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	In Islamic architecture, the embodiment of building works of art radiates from both physical and metaphysical aspects, drawing on Islamic thought concepts originating from the Al-Qur'an and Hadith. The idea of sustainable architecture is an environmentally design approach that makes use of and pays attention to the balance and resources of the environment. This research aims to examine the correlation between Islamic architecture and sustainable architecture in the Grand Mosque and the Islamic Center in Sidrap. A qualitative method was used in this study to provide descriptive data in the form of written descriptions and visual representations of the research object. Through a case study, this descriptive qualitative method was employed to analyze and compare how the two mosque buildings, the Sidrap Great Mosque and the Sidrap Islamic Center, incorporate sustainable architecture in conjunction with Islamic architecture. The research found that both the Sidrap Islamic Center Grand Mosque and the Sidrap Great Mosque have implemented sustainability aspects through their mosque designs, although improvement might be needed in some aspects to achieve a more sustainable design.
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1. INTRODUCTION 
Architecture plays a role in revealing the function of a building, making it a characteristic of the building [1], [2]. In Islamic architecture, the embodiment of building works of art radiates from both physical and metaphysical aspects, drawing on Islamic thought concepts originating from the Al-Qur'an and Hadith. The essence of Islamic architectural lies not in the manifestation of its physical form, but rather in its intrinsic value and moral spirit [3], [4], [5]. The idea of sustainable architecture is an environmentally design approach that makes use of and pays attention to balance and natural resources [6], [7], [8], [9], [10]. Sustainability is given priority in Islamic architecture, both in theory and in reality. It is possible to argue that Islamic architecture is consistent with the idea of sustainable architecture because the Al-Qur'an states that humans have an obligation to conserve energy and not to harm the environment. In fact, the concept of sustainable architecture has been a part of Islamic thought from its inception [4], [11], [12]. 
Islamic architecture made various forms of architectural products, including mosques. Mosques, as an architectural subject and centers of worship, are public spaces that embody Islamic values [4], [11], [12]. In Indonesia, particularly in a district, large mosques are often referred to as grand mosques or great mosques. In Sidrap Regency, South Sulawesi Province, there are two large mosques: the Sidrap Great Mosque and the Islamic Center Grand Mosque. Founded in 2004, the Sidrap Great Mosque is a prominent Islamic religious landmark in the Sidrap Regency.
In contrast, the Islamic Center Grand Mosque, established in 2006, serves as the hub of Muslim activity in the Sidrap Regency. The two mosque structures differ from one another in terms of their physical characteristics. The Grand Mosque features a Middle Eastern dome-shaped architectural style, while the Great Mosque employs a double-tiered or roof-shaped top architectural style infused with local culture. This research aims to examine the correlation between Islamic architecture and sustainable architecture in the Islamic Center and the Sidrap Grand Mosque.

2. METHODS 
A qualitative method was used in this study to provide descriptive data in the form of written descriptions and visual representations of the research object [13], [14]. Through a case study, this descriptive qualitative method was employed to analyze and compare the application of sustainable and Islamic architecture in the two mosque buildings—the Sidrap Great Mosque and the Sidrap Islamic Center Grand Mosque.
The primary data collection technique was conducted through field surveys, which included site documentation at each mosque. Secondary data were obtained from journals, scientific publications, and other literature studies. The data are then analyzed critically to yield research results and conclusions [15], [16].
The two aspects of Islamic architecture that are examined are the physical and the intangible. The physical components of the mosque building, including its dome, minaret, pulpit, mihrab, interior of the mosque's main roof, restroom, and ablution area, will be examined. The intangible components will be examined from the perspectives of simplicity, efficiency, cleanliness, and humanism [17], [18], [19]. 
Two key elements of researching the application of sustainable architecture are its macro and micro aspects. The land or construction site, Building Coverage Ratio (BCR), and availability of green open space are considered macro aspects, while material maintenance, water efficiency, and energy efficiency are the micro factors [20], [21], [22].

3. RESULT AND DISCUSSION 

A. ISLAMIC CENTER GRAND MOSQUE
The physical components of the Islamic Center Grand Mosque building will be the subject of the first discussion in this inquiry into Islamic architecture. The Grand Mosque's external design incorporates a Middle Eastern architectural style, featuring a central dome, four corner towers with domes apiece, and a single dome at the main entrance, as depicted in Figure 1.
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	Figure 1. Exterior view of the Islamic Center Grand Mosque with a Middle Eastern style facade concept in the form of a dome 



The primary material of the dome construction is heavy steel or metal, which is covered in an enamel dome that has Kufi calligraphy in hues of white and green, vividly depicting the lafadz Allah. This is plainly evident in Figure 2(a). The Grand Mosque's prayer activities take place on the 2nd floor, with a multipurpose space located on the first floor. Upon entering the mosque, the main roof, which serves as the primary framework of the dome, features an interior that resembles a half-dome, following the main dome. The material for the pipe structure is organized in a geometric form that resembles a dome, as seen in Figure 2(b).
The mihrab features a modern classical architectural style, characterized by black and white accents and the use of golden yellow decorative screens with Islamic designs. This mihrab is paired with a teak lecture pulpit that features calligraphy and traditional carvings at the top to create a dynamic design with a hint of Islam, as shown in Figure 3(a).
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Figure 2. (a) Various decorative lafaz Allah decorate the main dome and other domes. (b) Interior of the dome of the Islamic Center Grand Mosque, which uses a geometric pattern 
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	Figure 3. (a) Photo of the mihrab and pulpit of the Grand Mosque  (b) Mosque ornaments in the form of a black and white curved pattern in the area of ​​the front of the mosque 



As shown in Figure 3(b), the top features alternating black and white curving designs, while the decoration or ornaments on each module combine white with Islamic patterns framed in gold. Regarding the toilets and ablution facilities for men and women, they are located on both the 1st and 2nd floors. However, the main prayer room is situated on the 2nd floor, allowing the congregation to choose which toilet or ablution facility to use freely. Regarding the overall orientation of the toilet, it is not placed facing or facing away from the Qibla.
The Islamic architectural perspective encompasses more than only the structural aspects of building planning and design. Islamic teachings should be the foundation for any vision of Islamic architecture; in this instance, utility and benefits must be taken into consideration. Mosques should exhibit characteristics of efficiency, cleanliness, simplicity, and humanism as the primary components of the Islamic mind [23], [24] The Grand Mosque's design of its structural modules and recurring artistic facades on its east, south, north, and west faces, which take inspiration from the Nabawi Mosque in Medina's arch module (see Figure 4), exemplify the idea of simplicity. There are no variances in room heights, and the space design is straightforward. Offers the sensation of space and demonstrates the simplicity of the vast mosque's design.
Apart from that, Figure 6 also shows that the main prayer room utilizes natural ventilation with a cross-ventilation concept, eliminating the need for artificial ventilation, such as air conditioning. Fans are only installed on certain sides. Additionally, the Grand Mosque's interior and courtyard are kept in reasonably good condition.
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	Figure 4. Repetitive aesthetic structural and facade modules that adopt the arch module of the Nabawi Mosque in Medina, while also functioning as natural lighting and ventilation 


Regular cleaning service officers and the mosque in Takmir provide support for this. The materials utilized to construct this mosque are also supportive of cleanliness; these materials are water-resistant and easy to clean. Figures 5(a) and 7(b) show the cleanliness of the mosque both inside and outside.
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	Figure 5. (a) The atmosphere inside the Grand Mosque with white ceramic floor material that gives a clean and simple impression  (b) The relatively clean atmosphere of the main mosque courtyard 



The elegant mosque was created with inclusivity and humanism in mind [18]. As illustrated in Figure 6, it is visible from the designated ramp that leads to the 2nd floor, which is intended for worshipers with physical limitations. However, since only regular restrooms are available, the Grand Mosque has not established special facilities for worshippers with specific needs.
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	Figure 6. Ramp leading to the 2nd floor for pilgrims with physical disabilities 



Next, we will discuss both the macro and micro aspects of sustainable architecture. The macro aspect starts from the land or building of the mosque. The Grand Mosque was built on an area of 4,160 m², with a built area of ​​1,450 m² and an unbuilt area of 2,710 m². 
A sustainable concept must consider the building's coverage ratio. The Building Coverage Ratio (BCR) is the percentage difference between the area of a building's complete ground floor and the land area governed by the site plan, building layout plan, and building and environmental layout plan. One aspect of sustainable architecture is maintaining the fundamental building coefficient to ensure energy efficiency [25].
The BCR of the Grand Mosque is estimated to be 35% based on statistics comparing built-up and unbuilt land in the complex. This demonstrates that the BCR Grand Mosque is adequate for building environmentally friendly structures. The success of sustainable architecture was hindered by the improper arrangement of the landscape, as the undeveloped ground was allocated for parking lots, roads, mosque complexes, and other features such as grass, trees, and flowers. Since the bulk of undeveloped land is used for parking, as shown in Figure 7, the 35% BCR presented here makes it challenging to achieve acceptable levels of green open space.
[image: ]

Figure 7. 3D Image of the Existing Site of the Grand Mosque 

Efficiency in water, energy, and building materials is the micro-aspects of sustainable architecture [20], [26], [27]. The Grand Mosque utilizes the National Electricity Company (PLN) as its primary electricity source. Energy efficiency can be implemented as shown in Figure 8 by using natural lighting and ventilation in the Grand Mosque's main prayer area. By doing this, it may reduce the amount of energy used during the day and maintain the room's temperature and quality even when it's not in use. Additionally, as Figures 9(a) and 9(b) illustrate, natural lighting and ventilation are employed in the Grand Mosque's restrooms and ablution areas.
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Figure 8. Design of the main prayer room, which makes optimal use of natural lighting and ventilation 
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Figure 9. (a) The ablution area of the Grand Mosque (b) The toilet of ​​the Grand Mosque 

Reducing water use is the next sustainable architectural concept [20], [27], [28]. One of the major problems with water consumption is the vast amount of untreated wastewater that is dumped straight into municipal channels without being treated beforehand, making the wastewater a waste for the environment.
Water sources for the Grand Mosque are drilled wells and PDAM. Meanwhile, the Grand Mosque's water efficiency has not been fully implemented, as rainfall that collects in the yard from the roof is discharged directly into the municipal drainage system. Notice boards urging the congregation to use enough water are one of the mosque management's initiatives to conserve water.
Material efficiency is the next item. Using building materials that require little to no upkeep is referred to as material efficiency. There are two categories of materials utilized in large mosque constructions: exterior and interior materials. In general, low-maintenance materials are used for the exterior, such as weather-resistant ceramics, aluminum composite panels, and enamel materials for the dome. Interior materials are often minimal maintenance. For example, double-coated ceramic floors, ceramic walls, and PVC ceiling panels eliminate the need for frequent painting.
The materials used outside the mosque building are more environmentally friendly because they are made of pavement blocks, which allow for the absorption of water. Although they are still restricted to the site's exterior, as seen in Figure 10, plants and trees have also been planted in the region to serve as both an embodiment of environmental friendliness and a cool atmosphere. Thus, using low-maintenance and ecologically friendly materials turns this into one way to put the idea of sustainable design into practice. 













Figure 10. Plants and trees in the courtyard area of ​​the Grand Mosque (taken from Google Maps on 18 July 2024)

B. SIDRAP GREAT MOSQUE
The Sidrap Great Mosque features a two-layer pyramid roof designed in a tropical style. As shown in Figure 11, the first-tier pyramid is four-sided in shape. The structure is composed of amaranth wood and is coated in green metal spandex. The northeast and southeast corner towers, which also served as corner tower steps, were the only two corner towers that the Sidrap Great Mosque was intended to use. The Sidrap Great Mosque spans two floors. The 1st and 2nd floors of the Sidrap Great Mosque are used for prayer activities. 
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Figure 11. Existing Sidrap Great Mosque Building 

The architectural style of the mosque's mihrab is a tropical Mediterranean style. As shown in Figure 12(a), the mosque's facade and interior are both ornamented with gold Islamic ornamentation and a green color scheme. Meanwhile, the interior of the main roof at the Sidrap Great Mosque is octagonal, framed in an Islamic pattern with a cloud image in the center as seen in Figure 12(b).
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(a) 		                                     (b)

Figure 12. (a) Mihrab and pulpit of the Great Mosque with shades of white, green, and golden yellow  (b) Interior of the main roof of the Great Mosque 

The decoration and ornaments in the Grand Mosque employ curved patterns in a combination of white and green, as well as calligraphic decorations that surround the interior of the mosque, as seen in Figure 13. The toilets and ablution areas in the Grand Mosque are separated by gender, located on the 1st and 2nd floors, and accessible from the prayer area. Apart from that, the toilet orientation is no longer facing or facing away from the Qibla.
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Figure 13. Mosque interior that uses various decorations or ornaments with curved patterns combined with calligraphic decoration 

Regarding the Great Mosque's philosophy of simplicity, it is evident in the design of its recurring arch modules on all sides, which creates a simple impression. However, as Figure 13 illustrates, the interior appears more lively due to the calligraphic embellishments, which feature a variety of color changes. In addition, Figure 13 also illustrates how the large mosque minimizes the need for air conditioning and fans by utilizing cross ventilation to provide natural ventilation and lighting. The high ceiling creates space that isolates heat, making it more comfortable for mosque users.
Figures 14(a) and 14(b) illustrate the Grand Mosque's immaculate condition, both inside and in the courtyard. The mosque management had attempted to clean the floor, but stains remained that were impossible to remove. The vast expanse of the mosque yard makes it impossible for the mosque management to maintain strict hygiene standards due to several constraints.
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(a) 					   (b)

Figure 14. (a) The interior of the grand mosque, that used as a prayer area (b) The mosque courtyard area 

Examining the application of sustainable architecture from both macro and micro perspectives, it is evident that the Great Sidrap Mosque was constructed on a plot of land measuring 30,733 m², of which 3,284 m² was used for the building and 27,449 m² was left undeveloped. This means that the mosque's BCR is 10%. This indicates that, to fulfill the requirements of sustainable architecture, the BCR Grand Mosque of Sidrap is proportionate. As demonstrated in Figure 15, undeveloped land is utilized for multipurpose open spaces, parking lots, roadways, and landscaping. 
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Figure 15. 3D image of the Existing Site of the Great Mosque 

Aside from that, the parking space that is accessible aligns with the mosque's rather substantial capacity demands due to the undeveloped terrain. Furthermore, as Figure 16 illustrates, the placement of additional trees and plants expands the Grand Mosque's green area, contributing to the realization of sustainable architecture.
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Figure 16. Large parking area with trees and plants arranged 

The Sidrap Great Mosque has not utilized renewable energy sources, such as solar panels, because PLN remains the primary source of electrical energy used for the mosque's operational purposes, including lighting and the sound system. The semi-open facades of the Sidrap Great Mosque demonstrate the utilization of natural ventilation, allowing for cross ventilation that keeps the space cool even in the absence of artificial ventilation, such as air conditioning. Nonetheless, some areas of the Sidrap Great Mosque still have fans installed.
In addition, the Grand Mosque features translucent openings, such as glass doors and decorative facade windows, which help maintain the natural lighting of the room without the need for numerous lights to be on, while also enhancing the mosque's security, as seen in Figure 17. Therefore, electrical energy can be used more efficiently by using natural light. 
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Figure 17. Natural lighting and ventilation in the prayer room of the Great Sidrap Mosque 

Additionally, the toilets and ablution areas of the Grand Mosque feature natural lighting from ventilation, as shown in Figures 18(a) and 18(b). Two sources of clean water are used at the Sidrap Great Mosque, which are drilled well water and tap water (PDAM). There are no sustainable measures for water efficiency because the water management system remains conventional, disposing of spent ablution water and rainwater that falls from the roof onto the yard directly into the city's drainage system.
It is anticipated that materials will require minimal to no maintenance to fulfill the sustainability principle. The painted plaster used for the Grand Mosque's siding, particularly for the roof and walls, needs to be repainted regularly to prevent fading and weather damage. This means that regular painting is necessary. Because the floor is made of polished natural granite, it is very simple to clean.
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1.         			(b) 

Figure 18. The toilet of the Great Mosque (b) The ablution area of ​​the Great Mosque 

It is very challenging to turn the courtyard/parking area outside the mosque building into a rainwater collection place because the material there is made of cast cement. Although there is ample space outside the mosque and possibly additional green space, this does not align with ecological principles. However, as you can see in Figures 19(a) and 19(b), the parking area's environment is filled with a variety of plants and trees that serve to provide a shaded space and contribute to the realization of the desired sustainable qualities.

[image: ][image: ]
(a)                                                                             (b)

Figure 19. (a) Plants and trees in the parking area of ​​the Sidrap Great Mosque (b) Trees on the corner of the Great Mosque’s site 
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Figure 20. The landscape in the parking area is heavily planted with plants and trees (taken from Google Maps on July 18, 2024)

C. COMPARISON OF THE ISLAMIC CENTER GRAND MOSQUE AND THE SIDRAP GREAT MOSQUE IN THE SYNERGY OF APPLYING ISLAMIC ARCHITECTURE AND SUSTAINABLE ARCHITECTURE
Following an analysis of the Sidrap Great Mosque and the Sidrap Islamic Center Grand Mosque's applications of Islamic and sustainable architecture, the researcher looked at how the two mosques under examination compared.
The research findings revealed that the two mosques have distinct architectural styles: The Great Mosque employs a tropical architectural style characterized by a roof, while The Grand Mosque utilizes a dome-shaped architectural style. Both the Grand Mosque and the Great Mosque have 2 floors used as prayer areas. However, the Grand Mosque's primary prayer area is located on the 2nd floor. Therefore, the Grand Mosque features a unique ramp that allows worshippers with physical limitations to enter the prayer area without difficulty, eliminating the need for them to climb stairs. 
Based on fundamental building coefficients, the Grand Mosque exhibits a BCR percentage of 35%, whereas the Great Mosque has a very optimal KBD of 10%. This difference demonstrates that the Great Mosque is more suitable for implementing the Sustainable Architectural Concept, as its expansive undeveloped land allows for greater flexibility in arranging trees and plants, and its parking area can be adjusted to accommodate the mosque's sizable congregation [25], [27]. 
The most basic similarities can also be found in physical terms. Through physical studies, it was confirmed that these two mosques had successfully saved energy. Both mosques utilized natural ventilation through cross-ventilation, thereby minimizing the need for air conditioning and maximizing the use of natural lighting, which reduced the need for lamps. Both demonstrate that the savings achieved reflect the principles of sustainability when implementing Islamic architectural concepts [27], [29], [30], [31].
Two water sources, drilled wells and PDAM, are used by both mosques to provide clean water for ablutions and toilets, which is another obvious similarity. Nevertheless, the two mosques still employ traditional techniques for managing water, which prevents them from achieving the water efficiency that sustainable architecture requires.
According to researchers, the simplicity aspect is more pronounced in the Grand Mosque, which features a design characterized by simplicity, dominated by white, black, and golden yellow. This is different from the Great Mosque, which features many variations in color decoration, giving a dynamic impression.
The Grand Mosque has superior material maintenance compared to the Great Mosque. It is evident from the use of low-maintenance building materials in the Grand Mosque, as opposed to the Great Mosque, which necessitates frequent painting, coating, and other forms of high care. This also relates to the two mosques' building and land areas; the Great Mosque's building area is twice that of the Grand Mosque.
In terms of how the two mosques have arranged their trees and plants to be environmentally friendly, it is evident that the Great Mosque has more green space overall than the other, with more trees and plants in the parking lot and in the corner of the mosque yard. The Grand Mosque's green space is confined to the outside of the building. This is still connected to the Great Mosque's 10% BCR, which allows for greater adaptability in the arrangement of the landscape[32].

4. CONCLUSION 
Based on an in-depth study of the two mosque cases studied, several things can be concluded, including:
· There is a correlation between the application of Islamic architecture and sustainable architecture, particularly in the implementation of values such as simplicity, cleanliness, and energy efficiency.
· The basic coefficient of the ideal Sidrap Great Mosque building, with a presentation of 10%, enhances the realization of the concept of sustainable architecture by allowing for larger green open spaces.
· Both mosques have succeeded in implementing electrical energy efficiency, where the use of air conditioning, fans, and lights can be minimized through natural ventilation and natural lighting obtained through the Islamic pattern-style mosque's open facade during daylight.  

The researcher suggests that, going forward, mosque management and architects should focus more on the sustainable features of mosque architecture, while also incorporating Islamic architecture as its core from the outset. Installing eco-friendly equipment or using solar cells as a backup energy supply are two ways to improve energy efficiency as a form of sustainability. This indicates that the realization of Islamic architecture can be achieved through the use of sustainable architecture, resulting in the creation of environmentally friendly and Islamically significant architectural designs.
Researchers recognize that the limitations and insufficiencies of the study's results have the potential to undermine generalizations. Therefore, more thorough research is needed on mosques with varying architectural styles, by examining other areas of Islamic architecture related to sustainable building that have not been covered in this study, and exploring the potential of combining Islamic and sustainable architectural elements for designing mosques and other structures.
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