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Abstract: Studies have shown the relevance of the courtyard 

houses and passive strategy that plays a significant role in energy 

reduction, providing thermal comfort and visual comfort. 

Generally, designing the courtyards was considered suitable for 

thermal comfort. North India lies in the composite climatic zone, 

and courtyard houses in this region have a distinctly vernacular 

style. Many studies all around the world were conducted to 

analyse courtyard houses and followed different methodologies. 

The aim of this paper is to uncover and formulate a research 

methodology to analyse effective daylighting in courtyard houses 

of composite climate; approximately forty research papers were 

reviewed to find out the research methodology. The year of 

publication, climate zone, sky models used, weather file, building 

type, verifying method, simulation tools, daylight matrices, and 

methodology adopted were studied in the reviewed literature to 

formulating the methodology.   The study concludes that 

experimental models were commonly used for daylight analysis, 

moreover climate-based sky can be used for detailed simulation 

instead of the Daylight factor with overcast sky conditions. 

Keywords: Calibration, Composite climate, Courtyard houses, 

Effective daylight, Methodology, Modelling, and Simulation.  

I. INTRODUCTION 

The 21
st
 century is the age of innovation. Rapid growth 

and development can be seen in the real estate market of the 

world in the last 50 years. The use of passive strategies to 

reduce the energy demand of the building was in trend in the 

past decade. Courtyards, as a feature of vernacular 

architecture, were used generally in the building of Hot-Dry 

climate. Courtyards were the important feature of the houses 

of composite climate. Generally, the composite climate is 

studied for energy and thermal comfort analysis. Passive 

daylighting plays a key role in achieving lighting energy 

reduction, thermal delight, and visual comfort in buildings. 

The use of passive strategies was propagated in the building 

design to make the building more climate-responsive and 

energy-efficient. The research aims to formulate a research 

methodology for the analysis of effective daylighting in 

courtyard houses of composite climate. The main objective of 

the research was:- 
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 To study literature related to the courtyard analysis 

based on daylight, energy performance, thermal 

comfort, quality of space analysis.  

 To study the year of publication, climatic zone, sky 

condition, building type, verifying method, 

simulation tools, daylight matrices, and 

methodology adopted for the study. 

The energy requirement of a building is rapidly increasing day 

by day. In residential buildings, most energy is consumed in 

ventilation, cooling, and artificial lighting. The 

energy-efficient building that adopts passive daylighting is 

considered a useful strategy. The question of the research is, 

what will be the suitable methodology for the analysis of 

effective daylighting in courtyard houses of composite 

climate? The research was limited to the courtyard houses of 

composite climate, and the focus was oriented towards 

daylighting only. The study covers the background of the 

courtyard and daylight. The analysis covers the year of 

publication, climatic zone, sky condition, building type, 

verifying method, simulation tools, daylight matrices, and 

methodology adopted for the study in the reviewed literature. 

II. RESEARCH BACKGROUND 

A. Courtyard 

A courtyard is a circumscribed space open to the sky, 

often surrounded by a building or a complex structure. In 

Western and Eastern building styles, courtyards serve as 

traditional architectural features and have been used as a 

space of multiple functions by both ancient and contemporary 

architects.  

Building material with high thermal mass, wind catchers, 

basement, verandah, and changes in sectional profiles were 

the key components of achieving thermal comfort in 

courtyard houses. According to the author, in the courtyard 

houses of the Hot-dry climate of Yazd, Iran, the inhabitants 

had to move horizontally and vertically in the Hot-humid 

climate of Bushehr, Iran. A symbiosis of the user and the 

courtyard‟s technical parameters is essential in achieving 

comfort [1]. 

Buildings in different climatic conditions require different 

strategies. For a deeper understanding, we require detailed 

simulation and analysis [2]. 

B. Daylight and daylighting 

Daylight is the visible range on the electromagnetic 

spectrum, which is between 400nm to 700nm. Daylighting is 

the controlled emission of natural light in the interiors.  
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Direct solar illuminance should be ignored, and only sky 

illuminance shall be considered as daylighting of building 

interiors [3]. The Sky illuminance value depends on the spot, 

day, time, and geographic location. 

III. LITERATURE STUDY 

 Literature study provides us the background knowledge, 

methodology adopted in the previous studies, and finding 

gaps in the research. A total of forty literature were reviewed, 

which can be seen in Tables 1 to 6. Twenty-six out of forty 

literature were based on the courtyard analysis, and the 

remaining fourteen were based on the daylight simulation 

tools and other parameters. Figure 1 depicts the number of the 

reviewed literature. A maximum of 41%, i.e., twenty-two 

were based on daylight [2, 4-24], 29%, i.e., sixteen were 

based on thermal comfort [1, 2, 11, 13, 18, 19, 25-34], and 

15%, i.e., eight were based on energy-related topics [9, 10, 

13, 14, 24, 35, 36]. Thus, it is evident from the study that 

daylight is the first choice of the present researchers for 

analyzing the built space. 

 

Fig. 1. Number of reviewed literature based on studied 

parameter. 

A. Year of publication 

Figure 2 shows the number of reviewed literature based on 

the year of publication. 73%, i.e., twenty-nine of the reviewed 

literature were published in the last five years (2016-2020) [1, 

2, 9-14, 18-24, 28-34, 36-38], 18%, i.e., seven literature were 

published (2011-2015) [4, 5, 26, 27, 39-41]. The capabilities 

of new matrices were enhanced, because of the availability of 

a variety of simulation tools, due to which a number of 

researches have been seen in recent years.  

 

Fig.  2.  Number of reviewed literature based on the year 

of publication. 

B. Climatic zone 

Indian standards recognize five climatic zones in India: 

Hot-dry, Warm-humid, Temperate, Cold, and Composite. “A 

climatic zone that does not have any season for more than six 

months may be called a Composite zone” [3]. In the overall 

reviewed literature, 26% of the literature belonged to the 

Composite climate [9, 10, 18, 22, 25-28, 30, 33, 35, 36], 24% 

to Hot-arid climate [1, 8, 11, 12, 14, 19, 22, 32, 34-36], 20% 

to Hot and humid climate [1, 6, 7, 22, 28, 29, 35, 36, 38] see 

Figure 3. Figures 4, 5, and 6 depict the percentage of different 

climate zones in the reviewed literature based on energy, 

daylight, and thermal comfort. The analysed charts show the 

Composite climate was studied in 36% of energy-based 

literature [9, 10, 35], 16 % of daylight-based literature [9, 10, 

18, 22], and 41% of thermal comfort based literature [18, 

25-28, 30, 33]. There was a significant gap in the study of the 

courtyards of Composite climate based on daylight. 

 

 

Fig. 3. Percentage of different climate zones in the 

reviewed literature. 

 

Fig. 4. Percentage of different climate zones in the 

reviewed literature based on energy. 
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Table-I. List of reviewed literature based on the courtyard. 
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Fig. 5.  Percentage of different climate zones in the 

reviewed literature based on daylight. 

 

Fig. 6.  Percentage of different climate zones in the 

reviewed literature based on thermal comfort. 

C. Sky model 

Sky condition plays a crucial role in the analysis of energy 

performance and daylighting. The daylight factor was one of 

the initial matrices that were used for the research based on 

overcast sky conditions. New daylight matrices use 

climate-based sky in the simulation, in which sun position 

varies with the location, day, and time. The climate-based sky 

gives more clear and accurate simulation results. Figures 4, 5, 

and 6 depict the percentage of different climate zones and sky 

conditions used in the reviewed literature based on energy, 

daylight, and thermal-comfort. Figure 5 shows that 44% of the 

reviewed literature based on daylight used experimental 

models, in which 28% used the overcast sky condition [4, 5, 

15, 20-24] and 16% used the climate-based sky [13, 15-17]. 

No experimental model was used for the study of thermal 

comfort. It was found that experimental models were 

generally used for the analysis of energy and daylight.  The 

overcast sky conditions were widely used for daylight 

analysis, which was not very specific. For the daylight 

analysis actual cases with climate-based sky were used in 

limited literature; it was a gap. 

D. Weather file 

Weather files were consolidated weather data of the 

overall year of a particular location, monitored and recorded 

by the local weather station. Weather files were very helpful 

in conducting modern-day research through simulation and 

analysing the building. For India, weather files related to all 

climatic zone are available on the ISHRAE website. ISHRAE 

“Typical Year” weather files can be used in the simulation 

program. 

E. Building type 

Various types of building typologies were analysed in the 

reviewed literature, such as Residential, Experimental 

models, Office, Mixed-use, Urban courtyard, Institute, and 

General building/ Standard building. Figure 7 shows the 

percentage of different building types in the overall reviewed 

literature, 29%, i.e., eleven have studied residential typology 

[8, 9, 22, 25, 26, 30, 32-34, 38, 41], 29%, i.e., eleven studied 

the experimental models  [4, 10-12, 15, 19-21, 23, 24, 35]. 

Figure 8, 9, and 10 depicts the number of building types used 

in the reviewed literature based on energy, daylight, and 

thermal comfort. For the energy analysis, a maximum of 57%, 

i.e., four of the literature were experimental models [4, 10, 24, 

35], 29%, i.e., two were office typology [13, 14], and 14%, 

i.e., one literature was residential typology [9]. Figure 9 

depicts the number of different building types in the reviewed 

literature based on daylight. 43%, i.e., nine of the literature 

studied were experimental models  [10-12, 15, 19-24], 29%, 

i.e., six were office typology [6, 7, 13, 14, 17, 18], 14%, i.e., 

three were residential typology [8, 9, 22], 5%, i.e., one 

mixed-use building [5], and  9%, i.e., two were general 

building [2, 17]. Figure 10 depicts the number of different 

building types in the reviewed literature based on thermal 

comfort. 43%, i.e., six of the studied literature were 

residential typology [13, 25, 26, 30, 32-34], 22%, i.e., three 

were urban courtyard [27, 28, 31], and 14%, i.e., two were 

experimental models [11, 18]. 

The analysis provides us an idea that, generally, 

experimental models were considered for the study for 

daylighting and energy. While for thermal comfort, 

residential typologies were studied in maximum cases. There 

was a gap in the study of daylighting in courtyards of the 

residential typology. 

 

Fig. 7. Number of different building types in the reviewed 

literature. 
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Fig. 8. Number of different building types in the reviewed 

literature based on energy. 

 

Fig. 9.  Number of different building types in the reviewed 

literature based on daylight. 

 

Fig. 10. Number of different building types in the 

reviewed literature based on thermal comfort. 

F. Verifying method 

Figure 11 shows the percentage of reviewed literature 

verified with calibration, validation, and not verified. 35% of 

the literature was calibrated, 15%  were validated, and 50% of 

the literature was not calibrated or validated. Figure 12 shows 

the percentage of verifying methods used in the reviewed 

literature based on daylight. 45% of studies were calibrated 

[6, 9, 10, 14, 17-19, 21], and 20% were validated  [4, 7, 9, 28] 

based on daylight.  The study says that calibration and 

validation is the major step in the research based on daylight 

analysis. 

 

Fig. 11. Percentage of verifying methods used in the 

reviewed literature. 

 

Fig. 12.  Percentage of verifying methods used in the 

reviewed literature based on daylight. 

G. Simulation tools used 

Figure 13 illustrates the different state-of-the-art 

simulation tools which were used in the reviewed literature. 

Radiance was introduced in 1994; it is a 

command-line-based- program. Radiance doesn‟t have any 

user interface, which is a negative point, but it is very accurate 

in calculating the daylight in both overcast and climate-based 

sky conditions. In the overall reviewed literature, Radiance 

was used in the maximum, i.e., six [4, 12, 15, 16, 22, 23], 

Design builder was used in five  [8, 9, 11, 19, 32], and 

Velux-Relux were used in five [13, 20, 24]. In the reviewed 

literature which talked about the energy analysis, 

Velux-Relux was used in two [20], Design builder was used in 

one [19], DOE2.1E. was used in one [35], and Archsim was 

used in one [7] of the reviewed literature; see Figure 14. 

Figure 15 illustrates the number of reviewed literature that 

discussed daylight; Radiance was used in six [4, 12, 15, 16, 

22, 23] of the reviewed literature, Velux-Relux was used in 

three [13, 24], and Design builder was used in three [8, 9, 11], 

and DAYSIM was used in three [15, 17, 21]. Figure 16 

illustrates the number of reviewed literature based on thermal 

comfort, majorly Designbuilder were used in two [11, 32], 

Ecotect was used in two [26, 30], and ENVI-Met were used in 

two [27, 31], of the reviewed literature. Honeybee-ladybug 

was used in 5%, i.e., one literature based on daylight [23]. 
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 It is a plugin software of Grasshopper that uses Radiance 

and DAYSIM for daylight analysis. The software carries user 

friendly format and free accessibility to the user. It is 

suggested to use Honeybee-ladybug in the research based on 

parametric environmental analysis. 

 

Fig. 13. Number of different simulation tools used in the 

overall reviewed literature. 

 

Fig. 14. Number of different simulation tools used in the 

reviewed literature based on energy. 

 

Fig. 15. Number of different simulation used in the 

reviewed literature based on daylight. 

 

Fig. 16. Number of different simulations used in the 

reviewed literature based on thermal comfort. 

H. Daylight matrices adopted 

Figure 17 depicts the number of different daylight 

matrices used in the reviewed literature based on daylight. 

Maximum 35% i.e. eleven of literature used DF (Daylight 

Factor) [4-10, 20-24], 19% i.e. six used UDI (Useful Daylight 

Illuminance) [7, 14, 16, 17, 21, 22], 19% i.e. six used DA 

(Daylight Autonomy) [7, 13, 15, 17, 21, 22], 9% i.e. three 

used sDA Spatial Daylight Autonomy [7, 14, 21], 10% i.e. 

three used ASE (Annual sunlight exposure) [7, 14, 21],  and 

9% i.e. three used E (Illumination) [8, 12, 13]. DF was 

analysed in the overcast sky conditions, and all other matrices 

were analysed in climate-based sky conditions that define the 

detailed analysis of the building. Illumination (E) was used in 

a few of the literature, which defines the amount of light at a 

point on a particular day at a specific time. It was a gap in the 

reviewed literature to consider illumination level analysis for 

the existing case. 

 

Fig. 17. Number of different daylight matrices used in the 

reviewed literature. 

I. Methodology adopted  

The reviewed literature was categorized as per the 

methodology adopted in the studies. In the overall analysis, 

50%, i.e., nineteen of the literature were adopted the 

experimental-simulation methods in which collected site data 

were calibrated or validated with the simulation data [4, 6-9, 

13, 16-20, 23, 24, 26, 27, 32, 35], or physical models were 

analysed in different conditions to achieve the results.  21%, 

i.e., eight of the literature were based on the simulation 

methodology, in which direct simulation was carried to 

achieve the results [5, 12, 21, 22, 25, 32, 36]. 10%, i.e., four 

of the literature used mathematical methodology [ 10, 28, 29, 

38], 5%, i.e., two of the literature used 

mathematical-simulation [1,31], 3% i.e., one of the literature 

used parametric [14], 8%, i.e., three of the literature used 

theoretical [39,40], and 3%, i.e., one of the literature used 

experimental methodology [10] see Figure 18. 

Figure 19 depicts the number of the reviewed literature 

based on the methodology adopted for energy analysis. 50%, 

i.e., two of the literature adopted experimental-simulation 

methodology [9, 35], 25%, i.e., one used simulation 

methodology [36], and 25%, i.e., one used parametric 

methodologies [14]. Figure 20 shows the number of the 

reviewed literature based on the methodology adopted for 

daylight analysis. 
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 The Experimental-simulation methodology was used in 

64%, i.e., fourteen of the reviewed literature [4, 6-9, 13, 

15-20, 24], and 23%, i.e., four of literature adopted simulation 

methodology [5, 11, 12, 21, 23]. Figure 21 shows the number 

of the reviewed literature based on the methodology adopted 

for thermal comfort analysis. The experimental-simulation 

methodology was used in 41%, i.e., five of the literature [26, 

27, 30, 34]. 25%, i.e., three used simulation [11, 25, 32], and 

17%, i.e., two of the literature used mathematical 

methodology [1, 31]. It can be seen that experimental- 

simulation methodology was used in maximum numbers of 

the reviewed literature. For any research work based on 

daylighting, calibration or validation were important for 

verification of the data; together with these verifications, the 

experimental-simulation methodology should be adopted.  

  

 

Fig. 18. Number of the Overall reviewed literature based 

on the methodology adopted. 

 

Fig. 19. Number of the reviewed literature based on the 

methodology adopted for energy analysis. 

 

Fig. 20. Number of the reviewed literature based on the 

methodology adopted for daylight analysis. 

 

Fig. 21. Number of the reviewed literature based on the 

methodology adopted for thermal comfort analysis. 

J. Methodology framed  

The research begins with reviewing the literature of the 

associated field. The study of literature was divided into two 

parts.  

 Part 1 carries the literature associated with the 

courtyards, courtyard houses of Composite climate, 

daylighting in courtyards, parameters related to 

courtyards, and daylighting.  

 Part 2 carries the literature associated with the 

methodology, which covers simulation technics, 

associated software, weather files, sky conditions, 

calibration, and analysis of data.  

Analysis of the literature review was done to find out the 

study gap to formulate the methodology. 

The second stage was selecting the case studies. The criteria 

for determining the cases were based on the age of the houses, 

type of courtyards, type of placement of courtyards, climatic 

zones, and collection of the data from the site.  

       Collecting the illumination data with a certified Lux 

meter. The analysis of courtyard parameters was done that 

plays a key role in achieving adequate daylight in the 

courtyard with the help of plans and sections. 

       The third stage carries the modeling cases on the 

software, as precise as the actual site condition. Models of all 

the cases can be replicated on Sketch Up 2017, then 

simulation of all the case studies can be carried out on the 

parametric daylighting analysis software. Honeybee-Ladybug 

based on Radiance is recommended for the simulation. 

Grid-based illumination analysis to be done with fixed 

radiance parameters and weather file. Calibrating the site data 

with the simulation data for the same time and dates. Further 

simulation to be done on the standard days of the year, such as 

equinox and solstice. Comparing and analyzing all cases to 

find the results. Figure 22 illustrates the methodology framed 

for the study of effective daylighting in the courtyard houses 

of composite climate. 
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Figure 22. Methodology framed for the research. 

IV. CONCLUSION 

The paper fulfills the aim of the research to formulate a 

research methodology for the analysis of effective 

daylighting in courtyard houses of composite climate. 

Studying the publication year, climate zone, sky model, 

weather file, building type, verifying method, simulation 

tools, daylight matrices, and methodology adopted of the 

reviewed literature framed the methodology Figure 22. 

Moreover, this research paper gives the following 

outcomes. 

 From the study, it is evident that daylight is the first 

choice of the present researchers for analyzing the 

built space. 

 It will be helpful to refer to the latest literature study 

for the research work. The capabilities of new 

matrices were enhanced because of the availability 

of a variety of simulation tools.  

 Courtyard houses of Composite climate were 

generally studied for thermal comfort in major cases. 

The study of the courtyard houses in Composite 

climate for daylighting purposes was minimal; it is 

required to fill the gap.  

 The experimental model‟s based research studied in 

the reviewed literature used overcast sky conditions 

for the Daylight factor in significant cases. Studies 

using climate based sky condition seems in limited 

cases, future researches can be done using climate 

based sky for detailed analysis. 

 For the daylighting analysis, the researchers prefer the 

experimental model instead of actual residential 

typology; on the other hand, real cases were used in 

the major reviewed literature for thermal comfort 

analysis. It is advised to use actual residential 

typology for future daylighting study. 

 Various simulation tools were used in the reviewed 

literature; their maximum was based on energy plus 

and radiation. Honeybee-Ladybug is suggested for 

the parametric environmental study. 

 New daylight matrices based on climate-based files 

can be used for achieving detailed results. 

 For any research work based on daylighting, 

calibration or validation were important for 

verification together with experimental and 

simulation methodology can be adopted. 
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