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With the rising global temperatures, developing countries are one of the most adversely affected countries by climate change. Furthermore, changes in lifestyle and unsustainable ways of development have resulted in a shift away from passive strategies in the construction industry, which contribute to excessive energy consumption. This demands immediate action to use passive strategies and one of the most widely used passive strategies is shading devices, which can significantly lower the indoor temperature and give the structure the most efficient energy performance. Shading devices were a dominant identity of traditional architecture in Pakistan; however, it has been evident during the past decade the use of such devices has become obsolete due to modernized solutions. This study aims to examine the performance and effectiveness of shading devices in terms of heat gain and daylight levels in residential areas. A comparative case study methodology has been used. The fixed overhanging shading devices of six residential units in Mansehra City, Khyber Pakhtunkhwa province, Pakistan, have been used. Sun angles are calculated through the SketchUp tool Curic Sun to analyze and determine the performance of overhanging in both summers and winters. This article reveals south shading devices as an essential part of houses built before 2,000 in Mansehra City. Though, houses built after 2,000 do not consider using south shading devices to maximize energy use. This study emphasizes considering the type, design, and use of shading devices according to the building’s orientation to improve building performance and energy efficiency.
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1 INTRODUCTION
Passive strategies, or climatic treatments that reduce thermal and solar radiation transmitted to the indoor area, limit the amount of energy required by the buildings for heating and cooling and provide natural light and ventilation. Energy is essential for sustainable development and anti-poverty initiatives because of its impact on socioeconomic, economic, and environmental development. However, the energy crisis is one of the most pressing issues facing the world today. The energy crisis is not only a threat to the economic progress of developing nations but also to the environment, as the overuse of non-renewable energy sources has led to a climate change situation with increased greenhouse gas emissions and global warming. Therefore, architecture and the built environment are key to mitigating the challenge of energy crises by using passive strategies that reduce the amount of energy for heating, air conditioning, and illumination. Such strategies, including adjusting the building’s orientation, placing various functional spaces according to their needs for daylighting and ventilation, and using shading devices, are very successful in all climates (Iba and Hokoi, 2022).
One of the most efficient passive strategies, shading devices are also easy and inexpensive to use. They manage the amount of daylight that enters the space while avoiding direct sunlight, which causes uncomfortable glare, and so minimizing the heat gain that gives the inhabitants thermal comfort and energy savings (Awan, 2022; Yusoff et al., 2022). On the other hand, climate change considerably influences the installation of shading devices in hilly dwellings. Shading devices are becoming more essential for keeping houses cool and minimizing the demand for air conditioning as temperatures rise and heat waves become more common. Changes in rainfall patterns and extreme weather events also impact the design and use of shading devices.
De Luca et al. (2022) also demonstrated how to shade components are the simplest way to prevent views of the bright external environment, which may interfere with obtaining visual comfort. Internal overheating can result from excessive solar energy penetrating the building. The fenestration area is significant to the building envelope because it acts as a transition zone between the internal and external climates. Buildings are significantly affected visually and thermally by incoming solar radiation. Solar shading mechanisms modify heat exchanges through the glass building envelope, minimize annual solar gains, and vary daylight levels in a structure as well as the view to the outside environment. Therefore, shadings affect how much energy is used for lighting, heating, and cooling a structure, as well as its occupants’ visual and thermal comfort (Xu et al., 2022). The wall surfaces that receive the shading devices might be internal or external (Mohammed et al., 2022). Moreover, external shading devices such as canopies, awnings, horizontal louvers, and overhangs are preferred over internal ones because they are more effective at reducing solar gains by preventing excessive heat from entering the building space. On the other hand, internal ones only prevent excessive heat from entering the building after thermal heat gain (Pushkar and Yezioro, 2022). Up to 95% of the solar energy that hits the surface of the structure can be blocked by external shading (Aldabesh et al., 2021).
In comparison to other sectors such as transportation, agriculture, and industry, the construction sector in developing countries such as Pakistan consumes the most energy, accounting for more than half of total consumption (Raza and Lin, 2022). In addition to altering construction methods, modern lifestyles also increase the need for energy to sustain life in primary and secondary/intermediary cities. The rural economy is connected to the major cities via Mansehra City, one of the intermediate urban hubs (Shakir and Ahmed, 2014). The city’s economic growth transformed people’s lifestyles, which eventually had an impact on construction trends. The traditional houses in Mansehra City have been well adapted to the area’s topography and temperature. The structures are constructed primarily of bricks and local materials. In traditional architecture, special focus is given to the window and opening elements. Examples include the use of small windows to enable visibility and let light and air in a while blocking solar heat and glare. The use of passive methods, for example, the pre-heating of fresh air, proper orientation of the windows and thermal mass, ventilation, etc., lowers the overall energy demand in comparison to a normal house being built in Mansehra city and also creates a comfortable internal environment. Most houses in Mansehra City now feature flat glass windows as well, which successfully solves the issue of inadequate residential ventilation.
Indeed, globalization has caused considerable changes in the construction sector, introducing new trends and techniques. On the other hand, the absence of shading devices might contribute to higher energy consumption in buildings. Windows, for example, that lack sufficient shading devices enable direct sunlight to flow into the structure, resulting in solar heat gain. This might result in higher cooling loads since the HVAC systems must work harder to remove the surplus heat. In hilly places, where the angle of the sun can change fast during the day, shading devices must be built to in a way that provides effective shade at different times of the day. This may involve the use of adjustable shading devices such as louvers, blinds, and awnings, which may be adjusted to provide varying amounts of shade at different times of the day. In addition to providing shade, shading devices can minimize the amount of direct sunshine that enters a house, thus lowering the danger of heat gain and damage to furniture and other goods.
Therefore, there is a need to address the question: how to design effective shading devices to minimize solar heat gain to reduce energy consumption and maximize shade with natural light and ventilation in the residential structures of hilly locations. One of the primary advantages of shading devices in hilly locations is that they have the potential to minimize the demand for air conditioning, which can be an important contributor to energy consumption and greenhouse gas emissions. Buildings may be constructed to be more energy-efficient and sustainable by including natural shading and ventilation. Therefore, regarding energy consumption and climate change scenarios, architects and engineers are becoming more and more interested in studying traditional techniques, such as exterior solar screens and shading devices, to apply them to modern structures. Therefore, examining how well shading devices function in terms of heat gain and daylight levels in residential settings is the primary goal of this study. This aim will be attained by 1) analyzing the exterior fixed overhangs of three eras’ dwellings in Mansehra city by calculating appropriate depth and width related to sun angles and window height; for this purpose, six houses were selected; and 2) investigating the best external fixed overhang types for the buildings in local climatic conditions. This study is crucial as it provides essential information for exterior shading design for all orientations in the hilly locations. Furthermore, the study can also contribute to reducing the city’s carbon footprint by decreasing energy consumption and promoting sustainable living practices.
2 LITERATURE REVIEW
Buildings require a lot of energy for a variety of reasons, including illumination, appliances, electronics, and heating and cooling systems. Electricity production in many regions of the globe is primarily reliant on the burning of fossil fuels, which emit greenhouse gases such as CO2. As a result, climate change and energy usage are closely linked. Extreme weather events such as heat waves, storms, heavy rains, hurricanes, and wildfires are becoming more common and powerful as a result of climate change. Furthermore, climate change is changing temperature patterns, resulting in higher temperatures in some areas and more frequent heat waves. This can influence the thermal comfort of dwellings, especially those lacking proper insulation, shading, or cooling systems. It may increase the need for air conditioning, resulting in increased use of energy and power. On the other hand, colder places may see more intense cold incidents, necessitating stronger insulation and effective heating systems. As a result, many measures may be implemented to reduce the impact of climate change on dwellings. These include building houses with passive design and methods such as the right design and installation of sun-shading devices and overhangs, which can help reduce energy usage and thus mitigate climate change.
Passive design is all about using the natural flow of energy to provide thermal comfort. Additionally, the proper building orientation, materials, and landscape must be chosen (Chen et al., 2021). Europe is where the idea of using passive design solutions that guarantee thermal comfort and energy efficiency in buildings first emerged. The first passive house was built in Darmstadt-Kranichstein, Germany in 1991, according to Schnieders et al. (2015) research on zero- and low-energy structures as well as an energy-autarchic solar house in Germany. The German Passive House Institute proposes the following definition of a passive house: “A passive house is a building in which thermal comfort can be obtained exclusively by post-heating or post-cooling of the fresh air mass, as required to meet sufficient interior air quality criteria–without the need for recirculated air”. Passive techniques began to be used in various types of buildings over time. According to the fundamental principle of passive design, a structure should prevent harsh exterior weather from having a negative impact on it (Chen et al., 2021). Similarly, controlling solar radiation is also one of the key issues that passive design addresses. Due to solar gains, solar radiation entering buildings can have a positive impact by reducing the need for heating energy during the cold months and a negative impact by increasing the need for cooling energy during the hot months; therefore, control is necessary to enhance the former and decrease the latter (Yu and Su, 2015).
The building envelope must filter the incoming solar radiation in order to penetrate the structure (Rashid et al., 2019). The fenestration area is significant to the building envelope because it serves as a point of exchange between the climatic conditions within and outside (Dabaj et al., 2022). Since large windows and expansive fenestration areas in architecture have grown popular in recent years, this has led to significant energy usage. Additionally, daylighting and occupant visual comfort are significantly impacted (Dabaj et al., 2022). Therefore, the significance of shading devices in reducing the heat gains within the structure is one of its main components, in addition to the fenestration design and large windows. A shading device is a projection onto a structure that serves a variety of purposes within it. For example, the right shading may minimize solar gain inside a building by filtering incoming solar radiation and allowing daylight to enter (Rashid et al., 2019). In seminal works, the ability of shading devices to regulate natural light in order to reduce occupant glare discomfort, provide acceptable daylight levels, permit views and connections to the outside, and enhance building energy performance has been demonstrated by Lechner (2014). Consequently, it is insufficient by itself to provide the desired results. It must also be used in combination with other strategies, such as the design and orientation of buildings (Hashemia and Khatami, 2017). In order to ensure maximum effectiveness, the use of shading devices necessitates a thorough understanding of the macro- and micro-climates of a region. According to Calama-González et al. (2019); Alhuwayil et al. (2019), the effectiveness of a shading device depends on the climate, geographic location, building orientation, solar angles, and the shading function, types and configurations. There are many different types and configurations of shading devices (Rashid et al., 2019). They can be fixed or moveable, amorphous or non-amorphous (Kirimtat et al., 2016). Additionally, modern technology has created shading devices with many functionalities, such as portable PV-integrated shading devices that can generate power from solar heat (Dehwah and Krarti, 2021). However, the fixed shading device is more affordable than the moveable since it is easier to build, has a simpler design, and doesn't need any unique systems or facilities (Heidari et al., 2021; Koç and Kalfa, 2021). Devices for shading can also be classified as external or internal. Three kinds of external shading devices exist vertical, horizontal, and egg crates.
In addition to using various categories, the right placement of a shading device is important for attaining the best results in lowering the heat gain in a building. The placement must also take into account the other passive design techniques used in combination (Gratia and De Herde, 2007). Combining horizontal and vertical shadings has allowed for a reduction in cooling energy of 18%–32% for a country with a hot environment (Alajmi et al., 2021). Furthermore, the north and south facades of buildings, where the sun is at a high angle immediately opposite the façade, are the ideal options for the fixed horizontal shading device. On the other hand, vertical shades are helpful when the sun is lower in the sky, such as when facing east or west. According to a current study that focused on India, vertical shading devices are also appropriate for use on north-facing windows in tropical regions with low latitudes. The sun rises in the northeast and sets in the northwest during the summer, which is the cause of this (Kabre and Kabre, 2018). However, the vertical shading device is unable to increase the amount of inside daylight (Hien and Istiadji, 2003). With the right integration, the egg-crate shading device can reduce direct solar radiation entering the room while increasing the amount of daylight that illuminates the interior (Calama-González et al., 2019). Additionally, the effectiveness of a particular type of shading device varies depending on the time of year or the climate (Calama-González et al., 2019). The shading device must minimize direct solar radiation in the summer and maximize solar heat in the winter for places that experience cold and warm climates (Sun et al., 2018). The location of the sun in relation to solar height and latitude, the orientation of the building toward the sun, as well as the physical characteristics of the shading device itself are the most important parameters that influence the behavior of any shading device (Kabre and Kabre, 2018). A similar investigation of shading devices was done in Bushehr City’s local architecture in southern Iran. Although this region of Iran is humid and warm, this study may still be applied to colder climates. It emphasized the application of climate-responsive technologies in traditional houses and how these solutions affected thermal comfort and cooling energy use when compared to contemporary designs. The findings showed that the solutions implemented in these residences, which mainly included preventing solar penetration into interior spaces through erecting shades over the openings, placing semi-open spaces under shades, using suitable materials in exterior walls, and providing cross ventilation by implementing suitable openings in terms of dimension and number, were an appropriate response to the regional climate behaviors. When compared with newly constructed structures without such features, it may enhance thermal comfort and reduce cooling energy consumption in these structures, which leads to a reduction in discomfort hours of between 12 and 34 percent and a reduction in cooling energy consumption of between 26 and 46 percent (Mohammadi et al., 2018).
According to Kusumawati (2016), the position of the sun—which determines the angle of sunlight—is determined by the local climate, the sun’s location, and Earth observations. It also depends on the season, the length of the daily irradiation, and the geographic latitude angle of observation. To calculate the angle of the sun’s location using direct observation, mathematics, and a graphical representation, a graphical technique utilizing calculations and observations may be used with a solar diagram (Kusumawati, 2016). In brief, designing any shading device is difficult, and several research studies have recommended different calculators for creating various kinds of shading devices. However, additional research is required to determine the most effective shading device to screen the area from excessive sunlight, allowing individuals to work or study in comfort with either natural or artificial illumination, depending on their particular needs.
On the other hand, concerns for the environment, including water and energy consumption, require new models of urban living based on policies and practices aimed at improving sustainability to a modern standard of urban life, in addition to traditional techniques for reducing energy consumption and indoor thermal comfort. These models may involve the energy transition, such as shifting from the use of non-renewable energy sources to renewable energy sources, because changes in building construction methods to combat the effect of temperature rise and climate change might result in unwelcome pressures in energy sector (Lucchi and Buda, 2022).
3 METHODOLOGY
To carry out this study, a case study, descriptive and exploratory research methodology was used. In order to identify the residential buildings that reflect traditional house typology and space arrangement of different decades, a field survey was carried out in various areas of Mansehra city, and one area has been selected that has the most houses from different decades (Figure 1). The selection of cases was divided into three decades based on the construction timeline: 1) 1990–2000, 2) 2000–2010, and 3) 2010–2020 (Figure 2). Furthermore, six houses were chosen from the study area, two from each decade, and were further classified according to area measurements. The criteria for the selection of houses are rooted on the parameters extracted from the literature review. These parameters encompass aspects such as orientation (Chen et al., 2021), management of solar gain and solar radiation (Yu and Su, 2015), sun position and sunlight angle (Kusumawati, 2016), various types of overhangs (Rashid et al., 2019) and the dimension/depths and functional efficacy of these overhangs (Mohammadi et al., 2018). Considering the traditional way of measuring houses all over Pakistan, one Marla is equal to 2722505 sq ft. Residential houses are selected in three categories: Category 1: 5 to 7 Marla Category 2: 8 to 12 Marla Category 3: 18 to 22 Marla. Further, descriptive analysis was done on case studies of residential buildings to explore the elements of the right sunshades in the city of Mansehra, KPK, Pakistan (Figure 2).
[image: Figure 1]FIGURE 1 | Map showing geographical location of Mansehra District in KPK and the location of Mansehra city (Source: CC BY-SA 4.0).
[image: Figure 2]FIGURE 2 | Map showing the selected houses in the study area, Mansehra city (Author, 2022).
First, primary data, through field notes and photographs, systematic observation of selected houses were conducted on four weekdays in November 2021 (10 am–5 pm). Later, the overhangs on the east, west, and south sides were documented for exploratory research. To compare the effectiveness of south side overhangs, sun Altitude angles on the shortest and longest days of the year, 22 December and 22 July (summer and winter solstices), were calculated, and south side overhangs were placed against the summer and winter solstices to see how effective they were in winters and summers against the highest angles of the sun. Furthermore, all six house models were placed against the Sketch up extension Curic Sun to find out the complete sun angles and real-time behavior of all sides’ overhangs on the longest and shortest day of the year and to test the overhangs of all sides (east, west, and south) against these sun angles other than the solstice. Based on the research problem, the descriptive method was used by tabulating the data obtained from building plan, section, and detail measurements.
4 FRAMING THE CASE STUDY AREA
In the Khyber Pakhtunkhwa (KPK) province, the Mansehra district is located on the Karakoram Highway, which connects to ancient Taxila, Kashmir, Gilgit-Baltistan, China, and Central Asia. It has a total area of 4,579 square kilometers and is located at latitudes 34° 14′ and 35° 11′ north and longitudes 72° 49′ and 74° 08′ east. Its population is between 127,000 and 150,000 (Khan et al., 2020). According to Shakir and Ahmed (2014), it is bordered in the north by the districts of Batagram and Kohistan, in the east by the district of Muzafarabad in Azad Jammu and Kashmir, in the south by the districts of Abbottabad and Haripur, and the west by the district of Swat.
According to Google Maps, Abbottabad, Peshawar, and the capital Islamabad are all 28.0 kilometers, 223.7 kilometers, and 161.0 kilometers, respectively, away from Mansehra City, which lies in the Mansehra district (Khan et al., 2020). The city’s climate is pleasant, warm in the summertime, and cold in the wintertime; the winter season lasts from October to March, and the summer season lasts from April to September (Khan et al., 2020). This suggests that there are two types of weather in the city, both of which have an impact on passive building methods. The Hazara people have a long history that dates back to the Stone Age. According to (Ali, 2005), there is evidence that methodical investigation and the discovery of archaeological materials linked this area to successive eras, including Persian, Greek, Mauryan, Indo-Greeks, Scythians, Parthians, Kushans, Hindu-Shahi, Islamic, Sikh, and British periods (Khan et al., 2020). The city’s annual population growth rate is 4.62%, as reported by the 2017 census, greater than the 3.58 percent annual growth rate predicted by Ace Consulting Engineers and the NWFP Urban Development Project (NUDP). The residents of this city have access to urban infrastructure, social services, transportation, and jobs (Shakir and Ahmed, 2014). Residential, commercial, and industrial land uses make up the majority of its use. Compared to other activities, the residential area makes up a higher share. The municipal government says most structures are between 10 and 50 years old. The overall number of houses in the Mansehra district, as reported by the KPK government, is 17, 2040, while the total number of houses in the city, as reported by the Mansehra municipality, is about 11,000 (Awan et al., 2011).
5 FINDINGS
This section presents findings from three different category houses. Two houses in each category have been investigated from their overhang details and cross-sectional analysis (see Table 1). In each category, house plans are used to explain overhang analysis while sun Altitude angles on the shortest and longest days of the year, 22 December, and 22 July (summer and winter solstices) were calculated (see Table 2).
TABLE 1 | Overhangs Details of 1990–2000, 2000–2010, and 2010–2020 category’s houses (Author, 2022).
[image: Table 1]TABLE 2 | Analysis of overhangs of 1990–2000, 2000–2010, and 2010–2020 category’s houses in summers and winters (Author, 2022).
[image: Table 2]5.1 Selected houses from 1990 to 2000
Two houses were selected from the 1990–2000 category. Both houses were located in Dab no 1. House no. 1 is a single-story 20 Marla house (5,444 sq ft) while house number 2 is a bit more compact and has two floors in 10 Marla (2,723 sq ft). Nine inches thick brick walls were used in the construction of both houses. Six inches R.C.C. roof and simple plain cement concrete floors were used in the construction. Semi-open and the open area were oriented on the south side making a south-oriented open courtyard. Both houses have No other open areas left on the west or north side (see Figures 3A, B).
[image: Figure 3]FIGURE 3 | (A) Plan of house 1 (Author). (B) Plan of house 2 (Author).
5.1.1 Overhangs detail and analysis of 1990–2000 category houses
House 1 had east side shading, and a 2 feet long roof extension was provided over windows, as well as 1.5–2 feet wide fixed R.C.C. overhangs followed the same length as the windows. Only house 1 had windows on the west side, shaded (R.C.C) with a 2 feet long roof extension. Both houses had roof extensions on the south side, which were 7–10 feet wide and ran the entire length of the linear plan (see Table 1).
5.1.2 Sectional study of overhangs of houses of 1990–2000 category houses
During the summer (June 21), the eastern façade and windows are exposed to direct sunlight for nearly 4 h from 6 a.m. to 11 a.m., and the sun’s angle varies from 11.300 to 71.430 degrees. East-side overhangs provide no shade in this time period because the angle of the sun is quite low, and these overhangs are horizontal in nature (Table 2). Because of this direct exposure, interior spaces are exposed to direct heat and light (also associated with glare problems). Western facades and windows are also exposed to the sun’s direct lower angle from 2 p.m. to 6 p.m. When the angle of the sun decreases and varies from 63.490 to 14.77, western overhangs were also horizontal in nature; therefore, they also failed to provide relief in terms of direct heat and direct light gain. Southern facades are exposed to direct and indirect sunlight for almost 8 h, from 8 a.m. to 4 p.m., during which the sun reaches its highest level at 12 p.m. with an angle of 78.94. The sun is in the southeast from 8 a.m. to 12 p.m., and from 12 a.m. to 12 p.m., it is in the southwest. As a result, the south side of buildings receives the most sunlight during the day (Table 2). Overhangs on the southern side were 7–10 feet wide, and they covered the maximum space of the building. These overhangs were perfect for providing shading from direct sun heat and direct sunlight see Figures 4A, B.
[image: Figure 4]FIGURE 4 | (A) Study of sun attitude House 1 on longest day of the year—21st June 2022 (Author). (B) Study of sun attitude House 2 on longest day of the year—21st June 2022 (Author).
During winters both house’s eastern and western façade receives direct sunlight, and as overhangs are horizontal in nature, they fail to diffuse the incoming light, but this is beneficial in terms of space heating. The southern façade receives maximum sunlight in winter for almost 4 h as shown in Figures 5A, B, and all the major activity spaces are placed in the south to take maximum benefit from the south sun in winter. Verandas (south side overhangs) provides heated covered spaces for a maximum period of daytime. It also creates different temperature zones between indoor and outdoor areas which create high pressure in indoor spaces and low pressure in outdoor spaces. This helps to ventilate the colder indoor air to the outside zone (Figures 5A, B).
[image: Figure 5]FIGURE 5 | (A) Study of sun attitude House 1 on shortest day of the year—21st December 2022 (Author, 2022). (B) Study of sun attitude House 2 on shortest day of the year—21st December 2022 (Author).
5.2 Selected houses from 2000 to 2010 category
Two houses were selected from the 2000 to 2010 category. Both houses are located on Safdar Road. The area of house 3 is 17 Marla (4,628 sq ft). While the area of house 4 is 11 Marla (2,992 sq ft). Nine inches thick brick walls were used in the construction of these houses. Floors were constructed of one-inch Marble while six inches R.C.C. was used in roof construction. The percentage of open area was 30%–36% of the total area in this housing category. Open areas are present on 3 or 4 sides of the house. A proper provision of the courtyard is missing in house 4. However, minor setbacks are 1.5–2 feet from boundary walls on both sides (see Figures 6A, B).
[image: Figure 6]FIGURE 6 | (A) Plan of house 3 (Author, 2022). (B) Plan of house 4 (Author, 2022).
5.2.1 Overhangs detail and analysis of 2000–2010 category houses
House 3 had south-side shading and a 2 feet long roof projection shaded windows. In addition, the north side of the house does not have any overhangs and shading devices that allow it to penetrate the sunlight in the interior spaces. Considering the windows and shading devices of house 4, it does not have any windows on the east side, but the rest of the sides have windows with the 2 feet long roof projections and follow the same length as the length of the wall. Both houses had roof extensions on the south side, which ran the entire length of the linear plan.
5.2.2 Sectional study of overhangs of 2000–2010 category houses
House 3 was shaded with a 2 feet long roof extension at the eastern side. The eastern side of house 4 also had a 7 feet roof extension but no windows. Windows on the west side were shaded by a 2 feet long roof extension and fixed shading devices made of R.C.C. that is 1.5–2 feet wide and followed the same length as the windows. There were no shading devices found on the north side. House 3 had windows on the south side, shaded by a 2–3 feet long roof extension. On the southern facades of house 4, two windows are available: one standard with a 2 feet window overhang and a 4 feet roof extension, and the other with an almost 8 feet long roof extension.
In the summer (June 21), the eastern façade and windows are exposed to direct sunlight for nearly 4 h from 6 a.m. to 11 a.m., and the sun’s angle varies from 11.30 to 71.43 degrees. East side overhangs provide no shade in this time period because the angle of the sun is quite low and these overhangs are horizontal in nature; because of this direct exposure, interior spaces are exposed to direct heat and direct light (which is also associated with glare problems, see Table 2).
Western facades and windows are also exposed to the sun’s direct lower angle from 2 p.m. to 6 p.m. when the angle of the sun decreases and varies from 63.49 to 14.77, and western overhangs were also horizontal in nature; therefore, they also failed to provide relief in terms of direct heat and direct light gain (see Figures 7A, B). In house 3, the southern façade was not continuous like in houses studied from 1990 to 2000. One of the structure sections was recessed back into the plot area in order to use it as car parking. This area also had a single-room window; the other part of the southern facade had just 2 feet of overhang on windows and 2 feet of roof extension.
[image: Figure 7]FIGURE 7 | (A) Study of sun attitude House 3 on longest day of the year—21st June 2022 (Author). (B) Study of sun attitude House 4 on longest day of the year—21st June 2022 (Author).
The model study shows that the southern façade was completely exposed to nearly 8 h of sun heat and direct sunlight in the summer (see Figure 8A). The other part of the southern façade was protected from the sun in summer. However, in winter, both parts of the southern facades and windows were able to catch the direct sun, heat, and light (see Figures 8A,B). In house 4, only four spaces were oriented on the south side, and all four have windows, but the overhangs provided are horizontal in nature (see Figure 8B). There is only a 2 feet extension wire included. All those windows and the entire southern facade were exposed to the summer sun as the overhangs were not wide enough to protect the windows from the higher angle of the sun; however, they provide some shade between 2 and 5 am.
[image: Figure 8]FIGURE 8 | (A) Study of sun attitude house 3 on shortest day of the year—21st December 2022 (Author). (B) Study of sun attitude house 4 on shortest day of the year—21st December 2022 (Author).
5.3 Selected houses from 2010 to 2020 category
House numbers 5 and 6 were selected from Safdar Road and dab no1. The area of house 5 is 17 Marla (4,628 sq ft.) while the area of house 6 is only 7 Marla (1905 sq ft) making it the smallest house among all categories used in this study. Nine inches thick brick walls were used in the construction of house number 5 while house number 6 was built by solid blocks. One-inch Marble was used in floors and six inches R.C.C. roof was used in both house’s construction. The percentage of the open area has reduced to 27%–30% of the total area the only semi-covered area is used as parking and on the left or right side had an open area. Setbacks of 2 feet from boundary walls also introduce in the open area which separates the plot boundary from internal walls (see Figures 9A, B).
[image: Figure 9]FIGURE 9 | (A) Plan of house 5 (Author). (B) Plan of house 6 (Author).
5.3.1 Overhangs detail and analysis of 2010–2020 category’s houses
A 2 feet long roof extension shaded the eastern-facing windows in House 5, and the windows also had fixed RCC overhangs that were all 1.5–2 feet wide and ran the same length as the windows. House 6 had an east-facing front with six windows, and all had R.C.C. roof extensions of different widths; all were horizontal. Windows on the west side of both houses were shaded by a 2 feet long roof extension, as well as fixed shading devices made of R.C.C. (1.5–2 feet wide) followed the same length as the windows. There were no shading devices found on the north side. House 5 had almost 10 feet of roof extension on the south side, while House 6 had no windows on the southern side (see Table 2).
Although in house 5 the east side had longer shading devices in comparison to other sides due to lower angles on the eastern side. However, these overhangs were not able to provide any relief in the summer as they were completely exposed to summer heat and light. The eastern façade and east side windows were facing south for almost 6 h. Conversely, this seems beneficial in winter as these facades face the maximum amount of winter sun, which provides needed warmth and daylight in winter (Table 2). Western facades and window overhangs remained the same as the previous ones and were exposed to declining sun heat and light for almost 4–5 h. Though, they also receive sun heat for nearly 3 h during the winter.
On the south side, house 5 had no windows, while house 6 had two south-facing spaces as well as a nearly 10 feet long roof extension that served as a horizontal shading device. Because of this roof extension, the southern façade and windows were completely protected from the sun in the summer, and in the winter, both the façade and windows were able to collect solar heat and light from 9 a.m. to 3 p.m. More details on summer and winter (see category 1).
5.3.2 Sectional study of overhangs of 2010–2020 category houses
House 5 was shaded with a 2 feet long roof extension at the western side. The western side of the other house (house 6) also had a roof extension running the wall length and shaded windows and ventilators. Windows on the north side of house 5 were shaded by the balcony projected 6 feet from the wall. No shading devices were found on the ventilators of the southern side of this house. The northern side of house 6 has a small ventilator covered with the roof projection. Similarly, this house had no windows on the south side, but the façade has 2 feet deep roof projection running throughout the wall length. On the eastern facades of house 6, there were three windows: one window shaded with the 2 feet deep roof projection while the remaining two were shaded with the projected balcony and eastern side of house 5 has two ventilators and one window with the two feet deep overhang and has roof projection running throughout the wall length.
In the summer (June 21), the eastern façade and windows are exposed to direct sunlight for nearly 4 h from 6 a.m. to 11 a.m., and the sun’s angle varies from 11.30 to 71.43 degrees. East side overhangs provide no shade in this time period because the angle of the sun is quite low and these overhangs are horizontal in nature; because of this direct exposure, interior spaces are exposed to direct heat and direct light (Table 2).
Western facades and windows are also exposed to the sun’s direct lower angle from 2 p.m. to 6 p.m. when the angle of the sun decreases and varies from 63.49 to 14.77, and western overhangs were also horizontal in nature; therefore, they also failed to provide relief in terms of direct heat and direct light gain (see Figures 10A, B). In house 5, the southern façade was not continuous like in houses studied from 1990 to 2000. One of its building sections was recessed back, and the space was used as a veranda (roof overhang) that also acted as a buffer space between the interior and exterior and prevented the sun penetration into the interior spaces. On the other hand, house 6 has no openings on the southern façade preventing the interior spaces from radiation from the hot sun (see Figures 11A, B).
[image: Figure 10]FIGURE 10 | (A) Study of sun attitude house 5 on longest day of the year—21st June 2022 (Author). (B) Study of sun attitude house 6 on longest day of the year—21st June 2022 (Author).
[image: Figure 11]FIGURE 11 | (A) Study of sun attitude house 5 on shortest day of the year—21st December 2022 (Author). (B) tudy of sun attitude house 6 on shortest day of the year—21st December 2022 (Author).
6 DISCUSSION
In order to provide adequate daylight levels, reduce glare, and at the same time offer a view connected to the exterior, this study evaluates the design possibilities of external shading devices with various depths and elevations for the case of houses in Mansehra City, KPK, Pakistan (see Table 3). The findings from this study demonstrates that the utilization of shading devices and overhangs in the structures is crucial to control the solar gains and the solar radiation penetration in the interior spaces (Table 3). This control is mandatory because it will reduce the energy use. As indicated by Yu and Su (2015), due to solar gains, solar radiation entering buildings can have a negative impact by increasing the need for cooling energy during the hot months; therefore, control is necessary. In this study, further supported by Rashid et al. (2019), the significance of shading devices and overhangs in reducing the heat gains within the structure is one of its main components, in addition to the fenestration design and large windows (Rashid et al., 2019).
TABLE 3 | Study outcomes concerning the preferred case study selection criteria and their alignment with existing literature (Author, 2022).
[image: Table 3]In addition, depending on the use of space, orientation of the building structure and the presence of direct sunlight, the interaction between depth and height of a shading device has an important effect on the houses constructed between the first decades of this study (1990–2000). However, in order to achieve better results a number of challenges must be dealt with in future design. For instance, the orientation and zoning of spaces must be considered in the design of the houses, and it is also suggested by Chen et al. (2021) that the proper building orientation, materials, and landscape must be chosen for passive design. In contrast, in the case studies of three decades, all the houses are east-oriented, and horizontal overhangs failed to protect the interior spaces from the solar radiation in summer because the angle of the sun is quite low. However, there is a close relationship between the dimension/depth of overhangs and solar gain. If the depth of overhangs on the façade facing will increase, then the penetration of solar radiation in the interior spaces can be avoided, as evidenced in house 1, where the overhangs on the southern side were 7–10 feet wide and covered the maximum space of the building. These overhangs were perfect for providing shade from direct sunlight. In contrast, the Southern façade and openings of houses 3, 4 and 6 are not completely protected from sunlight because depth/size of overhangs is not enough to block the rays of sun. These results align with the findings of Mohammadi et al. (2018), which showed that the solutions to prevent solar penetration into interior spaces through erecting shades of suitable sizes over the openings, placing semi-open spaces under shades, and using suitable materials in exterior walls were an appropriate response to the regional climate behaviors and led to a reduction in discomfort hours of between 12 and 34 percent and a reduction in cooling energy consumption of between 26 and 46 percent. However, itis also very important to consider the unavailability of land for the spaces therefore the size and design of shading devices should be considered consciously for all orientations.
From 1990 to 2000 category houses, most functional and commonly used spaces (such as kitchen) were oriented on the south side with verandas (south side roof overhangs), followed by fully open yards (see Figures 3A, B). This placement created a consecutive sequence of open, semi-open, and closed spaces. This variation in space created different pressure zones, forcing cool air to circulate in the summer and extracting cool air from indoor spaces into the open yards in the winter. The south side overhangs serve as an activity area for users in the summer because they provide shade in the summer and sun heat in the winter; additionally, these south side overhangs provide diffused light to indoor spaces in both winter and summer, as evidenced by simulations and sectional studies (see Figures 4A, 5B). These results align with a previous study by Rashid et al. (2019) in Lahore, Pakistan where the efficacy of horizontal shade has been suggested as more suitable for south orientation than east and west orientations (p. 7). Similarly, houses constructed in the year 2000 or later (second category) have a Southside overhang; however, planning in those houses is completely different compared to the houses built in the previous decade (See Figures 6A, B). Additionally, houses built between 1990 and 2000 have limited space usage. For instance, the drawing room, guest room, kitchen, and stores were placed on the east and west sides, which were exposed to both heat and light in summer but also received sun and light in winter. Only two rooms were getting benefits from these overhangs: drawing rooms and sleeping rooms. As these overhangs were not a feasible option, these spaces were subjected to direct light instead of diffused light, which caused glare and inconvenience. However, the design of the houses constructed in 2010 or later (3rd category) shifted from open to closed spaces because of minimum or no land availability and affordability (see drawings of houses number 5 and 6 in Figures 9A, B). In addition, the focus seems to fulfill the requirements of users that lack efficient space planning and result in the placement of commonly used spaces on the eastern and western sides that are directly exposed to the sun and heat (see Figures 10A, B). These results align with the results highlighted by Kusumawati (2016); the sun’s position determines the sunlight’s angle which depends on the local climate and the sun’s location.
Unfortunately, the area for shading devices on the south side has reduced over time, and the use of verandas (south side roof overhangs) as design elements and as shading devices has also been minimized because people prefer to cover the open spaces for other purposes such as rooms and other enclosed spaces in the houses constructed in the year 2010 or later. The percentage of south-shaded space has decreased in the overall covered areas of the studied houses. However, this practice is not favorable for the residents as indicated by Kabre and Kabre (2018) that the south facades of buildings, where the sun is at a high angle are the ideal options for the fixed horizontal shading device. On the other hand, east and west side shading devices remained almost the same because most of the space’s arrangement has been changed in the north and south orientation that was left open in the early decades due to many reasons such as copying modern planning from the west. Their sizes and designs remained almost the same during the studied period of time; in houses constructed in 2010 or later, however, separate window shades (window overhangs) disappeared. Between 1990 and 2000, the south sides of houses were well protected from the summer sun and received adequate sunlight during the winter. Shading devices on the east and west sides were not functional and effective (against the sun’s low angle) during the morning and afternoon. Since 2000, the south side of most houses has been completely exposed to summer sun, which causes indoor temperatures to rise, but they are somehow beneficial in the winter because they receive winter sun.
Overall, the eastern facades of all houses of three decades are exposed to the direct sunlight and overhangs are not sufficient enough to protect the interior spaces from the sun gain. This situation is ideal in winter when sun heat is required to heat up the internal spaces however, it increases the use of energy for cooling the interior in the summer. These results align with the study of Rashid et al. (2019) that emphasized the significance of shading devices and overhangs in reducing the heat gains within the structure and considered it as one of its main components, in addition to the fenestration design and large windows. (Rashid et al., 2019). Overall, southern facades of all houses of first two decades have horizontal overhangs to control the solar gain in summer that is very necessary to minimize the use of energy. These results aligned with the findings of Yu and Su (2015) as solar gains ingress solar radiation into the buildings can have a negative impact by increasing the need for cooling energy during the warmer months; therefore, effective control measures become imperative (Yu and Su, 2015).
7 CONCLUSION AND RECOMMENDATIONS
External shading devices and overhangs are more than just an aesthetic design feature of any façade; if properly designed, they also play an essential role in sustainable development by controlling heat and direct sunlight in the summer and allowing sunlight and warmth in the winter or other words by contributing to energy efficiency and reducing the environmental impact of buildings. This study concludes that southern shading devices, a prominent design element in traditional houses between 1990–2000 have become obsolete in contemporary house designs in Mansehra, KPK Pakistan. In addition, shading devices located at houses’ East and West sides remained the same with little changes in their design but were not found effective in their performance. Apart from these results, this study is limited to understanding the shading device’s effects on solar radiation, daylighting, and ventilation. Besides that, some limitations are associated with the Curic Sun tool used in this paper. Curic Sun has limited accuracy, scope, and functionality. Furthermore, Curic sun provides approximations rather than precise calculations. As a result, the results should be considered an approximation rather than an exact representation of the actual conditions. Despite the limitation, this study is a step to fulfill the knowledge gap from a medium size city Mansehra, KPK, Pakistan, and also provides an understanding of the performance and effectiveness of shading devices in terms of heat gain and daylight level in residential buildings. This study is expected to encourage more research into how a shading device affects both solar radiation and indoor thermal comfort. The combined effects are important to maximize the effectiveness of a shading device, which can lessen the penetration of solar radiation, improve indoor thermal comfort and mitigate climate change.
Based on the case study houses, the following guidelines are suggested for the future overhang design of houses in Mansehra, KPK, Pakistan: On the south side, two feet of horizontal shading devices (overhangs) are sufficient to protect the window from the sun. However, if this length is increased, windows and facades will be protected from the summer’s southeast, south, and southwest sun while being exposed to sun heat and diffused light in the winter. Western and eastern window projections (overhangs) need to be changed, as they failed to protect facades and windows from lower sun angles. Vertical and horizontal fins, louvers, and shutters are the best options to limit the heat and control the light on the west and south sides. Plantations (deciduous plants) are very beneficial for east and west shading as they shed their leaves in winter and grow them back in summer. In addition, building design should incorporate both passive and active thermal comfort strategies, allowing solar heat and diffused light in the winter and blocking heat and light in the summer. Local passive practices, such as open courtyards with plants, verandas, and open terraces on the south side, should be revitalized with a modern twist. This will help reduce energy demands while also keeping the temperature rising. It will also revitalize the traditional aspects of sustainability, and a sense of history, culture, and place, all of which are becoming obsolete in contemporary residential buildings.
However, this study has its own limitations, as most of the aspects are examined qualitatively, and the reliance of functional building plans. This study refrains from utilizing simulation tools to determine the thermal comfort performance of residential buildings. Thus, further research integrating quantitative assessments is required to produce more precise scientific data for residential buildings that engineers, and architects may use for sustainable building design in the region.
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alysis of overhangs in summers (1990-2020) - All houses have fixed horizontal overhang types (see Supplementary File S1 for the
detailed study of all houses in SketchUp)

Time Sun Sun Facade and openings Analysis
angle direction exposed to sun

6:00 AM nae East East side Houses 1-5 are east-oriented, and house no. 6 is south oriented. However, the eastern
fagade and openings are completely exposed to the sun, and horizontal overhangs are
not able to protect the eastern fagade and openings due to the lower angle of the sun.

800AM | 3526 South-East East and South side ‘The eastern faades of all houses are exposed to the sun, and solar heat penetrates the
interior spaces, but the southern fagade and openings are protected because of fixed
horizontal overhangs above the openings.

10: 59.90" South-East East and South side ‘The eastern fagades of all houses are exposed to the sun, and solar heat penetrates the
00 AM interior spaces, but because of fixed horizontal overhangs, the southern faade and
openings of 1-5 houses are fully protected, and in house 6, the southern fagade is
partially protected.

12:00 PM 79.1° South South side In Houses 1,2, and 5, the south side is completely protected from the sun due to the.
appropriate size and depth of horizontal overhangs. However, the southern fagade and
openings of houses 3, 4, and 6 are partially protected from the sun because the size and
depth of the overhang are not enough to block the complete rays of the sun.

200PM | 3526 South-West South and West side In all the houses, the south side is protected from the sun, but the western fagade and
openings are receiving sun light and heat because horizontal overhangs are not effective
against lower angles of the sun.

400 PM | 3898 South-West South and West side In all the houses, the south side is protected from the sun, but the western fagade and
openings are receiving sun light and heat because horizontal overhangs are not effective
against lower angles of the sun.

600 PM 1478 West West side West side is completely exposed to the lower angle of the sun, and overhangs are not
effective in providing shade in all the houses.

Analysis of overhangs in Winters (1990-2020)—All houses have Fixed Horizontal Overhang Types

800 AM 816" East East side Eastern fagades and openings are exposed to winter sun light and heat in all houses.
10: 25.08" East south East and South side Eastern and southern fagades and openings are exposed to winter sun light and heat in
00 AM all houses.
12:00PM | 3225 South South side ‘The south is completely exposed to winter sun because horizontal overhangs due to
their lower angle are not blocking winter sun.
200PM | 2614° South-west South and West side Both south and west facades and openings are receiving sun light and heat in all houses.
4:00 PM 982" West West side Western fagades and openings are completely exposed to the lower angle of the sun in

all houses.
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Fixed overhangs

Direction  Material House House House House House House
1 shading size 2 shading size 3 shading size 4 shading size 5 shading size 6 shading size
(L x Wx D) (LxWx D) (LxWx D) (L x W x D) (LxWx D) (L x W x D)
North N/A N/A N/A N/A N/A N/A N/A
East RCC (roof | 6'x2'x5" N/A 14'x2'x5" 6'x36/x5" 37'x10'x5" 33"x4'x5"
extension) 33'x7'x5"
RCC 22'x11'x5" 31'x2'xs" 33"x2'x5"
(window
overhang)
West R.C.C (roof 6'x2'x5" 6'x2'x5" 6'x2'x5" 55'x2'x5" 37'x10'x5" 47'x2'x5"
extension)
RCC 31'x2'xs"
(window
overhang)
South RCC (roof 60'x10'x5" 37'x7'x5" 57'x2'x5" 15"x2'x5" 37'x10'x5" N/A
extension)
RCC 536"
(window

overhang)
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‘The types of overhangs

Dimension/depths and functional
efficacy of overhangs

Results of study

“This study found that due to the low angle of the sun, all examined
cast-oriented houses, face challenges in using horizontal overhangs
to shield their eastern fagades and openings from solar radiation
during summer.

Overall, southern facades of ll houses in the initial two decades have
horizontal overhangs to control the solar gain in summer that is
crucial for minimizing energy usage.

Across three decades, the eastern facades ofall houses are exposed to
sun, with inadequate overhangs to protect interior spaces from solar
gain. While beneficial for winter heating, this setup increases energy
usage for cooling during summer.

Houses builtafter 2010 (3rd category) exhibit a transition from open
to closed spaces due to limited land availability and affordability.
Designs prioritize user needs but often lack efficient space planning,
leading to common areas placed on sun-exposed eastern and western
sides (see Figures 9A, B; Figures 10A, B).

Houses built between 1990 and 2000, the south side overhangs serve
dual roles: offering shaded activity space in summer and sun-
generated warmth in winter. Moreover, these overhangs provide
diffused indoor lighting throughout both seasons, confirmed by
simulations and sectional investigations.

Over time, the south side shading area has faded away, particularly
evident in houses built from 2010 onwards. Verandas, previously
utilized as both design features and shading clements, have been
scaled back due to preferences for enclosed spaces in newly built
houses. As a result, the proportion of south-shaded space within the
overall covered area of the studied houses has decreased.

Interaction between depth and height of a shading device has an
important effect on the houses constructed during the first decade of
this study (1990-2000). If the depth of overhangs on the fagade
facing will increase, then the penetration of solar radiation in the
interior spaces can be avoided, as evidenced in house 1, where the
overhangs on the southern side were 7-10 feet wide and covered the
maximum space of the building. These overhangs were perfect for
providing shade from direct sunlight. In addition, Southern fagade
and openings of houses 3, 4 and 6 are not completely protected from
sunlight because depth/size of overhangs is insufficient to block the
complete rays of sun.

Aligni with existing literature

Proper building orientation, materials, and landscape must be
chosen for passive design Chen et al. (2021).

Due to solar gains, solar radiation entering the buildings can have a
negative impact by increasing the need for cooling energy during the
hot months; therefore, control is necessary Yu, and Su (2015).

Shading devices and overhangs stands out as a crucial component
for mitigating heat gains within the structures, in addition to the
fenestration design and large windows. Rashid et al. (2019).

‘The sunlight angle s determined by the position of sun, influenced
by both local climate and the geographic location Kusumawati
(2016).

The efficacy of horizontal shade in Lahore, Pakistan has been
suggested as more suitable for south orientation than east and west
orientations Rashid et al. (2019).

‘These findings are not aligned with the perspective presented by
Kabre and Kabre, (2018) which accentuates that the fixed horizontal
shading device at the south facades of buildings are the ideal options
due to a high angle sun directly hitting the faade Kabre and Kabre
(2018).

Installing appropriately sized shades over openings, incorporating
semi-open spaces beneath these shades, and utilizing suitable
‘materials for exterior walls cons
‘mitigating solar penetration into interior spaces. These responses
result ina prominent decrease of discomfort hours by 129-34%, in
addition to a substantial reduction in cooling energy consumption
ranging from 26% to 46% Mohammadi et al. (2018).

lered to be effective solutions in
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