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ABSTRACT 

 

 One of the driving forces for a country's economy is its energy consumption. With a rise in 

electricity prices, fossil fuels being a finite resource, and their major role in producing greenhouse gas 

emissions (Environmental Protection Agency, 2013), it is important to minimize energy use and or 

convert to alternative energy sources. The use of natural daylight for lighting the interior of buildings can 

reduce prime energy demand and lower negative impacts on the environment. 

  This research study provides some design guidance of toplighting systems for school classrooms 

in hot climates such as in Muscat, Oman. This work can serve to advice not only engineers, but also  

architects by providing an understanding of the relationship between daylight delivered through rooftop 

fenestration systems and the heat gain resulting from these systems.  Usually, for architects, the focus is 

on building design and less emphasis is placed upon building performance and its effectiveness. 

Integration of energy simulation tools into the design process can help assess the performance of 

toplighting and its correlation to energy savings within a space.  The aim of this study is to assess 

appropriate daylighing conditions that do not significantly over-light a space while providing a favorable 

energy balance between cooling and electrical lighting loads.  

 A classroom analysis of a 9 meter (30 feet) wide by 7.6 meter (25 feet) deep by 3 meter (10 feet) 

high space was conducted using two simulation programs: DAYSIMps and IES-VE. Three types of 

rooftop fenestration were analyzed: skylights, clerestory roof monitors, and roof monitor. Standards for 

the base model follow the ASHRAE 90.1/ IESNA 2013 prescriptive fenestration guidelines. Aperture 

placement, glazing type, size, and shape are variables that determine illumination and heat gain levels 

present in the classroom. Adjustments to these parameters were analyzed and compared to the baseline 

model with no toplighting fenestration in order to assess illumination, glare, energy, and savings 

response.  
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1 BACKGROUND  
 

ñThe cast glass, which makes up the outer layer of the fa­ade, sporadically reflects the 

light and periodically shrouds the gleaming metal writing behind it. In this way, the light 

is the only material around the building which is forever changing.ò- Roger Diener 

 

1.1  Introduction  
 

As the world transforms into a whole web of integrated technologies, building systems should 

evolve in the same direction; where the building interior and facade communicate effectively with its 

external surround (see Figure 1.1). Daylighting has been used as a method of illumination in buildings 

since ancient times. The Pyramids of Giza, Taj Mahal in India, and the Pantheon in Rome are all inspiring 

precedents that have incorporated natural light as part of their design scheme. Natural lighting use is not 

limited to illuminating dark spaces, but also utilized as a mean of enhancing space aesthetics, increasing 

occupant performance, improving the health of occupants, and providing significant energy savings. A 

certain aspect that makes daylighting variable is its dependence on geographic location. As a result, it 

interacts uniquely with each building, architecture, orientation, and surround. The Sultanate of Oman, a 

country located in the South-Eastern quarter of the Arabian Peninsula, is bestowed with abundant sunlight 

throughout the year. Allowing daylight infiltration into internal spaces should enhance indoor 

environmental quality, if measured design is put into consideration. One space type that would qualify for 

such investigation is that of a school classroom.  

 

 This introduction section will first discuss the purpose of this study and its significance in 

relation to energy consumption. Subsequently, the local climate and sky types will be presented. A section 

discussing the importance of solar position relative to the building façade follows. After that, the main 

features of the architecture in Oman and structural implications in relation to school buildings are 

outlined. Finally a closeout related to the comfort of occupants and heat gain considerations is explained.  

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Source: Albert, Righter and Tittmann Architects 

 

 

Figure 1-1: Evolution towards Less Energy Consumption 
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1.2 Research Purpose 
 

Concerns on energy source exhaustion and pollution that results from these sources has led the 

industry into reforming building design strategies that serve energy conservation and reduce 

environmental impacts worldwide.  In Oman, most buildings have small window openings, which implies 

a constant struggle between admitting daylight or blocking heat from entering the interior (see Figure 1-

2). In general, it is rare to see buildings that deploy natural light in this climate setting, let alone 

implementation of a system such as skylights. The overlying purpose of this study is to create a general 

reference for Architects and Engineers who are interested in implementing toplighting in classrooms 

within the Middle East or in similar climates. This research examines the use of different roof fenestration 

types in order to discuss the opportunities and pitfalls of each system and their performance with regards 

to energy savings.  

 

 

 

Source: beta uniandi, Lee Blog 

 

1.2.1 Research Hypothesis  

 

The Hypothesis statement that is assumed for this study is as follows: 

 

Appropriate toplighting systems will result in an overall annual energy savings in a classroom space 

for hot climates such as in Muscat, Oman.  

 

1.3 Oman's Energy Consumption 
 

Energy usage plays an important role in the economic growth of a country. There is a linear 

relationship between the consumption of energy and a county's gross domestic product (GDP).  The main 

driving force for energy utilization in Oman is its climate; where cooling represents the major energy 

usage throughout the year. The International Energy Agency (IEA) collected data worldwide on total 

energy consumption for the year of 2010. The results indicated that Oman falls under the range of 250-

400 millions of British Thermal Units (BTU) per person, which ranks second on the bar scale as shown in 

In Figure 1-3. Oman, the main fuel source of electrical production comes from natural gas at 82%, 

whereas the rest comes from oil (see Figure1- 4).  

Figure 1-2: Typical School Fenestrations in Oman 
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Due to the abundance of natural gas and oil, the cost of electricity in Oman is inexpensive. 

Depending on the kilowatt hour (kWh) usage, electricity rates ranges from 10 baiza-30 baiza ($0.026-

0.07) per kWh for governmental and residential buildings. Note this is what the consumers pay depending 

on kWh peak use, where usage of 10,000 or more kWh is charged 3 times more than a usage of 3,000 

kWh. For buildings under the commercial sector, the charges are 20 baiza ($0.05) per kWh. The 

government subsidizes 50% of the total cost, which means that primary cost would be 40 baiza ($0.10) 

per kWh. Reduction in energy use will offer savings not only for the consumer but also for the 

government.    

The economic growth of Oman has been steadily rising since the 1980's, and simultaneously its 

energy usage. Currently, the population of Oman is around three million, and one third of it are 

foreigners. As reported by the IEA, the electricity consumption per capita in Oman  is 6,292 kWh, which 

is approximately half of the electricity use per capita in the USA at 13, 246 kWh (see Figure 1-5).  The 

energy consumption per capita in Oman doubled from 2000 to 2011. As global population increases and 

with the advancement of technology, energy demand may likewise increase. This demand increase, if 

dependent solely on fossil fuels, will result in an increased carbon footprint. Although electricity use in 

Oman is about 50% of the USAôs per capita, its carbon dioxide (CO2) emission is approximately 14% 

higher than in the USA (see Figure 1-6). The values for CO2 have tripled from the 1980's to 2010 in 

Oman, where Oman is considered third highest in the Middle East area for CO2 emissions per capita (see 

Figure 1-7). This increase presents a concern to the negative environmental impacts associated with 

greenhouse gas emissions.   

Historically, Oman has exported most of its oil and gas output to maximize revenues. According 

to the US. Energy Information Agency (EIA), in 2013 Oman exported more than 97% of its oil to 

countries located in Asia, with 60% of the exports directed to China. Contract obligations with other 

countries demand Oman to export 55% of gas reserves. These contracts are due for renewal by 2020, 

therefore the government created the Omani Vision 2020. One of the primary foci of this Vision is 

reducing the reliance on oil and gas and providing electrical power from inexpensive sources to meet 

domestic, commercial and industrial demands.  The 2020 Vision also plans to gradually cut down on 

government incentives and reduce its role in providing public services, therefore electricity prices will not 

stay the same. With the unstable production of oil and gas, these exports have led to a shortage of primary 

resources that generate electricity to meet domestic demands, especially during seasonal peak times.  

Oman has only one natural gas pipeline called the Dolphin pipeline. This pipeline runs through the United 

Arab Emirates to Qatar, where around 5-7 million cubic meters (180- 200 million cubic feet) is imported 

from Qatar per day, ranging from about 5-8% of the total gas production in Oman.  Likewise, the 

fluctuating price of oil and gas has lead the Omani government to promote studies where other energy 

resources are substituted. To date, no effective alternatives to replace the current natural sources have 

been implemented, but efforts are being made towards utilizing sources that reduce demand usage of oil 

and gas to create electricity.   
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Figure 1-3: Total Energy Consumption per Person, By Country, 2010 

Source: International Energy Agency 

 

 

 

 
Figure 1-4: Source of Electricity Production in Oman, 2010 

Source: Macro Economy Meter 
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Figure 1-5: Electrical Consumption Per Capita, USA, Saudi Arabia, Oman, 2011 

Source: The World Bank, 2014 

 

 

 

 
Figure 1-6: Co2 Emissions Per Capita, USA, Saudi Arabia, Oman, 2011 

Source: The World Bank, 2014 
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Figure 1-7: Co2 Emission Per Capita (Middle East), 2010 

Source: The World Bank, 2014 

 

1.4 Location, Climate and Sky Types 
 

The Sultanate of Oman is situated between the latitudes of 16° and 28° North and longitudes of 

52° and 60° East.  The country's size is approximately 300,000 km² (115,000 mi²) which is close to the 

size of Arizona in the United States of America, and it has a coast line of 1,700 Km (1,000 mi). Muscat, 

the capital city of Oman was chosen as a study location for this report. The North city of Muscat, falls at a 

latitude of 23.58 degrees North, and a longitude of 58.28 degrees East (see Figure 1-8). This location falls 

very near the Tropic of Cancer where the sun can lie directly overhead during the summer (see Figure 1-

9).   

   
 

Figure 1-8: Omanôs Location-Muscat 

Source: Free World Maps 

 

http://en.wikipedia.org/wiki/16th_parallel_north
http://en.wikipedia.org/wiki/28th_parallel_north
http://en.wikipedia.org/wiki/52nd_meridian_east
http://en.wikipedia.org/wiki/60th_meridian_east
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Figure 1-9: Sun's Rays Angle Striking the Earth Based on Latitude 

Source: Design Energy Simulation for Architects 

 

 

  The weather in Oman generally represents a hot and arid climate in the desert region and hot and 

humid along the coast most of the year with the exception of scattered rainfall that averages 

approximately 4 inches per year (National Oceanic and Atmospheric Administration, 1990) . The average 

low temperature is 17.3 C (63.1 F) during the month of January with an average high of 40.4 C (104.7 F) 

during the month of June (see Figure 1-10). Relative humidity ranges between 42-67% throughout the 

year and is at its peak during the summer. Though an ideal humidity level would depend on ambient 

temperature; humans are usually comfortable within the 50-60% range. The mean sunshine hours per year 

are 3,493.3 hours, which indicates that approximately 80% of the time during the year the sky would be 

clear in Muscat. Three main categories of skies are usually studied: clear, overcast and partly cloudy. The 

sky breakdown for Muscat will be addressed in the methodology section of this report using the Perez 

Sky clearness categories.   

 
 

 
Figure 1-10: Temperature Distribution and Summary Metrics, Muscat 

Source: IES-VE Software 
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1.5 Sunôs Position Relative to Location and Facade Orientation 
 

Elements such as the sun angle, time of the day, and building orientation affect the levels and 

magnitude of daylight and heat entering a space. The two parameters that describe the position of the sun 

in the sky are the sun's altitude and azimuth. The vertical angle between the horizon and the center of the 

sun's disc is defined as the sunôs altitude and the horizontal angle of the sun in relation to a cardinal 

direction is referred to as the azimuth. These angles can be determined using the charts from the 

Illuminating Engineering Society Handbook (Dilaura, Houser, Mistrick, & Steffy, 2011) Or via an online 

sun chart calculator. Noontime altitude angles for Muscat range between 85-90 degrees during the 

summer (May-July) the highest being during the month of June, and between 41-45 degrees at solar noon 

during the winter (November-January), with December being the lowest (see Figure 1-12). Overall, the 

sunôs altitude is relatively high throughout the year, and lower by approximately 45 degrees during the 

winter. During the summer in June the azimuth angle is between (70E -290W) with little direct sun to the 

South facing exposure (see f Figure 1-11). The azimuth angle is between (116 E-243W) during the month 

of December at sunrise and sunset of East and West, with no direct sun to the North facing exposure. The 

position of the sun generally infers that the areas mainly affected by the intensity of direct sunlight and 

heat are façades facing South, West, East and the rooftop. During summer at noon, the sunôs altitude is 

nearly perpendicular to the horizontal plane; therefore we would expect equally intense exposure for flat 

or skylight rooftops during solar noon. We would also expect intense irradiance on the East and West 

facade during morning and evening hours especially during the summer and equinoxes of March and 

September.  The Northern façade would mainly get indirect sunlight. Precaution is needed to minimize 

cooling loads when adding glazing to the roof, South, West, and East facing façades.    

 

 

Figure 1-11: Solar Path Diagram with Suns Showing Monthly Solar Position at Solar Noon for Muscat-Oman 

Source: Pv Education 
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Figure 1-12: Solar Azimuth and Altitude Relative to Solar Time for Muscat-Oman 

Source: University Of Oregon 

1.6 Omanôs Architecture        
 

The elements that shaped building design in Oman have evolved and revolved around rejecting 

solar heat. Because of the hot arid nature of the country, most building surfaces and roofs are painted 

white to reflect the sunôs rays off the facade, therefore providing less heat gain. The roofs of the buildings 

are flat and generally contain the MEP equipment. Windows are symmetrically placed and structured 

throughout the façade with no regards to sun direction. These windows are usually shaded using blinds, 

fabric or external shading such as Masharabiya; a projecting window enclosed with wooden latticework 

creating a screen that filters light through the window into the room (Feeney, 1974) (see Figure 1-13). 

The wall of the buildings consist of concrete blocks that serve as a thermal barrier keeping the building 

cool from the inside, especially during high summer peaks. 

 
 

 

 

 

 

 

 

.  

 

 
   

 

             
Figure 1-13: Masharabiya System and Daylight 

Source: Qela, Erick Lafforgue 
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1.7 Daylighted School Spaces  
 

A typical school layout in Oman would consist of a large central courtyard with surrounding 

arcades that lead into classrooms. The combination of courtyards and arcades play a role in adding soft 

illumination throughout the hallways during certain times of the day. Nowadays, even the courtyards are 

covered with canopies in order to avoid intense solar illumination (see Figure 1-14). Most school 

buildings are one to two stories resulting in a wide footprint spread when compared to existing office 

buildings of ten stories. This extensive roof layout makes it more amenable to adding rooftop fenestration. 

Usually the method for providing daylight into classrooms is via windows, yet a lot of times this daylight 

transmission is restricted and blocked via shading devices. Incorporating a method such as a skylight with 

appropriate glazing material could assist in providing quality il lumination that is uniformly distributed 

over the room.  

 

 

 

 

 

 
 

 

 

 

Figure 1-14: Typical School External Layout, Oman 

Source: QPS-Oman 

 

 

1.7.1 Structural I mplications  

 

Studying the structure of a roof in a building is a crucial part in determining the type, spacing, 

size and feasibility of installing rooftop fenestration.  A typical roof structure in Oman uses reinforced 

concrete. Usually the slab for school buildings in Oman has a depth around 15-20 cm (6-8 inches) with 

beam spans of 3-4 meters (9-12 feet) and beam depth of 0.5 meters (1.5 feet) (see Figure 1-15).  Since 

rebar, mesh and beams run though this type of structure in both directions; it would be impractical to add 

skylights to existing buildings with a similar slab arrangement. On the other hand, a precast hollow core 

concrete plank can span a maximum of 9 m (30 feet) for the same slab depth range in new construction. 

These planks are typically 1.2 x 1.5 meters (4 x 6 feet), where the skylight could be situated using a metal 

saddle to hold it in place between the planks. Although a double tee slab structure may have a longer 

span, it is restricted in beam spacing and depth (see Table 1-1). For example, if spacing between one tee 

and another is 1.5 meters (5 feet) a minimum beam depth of 0.5 meters (24 inches) is required.  
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Figure 1-15: Typical Concrete Slab for School Building in Muscat (Left), Precast Slab (Right) 

Source: e-Space, Archiproducts 

 
Table 1-1: Summary Span/Depth Ratio For Concrete Systems 

Source: AE422-Dr.Boothby 

 

1.8 Occupant Comfort  
 

 Since buildings are built as habitats for people, it is important to take into consideration comfort 

measures that would satisfy the average occupant. As per the ASHRAE 90.1 standard, the benchmark for 

assessing comfort level is that 80% of occupants are satisfied. There are two concerns that should be 

considered when assessing comfort with skylights: thermal comfort and visual comfort.  

Heat gain in buildings located in hot regions is a major comfort concern. There are two sources of 

heat gain for a building: external and internal gains. External gains result from: roofs, walls, skylights, 

windows, ventilation and infiltration. Internal heat gain consists of heat emitted from lights, people, and 

equipment such as projectors and printers (Spitler, 2010) (see Figure 1-16).  These heat gains show up in 

a space either as immediate or latent loads that could surface after hours of storage in certain materials. 

Careful design should consider the effect of both gains to assure occupant thermal comfort.    
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 Thermal comfort is based on the ability of people to shed heat. Good human comfort is generally 

possible between the ranges from 70-75 F (21 C-24 C) depending on the climate and location. The 

temperature of the internal core of a human is 98.6 F (37 C) (Anderson, 2014). Having direct sunlight 

from window fenestration may cause asymmetrical discomfort, where mean radiant temperature would 

vary significantly, especially for students sitting next to the window. This asymmetrical distribution of 

heat, where direct sun hits one side of the human body, could cause high discomfort where a person is not 

able to shed heat evenly.  When a proper skylight system with translucent glazing is used, this problem 

should be eliminated.   

 

 
 

Figure 1-16: Solar Radiation and Heat Gains inside a Building 

Source: Photoshop, Engineer Pro Guides  

 

Visual comfort for roof fenestration includes glare assessment. One source for glare discomfort 

could be from the glazing type chosen. Selection of the glazing plays an important role in glare reduction. 

Using materials with diffusing properties would reduce the intensity of direct beam radiation entering a 

space. Another problem that could arise with skylights being a discomfort source to the eye, could be in 

the high contrast between the ceiling and the skylight. Although proper design of a skylight well can 

prevent direct view into the skylight, and thus reduce glare, most roof structures for public schools in 

Oman consist of a thin concrete slab system that does not allow for a well. Also, selecting direct/indirect 

luminaires could help in minimizing this effect. 

1.9 Heat Gain Considerations 
 

 When radiant energy is absorbed by a material, it is released over a period of time either through 

conduction, convection or radiation. The time interval it takes to release solar energy highly depends on 

the thermal mass properties of that material. Similar to the relation of solar transmittance and heat gain, 

solar design and thermal storage have an inseparable association. Thermal mass is the ability for a 

material to absorb, store, and later release heat. A material with higher thermal mass has the ability to 

store heat for a longer period of time. Similarly, a material with higher thermal diffusivity will release 

heat into a space more rapidly than a material with less diffusivity.  The U-value (thermal transmittance), 

and R-value (thermal resistance), alone are not adequate to represent heat transfer from material 

assemblies into a space and do not consider the thermal mass effect of delayed heat load. Most buildings 

in Oman are constructed from masonry blocks and concrete, which serves as an advantage because of 

their high thermal mass properties. These materials have a capacity of absorbing radiant heat slowly and 

releasing it up to 3-5 hours later. This effect is a very important consideration when designing for peak 

AC systems cooling loads.  
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When the building envelope is of higher thermal mass, less heating and cooling loads appear as 

indoor temperature fluctuations and spikes, which leads to a more balanced load on the mechanical 

system and less energy consumption. This advantage could also lead to a shift in energy demand during 

the electrical demand peak load time and transfer the load to periods where utility rate charges are lower. 

In some cases within a hot climate, where low temperatures occur during nighttime, the building mass can 

be allowed to cool down via natural ventilation and then absorb heat again during the daytime.  During 

peak outdoor temperatures, the indoor space remains cool due to heat storage into the mass, which 

improves building performance, especially in hot climates. In cold climates this advantage can be used to 

collect and store heat that is later used to heat a space.  
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2 LITERATURE REVIEW  
 

ñIt is impossible to overestimate the important influence of natural light on the interior and exterior 

forms of buildings and on those who dwell in them. So daylight is the natural beginningò-Derek Phillips 

 

2.1 Introduction  
 

 The current trend in lighting design has been moving towards incorporating daylight as an 

integrated design approach that not only benefits the occupants but also provides energy savings.  To 

support this research effort, the following literature review will first demonstrate the significance of 

energy efficiency and codes. Then, benefits of natural light in relation to health, occupant productivity, 

and energy savings is discussed. Second, skylight systems in schools will be addressed. Next, the topic of 

skylights, their advantages, types, and shapes will be presented.  Then, an examination of typical climates 

for skylight application is introduced, followed by an explanation of glazing material selection for hot 

climates. Finally, work involving the use of skylights in hot climates is presented. 

 

2.2 Energy Savings and Codes   
 

Since the building industry has undergone various environmental and energy challenges in 

response to reducing the contribution of buildings to climate change, many new commercial buildings are 

targeting Ed Maziriaôs net-zero challenge by 2030 (see Figure 2-1).  At present, organizations such as 

ASHRAE are working towards mandating baseline construction codes that exceed current LEED 

requirements for building energy efficiency. The way building construction has to transform, if net-zero is 

to be achieved, is through better envelope integration, daylighting, and daylight harvesting, and upgraded 

system technologies.   

 
Figure 2-1: Net Zero Challenge 

Source: Architecture 2030 
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About half of the USA energy consumption and greenhouse gas emissions comes from the 

building sector (U.S Department of Energy, 2012). The building sector consumes as much energy as the 

industry and transportation sector all together. The goal for the building industry is to reduce energy 

demand and usage. In order to achieve this, the building industry energy consumption needs to be 

reduced. In the USA 75% of all the electricity produced is used to operate buildings, 40% of that, which 

accounts for electrical usage, and 27% in total energy usage, is for commercial buildings. In comparison, 

Energy consumption of Oman's building sector is around 55% of the country's total energy demand and it 

has increased by 59% from 2005 to 2010, which is more than half (Ministry of National Economy, 2010). 

This increased demand results in an increase in CO2 emissions. According to the Earth Trends report for 

2003, electricity produces the most CO2 emission into the atmosphere in Oman where it accounts for 30% 

of the total emission with manufacturing and construction after it (see Figure 2-2).  

 

Figure 2-2: Percentage of Co2 Emission by Sector, Oman 1999 

Source: Earth Trends 

 

 

According to US. DOE, refined building energy standards and codes have the potential of saving 

the U.S.A consumers $330 billion by 2040, which is equivalent to 80 quads of energy savings and over 

6.2 billion metric tons of CO2 emissions (U.S Department of Energy, 2014).   In Oman there are no 

specific dedicated government agencies that promote energy efficiency. Therefore, no definite code is 

followed. The Oman Green Building Council (OGBC) was formed in 2009 under the Oman Society of 

Engineering and consists of professionals from different academic backgrounds, sectors, and government 

officials. This agency focuses on bringing awareness towards sustainable design and forming building 

solutions that serve the environment. Portions of codes, such as ASHRAE 90.1, are adopted by certain 

government bodies as guidelines but not as regulated code requirements.   

 Energy codes provide minimum codes for building construction, however nowadays there is a 

shift in these minimum code regulations where they are becoming more stringent. In the USA codes 

geared towards energy consumption and savings are a product of different governmental agencies and 

organizations such as ASHRAE, ICC, IES, and ANSI. The United States Department of Energy, created 

in 1977 as a response to the oil crisis in 1973, funds and sponsors a majority of the national laboratory 

research in relation to building energy efficiency. The U.S. DOE supports the energy code refinements 

process administrated by ASHREA and ICC. These funded research activities are used to shape energy 

codes in the USA  

Following the process of code compliance is important where the appropriate energy code needs 

to be selected in relation to the building type. A compliance path needs to be chosen next within the 
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applicable energy code, and a familiarity with the code requirements needs to be established. After that, 

the building must be designed to meet the requirements of these codes. Documentation comes next with 

the plans and specifications, followed by the construction of the building, and documentation of the as-

built conditions. Following these steps may not always reward an energy efficient building. 

Commissioning of the building systems and subs-systems needs to be performed and verified as to 

whether they are meeting design intent. In addition, a continuous improvement building loop system 

needs to be implemented in order to obtain constant improvement towards reducing energy use.  

 

2.3 Daylighting Benefits  

2.3.1  Health 

 

Radiation from the sun can be beneficial to the human body and harmful at the same time 

(Tregenza & Wilson, 2011). A balance between damaging exposure and the optimum level of daylight 

should be considered when designing a building. Several studies have addressed the possible link between 

illnesses and lack of sunlight (Lam et al., 2006).  Daylight is also a vital source of vitamin D. Studies 

have shown that insufficiency in vitamin D could increase the risk of cancers, autoimmune diseases and 

osteoporosis. Recent research indicated that vitamin D deficiency is a problem affecting the Omani 

community. In the study, 87.5% of Omani participants were categorized as vitamin D deficient (Abiaka, 

Delghandi, Kaur, & Al-Saleh, 2013). Although most glazing blocks the shorter ultraviolet B (UVB) rays 

that are responsible for the vitaminôs synthesis process inside the human body; school buildings that 

incorporate open courtyards and spaces permit direct sunlight exposure to the skin when students are 

outdoors.  Currently, there is no typical glazing material that would admit UVB rays into a building, 

while at the same time not admitting the intense direct sunbeam.   

Seasonal Affective Disorder (SAD) is an illness that has been linked to a deficiency of natural light 

during gloomy seasons (Ashkenazy, Einat, &Kronfeld-Schor, 2009). A study conducted in a small Russian 

village, located at 70 degrees North latitude, reported that 27% of the population experienced symptoms of 

SAD during winter time. These symptoms included depravation of sleep, depression, and fatigue. In the 

experiment conducted by Hansen and others, it was noted that patients suffering from SAD got relief from 

their symptoms when exposed to daily doses of light (Hansen, Lund, & Smith-Sivertsen, 1998). This 

experiment lacked assessments that incorporated natural light into its findings; and instead focused on 

artificial sources. Evidence was presented that when the eye is exposed to less than 1 kilo-lux of illumination 

per day, a greater risk of experiencing SAD exists (Tregenza & Wilson, 2011). 

Ulrich (1984), found that patients that were provided a daylit window with a view to the outside 

environment experienced faster recovery than those who had a view of a brick wall (Ulrich, 1984). A study 

that was conducted within a two year period in Johnston County, North Carolina, observed six schools in 

which students attended classes. This study compared students who were assigned to a classroom with full 

spectrum lighting fixtures verses a classroom that used conventional lighting. The study observed that 

students under the full electrical light spectrum influence were healthier, attended school more frequently 

and maintained a better mood than their peers who studied under typical light sources (Nicklas, 2009). This 

study did not observe the effect of natural daylight on students.  

The brightness of natural daylight enhances spaciousness and openness of an area. Visual health is 

an important aspect for an individual's well-being. Eyestrain is considered a major health problem facing 

occupants in enclosed environments such as an office building or a classroom setting. This condition occurs 

when the eye is not allowed to focus at different distances over a long time period (Edwards & Torcellini, 

2002). Considering a view to the exterior, the balanced range of sunlight spectrum provides the eye with 
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an improved ability to focus and re-adjust. Additionally, proper daylight levels provide a suitable and 

optimum range for eyesight (Franta & Anstead, 1994). Although this study focuses primarily on toplighting, 

it is important to consider the element of an occupantôs view to the exterior for further research.  

2.3.2  Productivity  

 

A study that established the relationship between daylight and productivity was conducted in 2002 

(Figueiro et al., 2002). This study suggested that daylight plays a role in circadian rhythm regulation and 

concluded that workers placed next to a window focused better on work tasks in comparison to co-workers 

who had no daylight exposure through fenestration. Another study concluded that the presence of skylights, 

among other factors, was the third most important element in designing a retail space (Heschong, Wright, 

& Okura, 2002). During the 1980ôs, the benefits of sunlight were considered crucial; many countries in 

Europe required staff desks to be located at a minimum of 8 meters (27 feet) from a window (Franta & 

Anstead, 1994). 

Daylighting has also been proven to enhance the mood of students in school facilities (Nicklas el 

al., 2009.). This improvement yields greater motivation and higher achievement. The National 

Clearinghouse for Education has established a study "Do School Facilities Affect Academic Outcomeò and 

reported that increased student achievement and reduction of poor behavior was a product of increased 

daylight in classrooms (NCE, 2005). Another study investigated the link between daylighted elementary 

schools and productivity from three different schools (Heschong, Wright, & Okura, 2003). Even though 

this study was conducted for different school districts with different environments and climates: California, 

Washington, and Colorado; one factor remained constant within these studies. This factor presented a 

significant correlation between the studentôs productivity and increased daylight in classrooms.   

2.3.3 Mental Performance  

 

 Not only productivity improvements but mental enhancement was also linked to the availability 

of sunlight in a study environment. Researchers have stated that the lack of lighting in schools can 

substantially affect a studentôs ability to learn. In general, children can spend up to 40 hours per week 

under artificial light in a school building, especially if after school activities are involved. A 1999 case 

study, commissioned by the Pacific Gas and Electric Company, observed a strong correlation between 

schools that reported improvements in grades and the amount of daylight present in a classroom 

(Heschong et al., 1999).  This study stated that students exposed to more daylight in the classroom 

progressed 20% faster on their math tests and 26% faster in their reading tests. To follow up on the study 

done by the Heschong Mahone Group, another study was done in 2003 comparing different variables 

such as daylighting, HVAC type and classroom type to assess their correlation to improved learning. 

Daylight was proven to have a consistently strong association with learning improvements, where 

students in elementary schools showed up to 21% increase in learning rates (Heschong, 2003).    

 

2.4 Energy Savings 
 

Nowadays, the focus in construction has shifted to buildings that have the lowest negative impact on 

the environment (Selkowitz, 1998). Financed by the United States Department of Energy (DOE), a protocol 

was developed for assessing the benefits of green buildings. Through this protocol, the Daylight Dividends 

research program was established. Daylight Dividends inspected the effectiveness of daylight use in several 

types of non-residential buildings.  Formed in 2003, the research program investigated multiple case studies 

of different building types and reported on their energy performance. These studies focused on improving 

indoor environment quality, comfort, and building performance. The research also addressed the challenges 
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that face projects that use daylight, such as school buildings. Daylighting evaluation was performed under 

the program for four schools that have similar footprints in Northern California. Roof monitors and 

clerestories were the main focus of this study. Elements such as baffles, shades, light shelves and overhangs 

and their incorporation with rooftop fenestration were evaluated. Some of the challenges faced were 

inappropriate design of rooftop fenestration. For example, baffles added to a roof monitor facing North in 

a gymnasium space for one of the schools did not serve any purpose; and in fact blocked most of the useful 

daylight from entering the space (Eckerlin, 2005).  

Typically, a majority of working hours are during daytime; and a significant amount of electric output 

can be reduced through these peak hours of electrical use with daylight. Reduction of electric light usage is 

usually associated with significant energy savings. The National Clearinghouse for Education also stated 

that classrooms with effective daylight systems produced lower electric loads and experienced reduced 

cooling and heating loads (NEC, 2005). According to the U.S. DOE, 15% of the electricity consumed in 

the United States comes from electric lighting in buildings (Wymelenberg, 2014). A recent study in New 

York City indicated that daylight systems can potentially offer energy savings of over $70 million dollars 

when incorporated into office buildings in that city (Hinge, 2012). Research findings related to photocell 

control show that lighting electrical consumption can be reduced by 20% to 60% if a proper daylight control 

system is implemented (Littlefair, 2001). Controlling electric light via photosensors is becoming mandatory 

for building design in certain cities in the United States of America (U.S Department of Energy, 2012).  

 

2.5 The use of Toplight in Schools  
 

 A detailed study that provided guidelines to manufacturers and specifiers in 2013 touched upon 

the subject of photosensor performance in a classroom using different fenestration configurations 

(Mistrick & Sarkar, 2013). This study showed that a savings of 40-50% can be achieved depending on the 

lighting system used and occupancy schedule.  The research also indicated that dimming two to three 

rows of the luminaires would result in the most savings. This study was done using the advanced 

computer software, Radiance. Since the study results were based on a simulation tool, it would be 

interesting to compare the findings in an actual classroom setting. Another study was done in the same 

year that focused on the photosensor settings using closed-loop control and its performance in a 

classroom (Ranasinghe & Mistrick, 2013). One of the conclusions of this study is that an acceptable 

photosensor location in a classroom would be 3 meters (10 feet) away from the window with a ceiling 

height of 3.65 meters (12 feet). This study was focused on the calibration of photosensors in a room with 

windows only and did not study calibration impacts for toplighting.  Currently in the USA, energy codes 

require automatic control or minimal manual control of electrical lighting in areas where sunlight is 

available (US DOE, 2012)  

In the USA, several cities have implemented skylights into their school design scheme. Energy 

codes have started mandating skylight installations in large spaces such as warehouses or school 

gymnasiums.  An example of skylight implementation in school buildings is the Capistrano Unified 

School District in Southern California. The district has constructed a total of sixteen schools that 

incorporated skylights as part of a Board resolution on mandating natural light in the early 1980s (Edison 

International, 2003). Experimenting with different skylighting configurations, the system that seemed to 

work best is a splayed skylight that utilized an inverted plastic pyramidal prismatic Diffuser to disperse 

light evenly across the classroom (see Figure 2-3).     
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Figure 2-3: Daylight through Skywells 

Source: CUS- California 

 

A collaborative research project done via the Sultan Qaboos University in 2003 investigated 

different passive measures such as envelope insulation, glazing, and shading in relation to the variation in 

cooling load for school buildings in Oman. For the glazing, it was concluded that using a triple glazing 

material reduced the peak cooling load by 7.7% for the month of June. Since this study evaluated an 

existing school building plan, it only examined vertical windows, and it did not consider different 

orientations for the fenestration (Zurigat, Al-Hinai, Jubran, & Al-Masoud, 2003).  

 

2.6 Toplight  Size, Shape, and Type 
 

 Roof fenestration can vary in shape, size and structure. In general, deeper skylight wells produce 

a more focused distribution of light compared to wells with shorter depth. It has been determined that 

splaying a wellôs sides can significantly improve efficiency, and at the same time provide for a wider 

beam  distribution (Serres & Murdoch, 1990). In 2013, a new method was developed to calculate splayed 

well efficiency (Mistrick, 2013).  This method reinforced that splayed wells provide for more efficient 

delivery of daylight than vertical wells. Under the ASHRAE and IESNA Standard 90.1-2010, the general 

provisions for envelope compliance contain mandatory provisions that must be satisfied. This standard 

lists two compliance options: a prescriptive option and a performance method. The prescriptive path 

consists of following minimum code compliance, whereas the performance method has less implied 

restrictions in lieu to codes, with the condition of demonstrating minimum energy achievements.  For the 

prescriptive building method, the ratio of skylight area to roof area cannot exceed 5% in ASHRAE 90.1-

2010(ANSI/ASHRAE/IES, 2010). This ratio has been increased in ASHRAE 90.1-2013 to a maximum of 

6%, providing that a photocell lighting control system is implemented.   Although size and configuration 

of toplighting is important, it is equally vital to consider the position of the roof fenestration. South-facing 

clerestory glazing would contribute additional heat gain and glare, especially during the winter, in 

comparison to a North facing clerestory.  

Another toplighting method that has been established in the markets recently is tubular skylighting. A 

light tube typically contains a 25-54 cm (10-21 inch) diameter shaft with a rooftop solar collector that 

collects and delivers sunlight through it. Because of its shaft design, a light tube transmits less heat during 


































































































































