (window width),the corresponding
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changes of energy consumption anel liighting coefficientdistribution in use phase. The

total situatiorshars a lot in @mmon with the east counterpart

Table 3.14The elationship between simulated energnsumption in use phase

andwestwindow/wall ratio (window heightfkWh/m?)

Windowsill Height 0.00m Window Width asWVestExterior Wall Width ~ OthersParameterss Reference btlel

Window/Wall Ratio 0.00 0.10 020 0.30 040 050 0.60 0.70 080 0.90 1.00

Annual Cooling Energy Increment 0.00 0.97 193 291 3.86 492 5.87 6.82 7.75 8.69 9.18
Annual Heating Energy Increment 0.00 0.65 1.33 1.99 261 3.39 4.02 4.61 5.19 5.76 6.02

Annual Total Energy Increment  0.00 1.62 3.26 4.90 6.47 8.31 9.90 1143 1295 1445 15.19

Source: Author
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Figure3.46Relationship between simulatedezgyconsumption
in use phase andestwindow/wall ratio (window height)

Source:Author

Table 3.14 and Figure 3.4¢how the energy consumptiaianges in use phase
caused bywestwindow/wall ratio (window height)Likewise, he values at each point

repregens the energy consumptiomncrement comparing to the reference energy
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consumption of the base model withwandow/wall ratio at 0.00lt can be easily seen

from the overall trend of the curve and the corresponding values of each parameter
setting that the heating cooling and overalenergy consumption imeases with the
increment ofthe west window/wall ratio (window heightwhile the other parameters
staying the samehe change of total energy consumption per unit area shaiea
positive correlation with the increase of thestwindow/wall ratio.

Then the lighting simulation was conducted for theorresponding modsl
respectively, and the illumination coefficient distributidigures of different west
window/wall ratio (window heght) wereobtained. Thdigures of daylighting coefficient
distributionin different color aeas wereepresented by the different color aréashow

the lighting conditios of each situation (Figure 347
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g.0

(c) westwindow/wall ratio 0.20 (d) westwindow/wall ratio 0.30
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Figure3.47Lighting coefficient distribution ofvestroons (with change ofvindow height)

Source:Author

79



12.00

10.30
>

~ 1000 20w

& 8'10,; 8,90
£ 8.00 680 _~

g 7.10

(5]

& 6.00 5'39_‘,.:' 6.20

E 520

G 4.00 2.80 /4.0

& 2.00

3 2.00 60" 3.80
= 000 o020 050 X

C -

£ 000 0.00—0640—010""990" g0

= 000 010 020 030 040 050 060 070 080 090 1.00

Window/Wall Ratio (Window Height)

s Minimum Increment of Lighting Coefficient
== Maximum Increment of Lighting Coefficient

Average Increment of Lighting Coefficient

Figure3.48Lighting coefficientincrementof westroons caused by
westwindow/wall ratio (window height)

Source:Author

Combining with the lighting coefficient distribution afestroomsandthe data from
lighting simulation report, the average lighting coefficient of each room inwie
roomsis obtained As shavn in Figure 348, the values at each point represetite
lighting coefficientincrement comparing to the corresponding part of the base model
with a window/wall ratio (windowheigh) at 0.00 Similar with theother counterpas,
the Ighting coefficient increasewith the incrementof the west window/wall ratio
(window height) when the ratio is beyond 0.3ie area of ligting coefficient
distribution isalso increasing. Isummary the average lighting coefficient of the room
shows a increasing trendvhenwindow/wall ratio (window height) increasewith the

total lighting areancreasing and thevenness of the lighting condition improving as well,
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it can be considered that the lightiognditionsimproves with the incremermtf the west

window/wall ratio (window height).

20.00 20.00
o
Q 15.19 o
£ 16.00 14.45 1600 £
g 12.95 £
S 11.43 2
S < 1200 9.90 - 1200 5 &
<3 8.31 8.90 2
(o) - it » Q
| 800 6.47 6.20 ! 10‘«" 800 E 5
g3 5.20 _~ i)
EQ 490 _~ 410 G &£
23 3.26 , 200 " £g
§ 2 400 | - 400 g O
S5 000 1.62 1.60_—~ g

] . 0.40_—" o}
) 0.10
g 000 == 0.00 20 — 000 X
S 000 010 020 030 040 050 060 070 080 090 1.00

Window/Wall Ratio (Window Height)

Total Energy Consumption Increment per Unit Area

=Average Increment of Lighting Coefficient

Figure3.49Increments of lightingoefficientand total energy consumption
caused byestwindow/wall ratio (windowheigh)

Source:Author

The average incremental change of total energy consumption per unitnarea a
lighting coefficient are reflected in the same chart (FiguBx9), which shows the
relationships between th&est windowwall ratio (window height)the corresponding
changes of energy consumption and the lighting coefficisttibution in use phasé&he
overall lighting area and lightingvennes®f the roomcan be considered increased with
the energy consumption going up all the way when the ratio is beyond 0.30 while the

trend is not obvious when it is below 0.30.
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(8) Simulation results of nortivindow/wall ratio

Table 3.15The elationship between simulated energpsumption in use phase

andnorthwindow/wall ratio (window width\KWh/m?)

Windowsill Height 0.00m Window height as Floor éight OthersParameterss Reference bbel

Window/Wall Ratio 0.00 0.10 0.20 0.30 0.40 0.50 0.60 070 080 0.90 1.00

Annual Cooling Energy Increment 0.00 -0.59 -053 -045 -037 -0.24 -0.11 007 020 048 0.3

Annual Heating Energy Increment  0.00 1.03 2.02 2.98 3.89 4.78 5.66 6.5 733 8.18 8.60

Annual TotalEnergy Increment 0.00 044 1.49 2.53 3.52 4.53 555 657 753 867 9.13

Source: Author
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Figure3.50Relationship between simulatedezgyconsumption
in use phase anbrthwindow/wall ratio (window width)

Source:Author

Table 3.15 and Figure 3.5%how the energy consumptiatanges in use phase
caused bynorth window/wall ratio (window width) Likewise, he values at each point
represerd the energy consumptiomncrement comparing to the reference energy

consumption of the base model withwandow/wall ratio at 0.00lt can be easily seen
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from the overall trend of the curve and the corresponding values of each parameter
setting that the heatingcooling and overalenergy consumption imeases with the
increment ofthe north window/wall ratio (winedw width) while the other parameters
staying the sameHowever, the heating energy consumption shows a sudden drop when
the ratio changes from 0.00 to 0.10 and its growing rate is much slower than the other
ones. Overallthe change of total energy consuiop per unit area shows @irect
positive correlation with the increase of therthwindow/wall ratio (window width) the
maximum incremental valuis 9.13KWh/m? when thewindow/wall ratiois 1.00, much
less comparingp theothercounterpas

Then the lighting simulation was conducted for theorresponding modsl
respectively The figures of daylighting coefficientdistributionin different color areas
were represented by the different color ar¢asshow the lighting conditian of each

situation (Figue 3.5).
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() northwindow/wall ratio 0.20 (d) northwindow/wall ratio 0.30
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(k) northwindow/wall ratio 1.00

Figure3.51Lighting coefficient distribution ofiorthroons (with change ofvindowwidth)

Source:Author
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Figure3.52Lighting coefficientincrementf northroons caused by
northwindow/wall ratio (window width)

Source:Author

Combining with the lighting coefficient distribution oforth rooms and the data
from lighting simulation report, the average lighting coefficient of each room indté
roomsis obtained As shavn in Figure 3.52 the values at each point represetiite

lighting coefficientincrement comparing to the corresponding part of the base model
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with awindow/wall ratio (window width) at 0.00As can balirectly seen from the trend
of the curve, the lighting coefficient increas@sth the incrementof the north
window/wall ratio (window width); ecording to thegraph of lighting coefficient
distribution the area of ligting coefficient distribution islso increasing. Isummary
the average lighting coefficient of the room showsnaneasing trenevhenwindow/wall
ratio (window width) increaseswvith the total lighting areancreasing anthe evenness of
the lighting condition improving as wellk, ¢an be considered that the lightiognditions

improves with the incremewf thenorthwindow/wall ratio (window width).
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Figure3.53Increments of lightingoefficientand total energy consurign
caused byorthwindow/wall ratio (window width)

Source:Author

The average incremental change of total energy consumption per unit area and

lighting coefficientarereflected in the same chart (Birg 3.53) in use phase.
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Table 3.16The elationshipbetween simulated energgrisumption in use phase

andnorthwindow/wall ratio (window heightjKWh/m?)

Windowsill Height 0.00m Window Width asNorth Exterior Wall Width ~ OthersParameteras Reference bblel

Window/Wall Ratio 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 090 1.00

Annual Cooling Energy Increment  0.00 1.06 2.05 3.01 3.94 4.84 5.70 6.54 7.736 8.18 8.60
Annual Heating Energy Increment 0.00 -0.59 -0.54 -046 -0.38 -0.26 -0.12 0.06 0.25 0.48 0.53

Annual Total Energy Increment 0.00 047 151 2.55 3.56 4.58 5.58 6.60 7.62 8.66 9.13

Source: Author
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Figure3.54 Relationship between simulatedezgyconsumption
in use phase anbrthwindow/wall ratio (window height)

Source:Author

Table 3.16 and Figure 3.%8how the energy consumptiamhanges in use phase
caused bynorth window/wall ratio (window height)Likewise, he values at each point
represerd the energy consumptiomncrement comparing to the reference energy
consumption of the base model witwandow/wall ratio at 0.00It can be easily seen

from the overall trend of the curve and the corresponding values of each parameter
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setting that the heatingcooling and overalenergy consumption imeases with the
increment ofthe north window/wall ratio (window heightwhile the other prameters
staying the sameHowever, the heating energy consumption shows a sudden drop when
the ratio changes from 0.00 to 0.10 and its growing rate is much slower than the other
ones. Overall, te change of total energy consumption per unit area shodiseet
positive correlation with the increase of therthwindow/wall ratio (window width) the
maximum incremental valuis 9.13KWh/nf when thewindow/wall ratiois 1.00, much

less comparing to the other counterpdttsan be considered that therth window/wall

ratio haslessinfluence on the energy consumptiomusephase of residential building
comparing to the other three counterparts.

Then the lighting simulation was conducted for theorresponding modsl
respectively, and the illuminatioroefficient distributionfigures of different north
window/wall ratio (window heightjvereobtained. Thdigures of daylighting coefficient
distributionin different color areas wemrepresented by the different color aréashow

the lighting conditios of each situation (Figure 3.p5
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(k) northwindow/wall ratio 1.00

Figure3.55 Lighting coefficient distribution ofiorthroons (with change oWwindow height)

Source:Author
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Figure3.56Lighting coefficientincrementof northroons caused by
northwindow/wall ratio (window height)

Source:Author

Combining with the lighting coefficient distribution oforth rooms and the data
from lighting simulation report, the average lighting coefficient of each room indté
roomsis obtained As shavn in Figure 36, the values at each point represetiite

lighting coefficientincrement comparing to the corresponding part of the base model
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with a window/wall ratio (window height) at 0.0@imilar with theother counterpas,
the lighting coefficient increasesith the incrementof the north window/wall ratio
(window height) when the ratio is beyond 0.3 area of lighng coefficient
distribution isalso increasing. lsummary the average lighting coefficient of the room
shows arincreasing trendvhenwindow/wall ratio (window height) increasewith the
total lighting areancreasing and thevenness of the lighting condition improving &ell,
it can be considered that the lighticgnditionsimproves with the incrememtf the north

window/wall ratio (window height).
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Figure3.57Increments of lightingoefficientand total energy consumption
caused byorthwindow/wall ratio (windowheigh)

Source:Author

The average incremental change of total energy consumption per unit area and
lighting coefficient are reflected in the same chart (FiguBb7), which shows the

relationships between theorth window/wall ratio (window height)the ®rresponding
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