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ABSTRACT 

 

Lighting in buildings (being the largest consumer of energy in commercial sector 

and second largest consumer in residential sector) attracts highest attention and scope for 

energy conservation. There are several energy conservation options available such as 

energy efficient artificial lighting systems like LED’S and daylighting – ventilation 

systems such as energy efficient windows, clerestories, skylights and light pipes etc. 

Daylighting systems offering free, sustainable and eco-friendly lighting can be used either 

stand alone in day time or integrated with artificial systems for the whole day. The present 

thesis deals with daylighting and natural ventilation for space conditioning and energy 

conservation in buildings. Daylight (solar illuminance) data for horizontal and vertical 

surfaces for a location is required for the successful exploitation of daylighting systems in 

early stages of building planning but most of the Indian weather stations do not measure 

the daylight. In view of this, an effort has been made in this thesis to compute and validate 

the solar illuminance (daylight) from the solar radiation data for horizontal and vertical 

surfaces for typical Indian climate specific stations. Experimental investigations on light 

pipe, (emerging daylighting system) have been carried out to study the effect of light pipe 

configurations on its output and develop empirical model to predict its performance. 

Software simulation has been used to study the different window configurations for office 

building to predict the lighting energy savings as well as increase in cooling load in an 

office building. Work has also been carried out to evaluate the natural ventilation potential 

of Indian climates and window area required to meet different ventilation rates in low rise 

building.  
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The opening chapter presents the background, global and Indian energy scenarios 

of building sector, motivations to undertake the subject of research, scope and objectives 

of the thesis, methodology and organization of the thesis. 

In second chapter, three luminous efficacy models namely Perez et al. model, 

Muneer and Kinghorn model and Littlefair model have been evaluated against measured 

solar illuminance and solar irradiance at New Delhi. Among three models, Perez model 

has been found to perform best, with minimum mean bias error and root mean square 

error. Further, Perez model has been used to compute the daylight for horizontal surface at 

six Indian stations Viz New Delhi, Jodhpur, Pune, Kolkata, Shillong, and Leh, covering all 

climatic conditions in India. Both global and diffuse components of solar illuminance have 

been computed using solar data for typical meteorological year (TMY). Daylight at these 

stations has been assessed for different ranges of illuminance, for certain percentage of 

time period and through cumulative frequency curve of illuminance. Luminous energy (lx-

hrs) at each station has also been evaluated to assess the energy conservation potential of 

daylight for Indian stations. 

Third chapter presents results of experimental validation of solar illuminance model 

for vertical surfaces at New Delhi. Hourly solar illuminance on four cardinal vertical 

surfaces (north, south, east and west) in a typical meteorological year for typical Indian 

cities mentioned above has been computed using the solar illuminance model. Qualitative 

assessment of daylight has been carried out by means of cumulative frequency curves of 

solar illuminance. Model based global illuminance on vertical surfaces is very close to the 

measured illuminance with small MBE (Mean Bias Error) and RMSE (Root Mean Square 

Error). 
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Fourth chapter deals with the experimental investigationson light pipe systems 

installed at IIT Delhi. Effects of sky condition and light pipe specification on indoor 

illuminance have been analyzed.  Three semi empirical models for light pipe have been 

compared for their predictive performance and substantial deviations have been observed 

between models based results and experimental results. Two new models have therefore 

been developed by correcting the coefficients of existing models through regression 

analysis.  Hourly indoor illuminance in the test room for a typical meteorological year 

(TMY) has been evaluated using the best performing new model. Experimental results of 

light pipe shows that DPF (Daylight Penetration Factor) decreases with the increase of 

aspect ratio under both clear sky as well as partly overcast sky conditions. A comparative 

study of single and dual diffusers shows that single diffuser provids10-30% more DPF on 

the working plane. Annual energy saving potential and CO2 mitigation potential of the 

light pipe - fluorescent lamp system has also been evaluated considering four lighting 

controls. 

Fifth chapter presents the simulation study on midrise office buildings with external 

shading on south and west walls for New Delhi composite climate. The simple parametric 

model for estimating the lighting energy saving potential has been developed and its 

impact on the cooling load has been evaluated through software simulation. Four 

commercial office buildings with three story building (resulting in four different ratios of 

perimeter to floor area)   have been considered for the study. Four types of double glass 

(clear, blue, grey and tinted) are used in the simulation to study the effect of transmittance 

of glass on the lighting energy savings. Effects of the ratio of perimeter to floor area and 

ratio of window to perimeter area on the annual lighting energy saving for commercial 

buildings have been presented. The study also includes assessment of the increase in 
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cooling load on the building due to these building envelope configurations for New Delhi 

using E-QUEST, a building energy simulation software.  

 Sixth chapter deals with assessment of natural ventilation potential for low rise 

buildings for typical six Indian stations.  First, natural ventilation potential for building 

with constant indoor temperature has been analyzed for given indoor air quality (IAQ). 

The study has then been extended to evaluate the natural ventilation potential for comfort 

indoor temperature in the building. Furthermore, ratio of window area to wall area has 

been obtained analytically to meet different ventilation rates (ACH) in the building. PDPH 

(Pressure difference Pascal Hours) profile showed that High land area (Leh) and Coastal 

area (Kolkata and Goa) have higher potential for natural ventilation. Indian tropical 

climates are more appropriate for natural ventilation during summer and monsoon period, 

as the present study showed that 45-85 % of the time, there could be a comfort indoor 

temperature achievable through natural ventilation. PDPH assessment shows different 

scenarios when it is evaluated for different thermal conditions in the building. The present 

studies and results are useful for the thermal and cost effective design of energy efficient 

buildings 
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NOMENCLATURE 

 

Most of the symbols used are explained where they are used. Symbols which are 

common throughout the thesis are listed below. 

Af :  Floor area of the building (m
2
) 

An :  Area of north wall of the building (m
2
) 

Ap : Aspect ratio of the light pipe 

Ar : Area of the roof 

As :  Area of south wall of the building (m
2
) 

At :  Total opening area of the building (m
2
)
 

Awall :  Area of the wall (m
2
) 

Cd :  Coefficient of discharge
 

Cpn :  Coefficient of wind pressure on north wall 

Cps 
: 

 Coefficient of wind pressure on south wall  

D :  Direct distance between light pipe diffuser and point of interest on working  

Ed :  Direct heat gain due to window (W)
 

Ei :  Internal heat gain (W) 

Ely :  Annual luminous energy (klx-hr/yr) 

F :  F- statistic value  

Fd :  Depth of a window fin (m) 

fd :  Reduction in annual lighting energy 

g :  Acceleration due to gravity (m/s
2
) 

H :  Height of building (m) 
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ho  :  heat transfer coefficient between building envelop surface and ambient air 

Hw :  Height of window (m) 

Ib :  Solar beam radiation on horizontal surface (W m
-2

) 

Ibn :  Solar beam radiation at normal incidence (W m
-2

) 

Idh :  Solar diffuse radiation on a horizontal surface (W m
-2

) 

Igh :  Solar global radiation on a horizontal surface (W m
-2

) 

Io :  Extraterrestrial Solar radiation (W m
-2

) 

Isc :  Solar constant = 1367 W m
-2

 

K and a: Terrain constants 

Kb :  Solar beam luminous efficacy (lm W
-1

) 

Kd :  Diffuse luminous efficacy    (lm W
-1

) 

Kg :  Global Luminous efficacy (lm W
-1

) 

Kt :   Sky clearness index      

Lb :  Beam illuminance (klx)                     

Lbv :  Beam illuminance on vertical surface (klx) 

Ldh : Diffuse illuminance on horizontal surface (klx)    

Ldm :  Daily mean illuminance (klx) 

Lgh :  Global illuminance on horizontal surface (klx) 

Lgr :  Ground reflected illuminance on vertical surface (klx) 

Li  : Indoor illuminance (lx)                             

Ltv :  Total illuminance on vertical surface (klx) 

n :  No of day in a year                    

Np : No of persons living in building 

Od  :  Overhang depth (m)
  

P :  Probability value of strong evidence against null hypotheses  
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R : Diameter (m)  

Rc :  Increase in annual cooling load (%) 

TAO :  Monthly average outdoor temperature (°C) 

td :  Day length of a typical day in a month (hr) 

Ti :  Indoor temperature (˚K)  

TIC :  Indoor thermal comfort temperature
 

To  : Outdoor temperature (˚K) 

Tsol.air 
:
 Sol- air temperature (°C) 

U :   Over all heat transfer coefficient of the external wall of the building (W/m
2
)  

ub :  Wind velocity calculated at buildings height  (m/s) 

uw :  Wind velocity measured at weather station (m/s) 

V :  Total ventilation (m
3
/s) 

Vl :  Vertical distance (m) from the diffuser to the point of interest  

Vr :  Required ventilation (m
3
/s) 

VS :  Ventilation due to stack effect (m
3
/s) 

Vw :  Ventilation due to wind effect (m
3
/s) 

w :  Atmospheric precipitable water content (cm) 

Ww :  Width of window (m) 

Greek Symbols  

α : Altitude of sky element (radian)  

αs : Solar altitude angle (radian) 

γ : Azimuth of sky element (radian)  

s


 
:    Solar azimuth angle (radian) 

sur  :  Surface azimuth angle (radian) 

δ : Solar declination angle (degree)                
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Wall porosity (Window to wall area ratio) of a building  

θz : Zenith angle (radian) 

Tθ  :   Solar incident angle on vertical surface (radian) 

λ  :  Absorption coefficient of exterior wall surface 

  :  Ground reflectivity (dimensionless) 

l  :   Inner surface reflectance of a light pipe  

o  :  Outdoor air density (kg/m
3
) 

τ  :  Visible transmittance of window glass 

ω  :    Solar hour angle (degree)            

P  :  Pressure difference due to wind effect on building (Pa) 

eΔP
 :  Effective Pressure difference (Pa) 

rP   :  Required Pressure difference to meet indoor air quality in building (Pa) 

Abbreviations:  

ACH : Air Change per Hour  

AR :  Aspect Ratio of the light pipe 

CMM : Cubic Meter per Minute 

DPF  :  Daylight Penetration Factor of light pipe 

EOT  :  Equation of Time  

HAS :   Horizontal Shading Angle  

NR : Normalization Ratio 

NVP : Natural Ventilation Potential  

PDPH :  Pressure Difference Pascal Hour 
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RH :  Relative Humidity 

RPF :  Ratio of Perimeter to Floor area of the building 

RWP :  Ratio of Window area to Perimeter area of the building 

RWW :  Ratio of Window area to Wall area of the building  

SAT :  Solar Apparent Time  

SC :  Shading Coefficient 

SHGC :  Solar Heat Gain Coefficient of a window 

TMY : Typical Meteorological Year  

VSA :  Vertical Shading Angle for window overhang 
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