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Abstract

:

Achieving future energy objectives and promoting social, economic, and environmental sustainability can be inspired by heritage and historic structures, which make up a sizeable component of the existing building industry. Heritage architecture and urban sites are known for their capability of positive interaction with the climate to provide better thermal conditions, beside their capability of strengthening cultural identity and improving the economic sector for the related sites. Thus, the main purpose of this research is to highlight the positive sustainable effects (social, economic and environmental) for a proposal of conserving and reconstructing a vernacular heritage architecture site in the hot arid climate in the UAE. The research used a qualitative methodology based on multicriteria descriptive schemes beside ENVI-met software. The research’s findings presented the capability of the conserved heritage area to strengthen the social and cultural identity and improve the economic sector. Moreover, the results demonstrated that the conserved heritage district had a better microclimate and predicted mean vote for outdoor thermal comfort compared to the basic case heritage district prior to rehabilitation and another modern district. The conclusion promotes heritage conservation in hot arid climates and encourages the preservation of vernacular architecture and traditional sites to achieve the sustainable goals for creating sustainable cities that can mitigate climate change.
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1. Introduction and Literature Review


Historic structures make up a significant portion of the current building sector and will be essential to achieving future energy goals and encouraging social, economic and environmental sustainability. Therefore, the comfort of building occupants, heritage preservation, and energy efficiency should all be considered when evaluating how climate change will affect retrofitted historic buildings [1].



1.1. Importance of Heritage Preservation


Lucchi and Buda [2] analyzed several Urban Green Rating Systems (UGRS) systems for city and neighborhood rehabilitation, stressing major topics, criteria, indicators, pros, and disadvantages in order to strike a balance between historical preservation and sustainable development. They observed that while all UGRS pay little to no care to historical preservation, they all place a high emphasis on environmental factors. Many methodological techniques connected to heritage conservation need to be established in order to close this knowledge gap in the future. These gaps provided as a foundation and point of reference for research and the creation of the international rating systems for heritage protection. Some of this research is as below:




	
Salameh et al. [3] evaluated a singular case of heritage preservation at the architectural and urban scales in the city of Nablus, Palestine. According to the investigation, traditional passive design solutions have a number of advantages over contemporary ones. It was discovered that a traditional building that had been preserved had better thermal performance, making it more sustainable than a modern building performing the same function. Moreover, they added that the conservation of the old city supported the social and the economic pillars of sustainability.



	
Cantatore and Fatiguso [4] outlined a comprehensive management strategy for managing energy retrofit changes and preservation measures in historic districts. They used “resilience thinking”. Their recommended technique followed the customary path of cultural heritage retrofitting. Furthermore, they outlined a structural procedure that intended to recognize and assess the adaptation of traditional constructed structures to climate change and location experience. Additionally, they sought to identify serious energy crises brought on by historical building changes or exposure to the dangers of climate change.



	
Another study was conducted by Ulu and Durmuş Arsan [5] at the neighborhood level and involved old and modern residential buildings in a historic urban fabric in the Mediterranean climate. The study revealed that the implementations of thermal retrofitting are essential for preserving the functional sustainability of historic structures. Moreover, they confirmed the ability of these structures in enhancing the thermal performance and comfort of their occupants, while supporting the sense of cultural and social belonging.



	
Ali Timur, Basaran and Ipekoglu [6] examined the thermal behavior of traditional houses with exterior halls—a common historical building type in Anatolia, Turkey— to determine the possible benefits of potential thermal interventions. Their findings showed that the control of air leakage, adding secondary glazing to windows, thermal insulation within floor assemblies, and suggesting transparent circulation corridors, all resulted in significant energy improvements. Thus, making applications of thermal interventions is a useful conservation tool.



	
Paschoalin and Isaacs [7] reviewed comprehensive international and New Zealand guidelines for historic and heritage building renovation. They found that in New Zealand, the abundance of heritage and historic buildings in provincial towns’ centers is a growing problem. They added that this requires action to address the major changes to the building codes, as these heritage buildings can be made more sustainable and resistant to climate change through upgrading and adaptive reuse.



	
However, there is a critical gap that requires immediate closure, which is the absence of national comprehensive guidelines regarding the challenge of reducing environmental impact by the heritage conservation, while maintaining the heritage values. Historic structures require special care because they are interaction systems with cultural, architectural, and identity values and must be preserved, used, and managed in the long run sustainably. This suggests a need for retrofit solutions that can enhance indoor thermal conditions while consuming less energy and maintaining historical significance.



	
Buda et al. [8] took an initiative toward Renovating Historic Buildings Towards Zero Energy for this purpose, and they found that a well-balanced retrofit solution is possible for the heritage areas that showed good thermal performance. Moreover, they recommended that a customized energy retrofit should be used to resolve the tension between energy efficiency and performance requirements for the users.








Despite the fact that some new policies, guidelines, research studies and techniques are being developed to address the challenge of conserving built heritage, little attention is paid to its cultural and economic significance. This is because the strong concerns about climate change lead people to focus only on the environmental issues relating to cultural built heritage.




1.2. Heritage in Contrast to Contemporary Buildings


Compared to the traditional areas and heritage buildings, Fernandes et al. [9] mentioned that contemporary buildings have great reliance on electrical support for improving the thermal conditions in interior spaces, which increases energy consumption and the resulting green gasses pollution. Additionally, unfortunately, many contemporary architecture styles and designs accelerated traditional identity loss and disregarded the valuable vernacular and traditional passive design concepts that are climate-responsive solutions for both architectural and urban designs [10,11].



On the other hand, in vernacular and traditional architecture, the passive design elements were frequently employed to offer comfortable indoor places for people during hot weather. These passive design solutions include those in Table 1, courtyards and Barajeel (wind catchers) [12].When oil was later discovered, which was utilized to provide energy for the chillers, these ideas were sadly ignored in the hot arid climate of the UAE [13].



Other different studies conducted a comparison between a traditional heritage and modern urban fabric and architecture in several dimensions, focusing mainly on the thermal performance as in Table 2. These studies claimed that traditional architectural techniques provide better thermal conditions and comfort, beside highlighting the identity and sense of belonging for the residence.



Moreover, heritage and traditional architecture has answers and guidance for some modern architecture difficulties. For instance, a massive quantity of energy from fossil fuels are required to cool and dehumidify modern buildings due to the increasing demand for buildings and enlarged urban fabrics to meet the growing population [24].



For example, in the UAE, as a hot, desert environment, cooling in buildings—residential, public, and so on—consumes over 70% of electricity, which increases emissions in urban areas [25]. Depending on fossil fuels to sustain a high-end lifestyle is not a sensible or workable solution, claimed Katanbafnasab [13], as this leads buildings to use a lot of energy, speeding up climate change and pollutant emissions. Cantón et al. [26] contend that location and climatic considerations should be included while developing building designs and concepts.



In the United Arab Emirates, designers have given preference to foreign designs with specific functions or forms above those that can resist the harsh desert [12].The populace of the UAE prefer modern structures with massive glass heights that need a considerable amount of energy for cooling [27].



Afshari, Nikolopoulou, and Martin [28] estimated that 57.5% of the energy utilized by all buildings in the UAE is used by the chillers. Due to increased pollution, a greater urban heat island, and increased temperatures outside, the urban fabric of the city becomes less comfortable due to the external thermal environment in the streets and public spaces.
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Table 2. Comparative studies between modern and traditional urban designs and architecture.






Table 2. Comparative studies between modern and traditional urban designs and architecture.





	Reference
	Study Scope
	Some of the Findings





	[29]
	They examined the outdoor thermal comfort in traditional organic urban districts and contemporary grid urban fabrics in Lar City, Iran.
	The traditional districts have superior air temperature and thermal conditions than the contemporary ones.



	[12]
	They used qualitative analysis to evaluate traditional and modern urban districts in the Mediterranean city of Nablus, Palestine.
	The traditional vernacular architecture and urban planning have excellent thermal efficiency as well as a number of qualities that have a high potential to alter the layout of modern urban districts, such as the thermal comfort, in addition to happiness to the users.



	[9]
	They emphasized crucial passive design solutions based on the local Mediterranean architecture in southern Portugal and the north of Egypt.
	The passive design methods can enhance indoor thermal conditions of buildings while requiring less maintenance, better respecting local culture and social elements, and utilizing locally accessible resources.



	[16]
	They compared Chinese modern and traditional architecture.
	The findings demonstrated that old vernacular homes offer superior thermal comfort and indoor air quality compared to modern homes.



	[3]
	Heritage preservation at the architectural and urban scales in the city of Nablus, Palestine.
	The traditional passive design solutions have a number of advantages over contemporary ones in relation to sustainability.









1.3. Heritage in UAE


The history of the region dates back to 6000 B.C. At the time, there was no UAE federation. The Arabian Peninsula was the name given to the region in question as well as its surroundings [30].



Salameh, Mushtaha and EL Khazindar [22] mentioned that the heritage buildings in the UAE were climate-responsive structures that have passive design solutions. Al-Sallal, AbouElhamd, and Dalmouk, M.B. [31] stated that the typical architectural layout for the heritage building type in the UAE was an introverted courtyard structure divided into two stories. Al Ahmadiya School is a school of this type, constructed in Dubai in 1912, as in Figure 1.



These historic structures often have rectangle-shaped chambers, with traditional walls, beams, roofs, gypsum stucco, window screens, Mirzan, horizontal barjeel and wind catchers, as in Figure 1 They may be reached by a verandah that overlooks the courtyard. They have windows, most of which are facing the courtyard through the verandah. Moreover, these buildings have wind catchers and shading devices to act as thermal modifiers (Salameh, Mushtaha and EL Khazindar 2022). The materials of the buildings are mostly coral stones from the coastal areas mixed with gypsum mud for walls, while for roofs and beams chandal wood poles were used as the main structural system [32,33].



Fears of “identity loss” and worries about “global” culture are significant societal influences. In the United Arab Emirates, heritage revival has grown to be an important social, cultural, and political activity. Additionally, it demonstrates that the UAE’s heritage rebirth is a symbolic and real rejection of globalization. The rapid growth of international trade and tourism in the Emirates, which is the emphasis of economic diversification, is increasingly affirmed by heritage revitalization [34,35].



Al-Sallal, AbouElhamd, and Dalmouk [31] mentioned that in the UAE, in order to boost the country’s tourism industry and preserve its historical and cultural legacy, several traditional structures were transformed into heritage museums.





2. Research Gap and Motivations


Heritage architecture is a valuable reference for sustainability as the heritage provides reference points for social identity and climatic-responsive architecture. Despite the fact that there are many considerations and studies that pertain to the heritage, little attention has been paid to the conservation of heritage in relation to the three pillars of sustainability: economic, social and environmental. Moreover, there is a gap in the studies that focus on the importance of heritage conservation in a hot arid climate such as that of the UAE.



This research aimed to help in bridging this gab by highlighting the importance of heritage conservation and reconstruction as a driver for economic, social and environmental development in a hot arid climate. Thus, this research investigated and analyzed the Ajman heritage area in the UAE and intended to present the positive effects of heritage conservation on the protection of the local’s identity, supporting the tourism economy and understanding the historical architectural climate-responsive thermal techniques.



These passive techniques can inspire the modern architectural and urban designs to mitigate climate change and the impact of UHI. Metropolitan heat islands (UHI), which are higher-temperature bubbles focused in urban surroundings, have grown in size as a result of contemporary air conditioning. This effect is influenced by the mix of activities and demographics seen in modern urban regions [36].



Moreover, the UHI in contemporary areas, increase building energy demand and hasten climate change. Additionally, UHI reduce convective heat dissipation in metropolitan areas, particularly in newer ones, according to Bueno, Roth, Norford, and Li [37]. Fortunately, there are several ways to handle this situation; one of them is incorporating a range of passive design solutions inspired by heritage and vernacular architecture. Finally, this research aimed to create aesthetically pleasing, healthy urban areas with better thermal conditions that respect heritage and refer to it as a source of wisdom.




3. Research Methodology


The research methodology includes qualitative analysis for the heritage area in Ajman, one of the United Arab Emirates, before and after the suggested development and rehabilitation. The research’s main objective was to determine whether heritage preservation can be used as positive investment for the three pillars of sustainability in the urban contexts, which has constructive effects on social, environmental, and economic factors in addition to cultural ones. To do this, the study required the use of various methods and evaluation indicators [38], to be chosen depending on the objective to be achieved, whether for economic, social, and environmental assessment. This multicriteria methodology is advantageous for choosing the technique to be used according to the assessment measures, such as data collection from journals, site visits, municipality records, etc. Additionally, there were descriptive and analytical readings for the current situation for the heritage area using ENVI-met software (Figure 2).



3.1. Case Study Climate and Conditions


This research investigates the sustainable approaches for the heritage area (basic and expanded) in the Ajman Emirate in the hot arid climate of the UAE (Figure 3a). The historic residential area in Ajman, UAE, serves as a case study (Figure 3b). This neighborhood, which was built in the 18th century as the first emirate town along the coast, is said to be the oldest in all of Ajman. The UAE climate is a hot arid climate with rare precipitation, and the maximum average air temperature is about 41 °C in August and the minimum average air temperature is around 24 °C in January (Figure 3c). The main wind direction is from the northwest (Figure 3d).



Ajman Heritage District is an interesting place that takes you back to the past, since it is home to Emirati traditions and antiques. The heritage area studied in this research was about 200 m × 200 m for the plot area and around 11,500 m2 as the built-up area. This heritage area has an organic urban layout with windy and narrow streets and semi-attached buildings. Most of the buildings in the heritage area had one or two floors with heights of around 4 m and 8 m, and 12 m for the wind catchers.



The Ajman heritage area affirms the area’s identity and honors the extensive cultural heritage (as in Figure 4a) that reflects the traditional layout and spirit of that area. The neighborhood offers a diverse range of cultural experiences for visitors as it includes many attraction areas such as:




	
Art street: The district’s art street is one of its key attractions. Visitors can enjoy the murals and paintings. One of these paintings is shown in Figure 4b and was created by a local artist while wandering the neighborhood in tranquility. The arts there feature many unique representations of traditional Emirati society and well-known people from Arabic culture. Even the Al Murabbaa Arts Festival area, which is presented in Figure 4c, is a wonderful traditional area around Ajman museum, and it is used for different activities.



	
Ajman Museum, also known as the Ajman Fort Museum, is another top destination in the area. It was constructed using gypsum and coral stone. It has been able to conserve historic wooden dhows, antique texts, and innovative irrigation methods. The Ajman royal dynasty once resided in the fort from the 18th century. It features a palace, two windcatchers (barjeels), and two guard towers (one of them is shown in Figure 4d).



	
Souq Saleh, which faces the well-known Ajman Museum, is a secret treasure of the emirate. It is one of Ajman’s oldest markets and dates back to the early 1950s. The wide corridors that are covered with palm leaves, as in Figure 4e, are filled with exotic aromas of spice and incense. The souq’s merchandise selection includes many items of exquisitely embroidered traditional clothing.



	
The AL MIZAN sculpture is the focal point of the Ajman heritage area. The sculpture, which was inspired by Arabic calligraphy, as in Figure 4f, represents culture and kindness. El Seed, a French-Tunisian artist of international repute, is the creator of this masterpiece [43].
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Figure 4. The Ajman Heritage area [44] (a) Heritage area; (b) Art street; (c) AL-MURABBAA watchtower; (d) Ajman Museum; (e) Souq Saleh; (f) AL MIZAN sculpture. 
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3.2. Research Software for the Environmental Analysis


Despite the fact that there are many software packages for computers that can show and analyze the temperature conditions for urban microclimates, ENVI-met is the forerunner in this domain as it is a 3D micrometeorological model for simulating the thermal conditions for urban architectural layouts [45]. Furthermore, it has an enhanced mimicry of real-world microclimate conditions [46,47]. Based on fluid standards, atmospheric, physical, and barometer measurements, this computer software integrates high-resolution simulation for specific microclimate conditions within urban textures and around the buildings, in addition to restricted real climatic conditions [48]. Additionally, this program is capable of calculating the exterior environment, such as air temperature [49].




3.3. Simulation Validation for the Environmental Analysis


A point named A in the heritage area in the Ajman Emirate was selected for ENVI-met simulation validation (Figure 5a), using a comparison between real and simulated air temperature data on the same point.



The simulation was run on August 21st, and data for the air temperature for 12 h, from 3 am to 3 pm, were taken from the output simulation numbers. On the other hand, the field measurements were taken with an Extech 45,170 m at a level of 1.8 m on the same simulation day (Figure 5b). The Extech meter offers the following features: a clear screen to display the recorded data, a measurement accuracy of 1.2 °C, and a temperature range of 0 to 50 °C [50].



Ten readings for air temperature from the field readings and simulation data were then compared (Figure 5c). Despite some variance, there was a strong correlation between the two sets of data, with an R2 of about 0.8, and this can largely be attributed to the (Extech) meter’s accuracy level during the field measurement. In addition, multiple studies—including Salameh, [22,46,51,52,53]—confirmed the reliability and accuracy of the ENVI-met program for urban layout microclimate modeling.





4. Rehabilitation and Development of the Old District—Ajman Heritage Area


The historic residential area in Ajman, United Arab Emirates, is the case study for this research. This old neighborhood, was built in the 18th century as the first emirate town along the ocean and is the oldest in all of Ajman. In the heritage area, Ajman Museum (fort) was the emirate’s leader residence until 1970 [54]. Some buildings of the heritage area have been obliterated by time, while others remain in place. In the past, before the usage of air conditioning, this deeply ingrained region in the hot, desert climate of the UAE, was a sustainably pleasant and feasible environment for the people.



For many years, the municipality of Ajman has made several attempts to restore and refurbish this region as a live example of heritage; thus, the area is currently used as a tourist destination, including Ajman Museum and exhibition grounds.



The heritage area in Ajman is a live example of good traditional design concepts including the narrow pathways, courtyards, small windows, organic urban outline. However, most of the heritage area was demolished by time. Fortunately, the Ajman municipality succeeded in conserving the main buildings in the district, which is the old castle— Ajman Museum—and some other buildings around it. Therefore, it is wise to suggest urban expansion and reconstruction for the existing traditional structures in order to revitalize the whole old traditional neighborhood, as this area supports historical tourism. Additionally, it can protect identity and traditional passive design solutions as it is a comprehensive sustainable icon.



4.1. Proposal Outline for the Development of the Ajman Heritage Area


This urban development is essential to provide a clear insight for the traditional urban layout that reflects a vital stage for Ajman Emirate historical development. It adopts mainly architectural urban historical and traditional features, which were designed as climate-responsive elements to cope with the harsh conditions of the arid hot climate.



The new development for the heritage area is inspired by the traditional urban layout and elements from Ajman heritage and Al Fahidi district—the traditional area in the Dubai Emirate. Al Fahidi district has been a successful practical renovation experiment and it still consists of many urban passive design solutions (Figure 6) such as:




	
Compacted urban pattern that provides shaded pathways and improves the thermal performance for the district;



	
Public courtyards that provide shaded outdoor areas and a stack effect to improve the thermal conditions;



	
Private courtyards that provide private outdoor areas with better thermal conditions;



	
Barajeel (wind tower) that allows the cool air to enter the inner spaces and replace the hot air.









4.2. Stakeholders and the Development of the Ajman Heritage Area


Heritage needs conservation experts to “understand the historic asset and its ability to accommodate change from the start of any operation on such assets” since there are regulatory limitations on changes to heritage assets. However, some technologies are urged to be used in restoration or conservation initiatives in order to routinely and effectively engage and communicate with stakeholders. According to academics, managing stakeholders in the construction industry requires effective communication [56]. States Parties are urged to develop their tentative heritage lists with the full, effective, and balanced involvement of a variety of stakeholders and rights-holders, including site managers, local and regional governments, local communities, indigenous peoples, NGOs, and other interested parties. Before adding a site to their Tentative List, States Parties shall consult and work cooperatively with the indigenous peoples involved through their own representative institutions in order to seek their free, prior, and informed consent. This requirement applies to sites that have an impact on the lands, provinces, or resources of indigenous peoples [57].





5. Results and Discussion


The new rehabilitation, conservation and reconstruction for the Ajman heritage area included the addition and integration of clusters of buildings that followed the traditional passive urban and architectural features in the old UAE vernacular architecture. The added features (as in Figure 7) were the following:




	
Public and in-building courtyards that improve the stack effect and increase the shaded area and lower the outdoor temperature;



	
Compacted masses in the southern part of the district to create shade in relation to the sun path;



	
Narrow windy pathways that create canyon breeze and improve the air movement;



	
Barajeel (wind tower) that is added as a traditional symbol only, but due to its height it will create more shaded areas.








These features were added and integrated based on the characteristics of the heritage areas in the UAE to mimic the effective sustainable existing elements that are suitable for the climate, social, economic conditions for the district. Secondly, these features were chosen based on the deep analysis of many studies; some of them are in Table 3. This expansion is expected to improve the sustainable traditional neighborhood, as in Figure 7, at three levels of sustainability: environmentally, socially and economically.



The reconstruction and conservation of the heritage area will connect it strongly to the tourism path toward the corniche, as planned by the Ajman municipality. This architectural unique path adopted three fundamental ideas, which are: appreciating the heritage, identifying the missing, and cultivating the attainable [60]. Thus, an economical benefit can be achieved from this conservation, as many cultural, entertainment and local activities can be integrated into the conserved heritage area. Finally, the conserved area can follow the same traditional urban layout with its passive design approaches, which can improve the thermal performance for it and for other surrounding urban areas.



5.1. The Social Sustainability—Rehabilitated and Conserved the Ajman Heritage Area


The Executive Director of Ajman municipality stated the importance of conserving the historical old district in Ajman at different levels, such as inheritance, historical contents, UAE identity, culture and old traditional building shapes and traditional architectural style; thus, it can successfully be refurbished to be a tourist attraction for the Ajman Emirate. He added that the Ajman heritage area has a unique social and cultural value for Ajman residents as it strengthens their sense of belonging and [40]. Understanding history, culture, society, and tradition via heritage architecture helps people become more self-conscious and aware of their identity [61]. According to Salameh et al. [3], the locals have strong emotional ties to their rich cultural history. Heritage preservation is crucial, and Zancheti and Hidaka [62] specified two goals for preservation: “(1) to retain its physical and material qualities and (2) to sustain its cultural connotations.” Elshater [63] went on to say that community awareness of the significance of historic buildings should be encouraged and taken into consideration in future research in order to ensure that local character is implemented above modern artificial ones and may foster a feeling of identification and belonging.



According to Ashworth [64], historical legacy is often used to fulfill a variety of contemporary goals, such as establishing the sociocultural character of the location. He said, “Heritage creates identity, and history creates heritage.” The preservation of heritage, according to Uzzell [65], is crucial for enhancing people’s perceptions of identity and location. Therefore, it is crucial to keep this objective in mind when organizing and carrying out conservation. In the framework of legacy tourism, Di Pietro, Guglielmetti Mugion, and Renzi [66] looked at the ideas of identity, user interaction, standards, and technology. In order to foster identification and a sense of belonging, they continued, it is crucial to concentrate on increasing tourists’ awareness of heritage places (Figure 8).



In Ajman heritage district, the Architect Verform—who participated in designing future planning for Ajman—pinpointed the tools required to renew and repair the traditional area. He adopted flexible old architectural vocabulary that already offers a distinctive character—covering residential, religious, administrative, and commercial activities. Furthermore, he mentioned the permeable pavement, shade and canopies to manage heat. Another tool was by using wall murals that create a vibrant street atmosphere and using carefully placed furniture outside that allows for social gatherings or solitary reflection. He added that ensuring design is based on the human scale and environmental issues encourages people to feel connected to their environment. To do this, connection, activities, and social interaction between generations must be combined with sustainability [60]. As a means of fostering identification and a sense of belonging, he continued, it is crucial to concentrate on increasing visitors’ awareness of the heritage spaces, which will encourage crowdfunding as another option for heritage funding.



Salameh et al. [3] reaffirmed that the preservation of historic structures raises people’s knowledge and feeling of community. Al-Qeeq [68] stressed that preserving architectural history is important for a number of reasons, including: (1) historical structures strengthen the roots of culture; (2) they give a place depth and identity; and (3) they recount the traits of a previous way of life. The preservation of historic buildings and sites helps increase knowledge about the forebearers.



Thus, the conservation and reconstruction of the Ajman heritage area will strengthen and evoke the traditional Emirati identity, as one of the fundamentals for preserving a people’s culture and sense of place is heritage. Moreover, Eldiasty, Hegazi, and El-Khouly [69] stated that protecting the local significance requires preserving cultural identity, which can only be done by protecting heritage places. They proposed a cooperative approach that enhances tourism while maintaining the uniqueness, culture, and economics of the historic heritage places.




5.2. The Economical Sustainability—Rehabilitated and Conserved the Ajman Heritage Area


Reconstruction and conservation of the Ajman heritage area, including the museum and meandering alleyways steeped in history and tradition, will connect it to the historic shoreline via paths featuring courtyards and open spaces (Figure 9). Ancient buildings will inspire new shapes, as through the path the original architectural style is modernized and given the flexibility required to meet the demands of a fast-moving city; thus, old and new interact and link. The cultural path is divided into three interconnected zones made of traditional materials, allowing for an even more seamless fusion of old and new. Designs from the past are translated and blended into a bustling street scene that includes stalls, traders, marketplaces, and souqs in order to represent their heritage, character, and quality of life. The use of environmentally friendly natural solutions to provide comfort and landscaping for people taking part in and seeing the transition represents an authentically Emirati experience [60].



Ajman Fort, which doubles as a museum and is located in Ajman Heritage District, is an attraction point for tourism business along with coffee shops and tea rooms. Moreover, the historic structures hold businesses offering antique coins, stamps, perfume, and other goods. Additionally, it is a nice place to sit and take in the scenery, for the paintings that illustrate events from the history of Ajman and traditional Emirati life are the most stunning aspect [72].



Thus, preserving history and heritage is a driver of pleasure and tourist development, as improving the infrastructure mainly in both the conserved and reconstructed heritage areas will attract developers that invest in buildings for tourism purposes. This investment will promote economic growth, as the conservation of the heritage area will improve the economics of the Ajman Emirate by reassuring the heritage neighborhood and the tourism path museums, coffeeshops, traditional crafts, shops and markets. Moreover, the conserved area will foster a lively street scene, boost commerce and generate cash for the neighborhood. Likewise, in the heritage area, venues for performances and community involvement serve as meeting places for individuals to socialize, whether through entertaining, readings, theater, dance, or music. All of these activities, whether auditory, visual, static, or moving, create a dynamic atmosphere representing UAE culture and heritage, making Ajman a destination for many tourists [60].



Ahmed [73] specified that the ability of culture to spur economic growth and sustainable development, which is the UN’s aim for the years 2015–2030, is what gives heritage culture its genuine value or significance. He made an argument for cultural development being as significant as the economic sector—or the sector necessary for fulsome economic development—using both theory and facts. Without culture, economic progress is chaotic. The United Arab Emirates is a prime example of this, with a culture that emphasizes the preservation of the environment and respect for cultural heritage rather than pursuing economic growth at any costs.




5.3. The Environmental Sustainability—Rehabilitated and Conserved Ajman Heritage Area


Similar to other historic regions in the UAE, the heritage district in Ajman is valuable for its traditional identity and passive design methods, including air pullers, riwaqs (arched paths), and barjeels (wind towers), in addition to its organic urban design pattern that characterizes its environmentally sustainable heritage. ENVI-met software was used to evaluate the sustainable effect of the rehabilitated and conserved Ajman heritage area by comparing the thermal conditions of the base case (existing) with the new rehabilitated heritage area on one hand and with another modern style urban design—the Al Raqaib area—on the other hand, in the same climate of Ajman. These analysis and comparisons were to highlight environmental sustainability in the heritage areas, both existing and reconstructed.



5.3.1. Simulation and Analysis Dates, Conditions, Criteria and Variables


In this study, different metrics and variables were used to compare and evaluate the thermal conditions of the existing, reconstructed and conserved Ajman heritage areas and the modern urban configuration by using ENVI-met. These metrics included:




	
Air temperature as a direct sign for the thermal performance for the urban configurations [74];



	
Sky view factor that affects the shadow index and the sun exposure;



	
Thermal comfort as predicted mean vote (PMV). Its values were predicted for outdoor thermal comfort. PMV calculations take into consideration the energy balance of users’ bodies within the created microclimates. ENVI-met estimates PMV using the ASHRAE scale, with +3 signifying extremely hot weather and −3 denoting extremely cold weather [45].Moreover, it was enhanced to include a larger scale for open-air temperatures that ranged from +4 (severe heat) to −4 (extreme cold) [75]. PMV is often associated with microclimate conditions such as wind speed, humidity, air temperature, and radiant temperature as outside impacts, along with other features of the human body including the users’ age, metabolism, and gender [75]. As a result, a variety of direct and indirect factors have been proven to affect the thermal comfort; nevertheless, Lai et al. [76] claimed that the air temperature has a significant influence on consumers’ thermal comfort.








Simulation date: According to Khalfan and Sharples [77], the comfort range is 20–27 °C in accordance with Schnieders’ thermal comfort diagram. August is the warmest month of the year in the United Arab Emirates since the air temperature is above that level, with 41 °C as the maximum temperature and 34 °C as the minimum temperature. In light of the fact that reducing the amount of power needed for cooling buildings in hot climates, such as that of the United Arab Emirates, is a significant problem [74], the air temperature and thermal conditions in the heritage urban case study were evaluated on August 21st.



Conditions, geometry and spaces for the simulation: For the simulation of the environmental analysis, a plot measuring 200 × 200 m2 was created for case studies (existing base case, conserved heritage and modern urban area) (Table 4). Two units were used to create the models in the ENVI-met software for dx, dy, and dz. The simulation was run for 24 h for each model on August 21st (Table 5a). All urban fabrics of the case studies shared certain fixed variables such as building materials with their thermal properties, such as conductivity, albedo, etc. (Table 5b), geographic location at Ajman, and meteorological information. We noted that the urban design, street width, geometry and orientation, built-up area to plot area proportion, building heights, geometry, and 3D forms were all independent features for each case study. On the other hand, there were other dependent features (outcomes of the modeling) such as the potential outdoor air temperature.




5.3.2. Results of the Simulation


After modelling and simulating a plot with a 200 m × 200m square for the base case and conserved heritage and the modern districts by ENVI-met software on August 21st, the simulation results showed a difference in the thermal performance based on the potential air temperature between the three districts. The new conserved heritage district showed lower readings for the potential air temperature than both the heritage base case and the modern districts, mostly at 13:00 pm, at the time of the peak hot hour (a period of high ambient air temperature and high solar radiation) (Table 6a). This can be explained due to the nature of traditional conserved area design, which has a more compacted layout with narrower streets and courtyards, which created additional shaded areas that succeeded in lowering the air temperature and improved the thermal conditions for the whole district.



Table 6b presents that the conserved heritage district had potential air temperature readings that ranged between 40 and 42 °C, where the lower air temperature of 40 °C covered around 22.67% of the plot and the higher reading of 42 °C covered around 1.88% of the plot. This made it the best case among the three cases.



Despite that the basic case heritage area was higher in air temperature reading ratios than the conserved one, it was better in the thermal conditions than the modern district, with readings of 41–43.5 °C. Moreover, the basic case heritage area had a histogram distribution directed to higher levels within the range than the conserved one. Thus, strong evidence for the better overall outdoor air temperatures for the conserved district is shown by the reduced proportion of space cells that experience the hottest daytime temperatures on August 21st, and that was because the conserved heritage area urban design increased the compacted masses and shaded zones by integrating more traditional buildings with passive design solutions than the basic heritage district. Moreover, the integrated passive design solutions in the conserved heritage district reduced the sky view factor in the spaces (Table 6c) within the built-up areas that ranged between 0.3 and 0.9%, while for the basic case heritage area the sky view factor was 0.5–0.9% and for the modern district it was 0.5–0.9 (Table 6d).



Table 7a shows that despite the fact that the distribution of the predicted mean vote-PMV for all the cases was above the desired values of between −4 and +4, the PMV for the conserved heritage district in particular exhibited a better level, with readings that ranged between 5.9 and 7.4, while the PMV readings for the basic case heritage and the new district ranged between 6.2 and 7.4, and 6.24 and 7.6, respectively, as shown in the histograms in Table 7b.



All instances’ PMV values were impacted by the universal thermal climate index (UTCI) components, particularly the MRT (Table 7c): The conserved heritage district’s MRT had a temperature range of 66–90 °C, and the highest readings of 90 °C covered only 25% of the plot, which was an improvement over the other two cases. The basic case heritage district’s MRT had a temperature range of 68–90 °C, with the highest readings 90 °C covering 35% of the plot, and finally the new district’s MRT had a temperature range of mostly 70–90 °C, where the highest readings 90 °C covered about 70% of the plot (Table 7d). In terms of relative humidity (Table 7e), the conserved heritage area generated a higher reading of 35.2–40% than both the basic case conserved heritage district and the modern district with readings of 33–40% and 32–37%, respectively (Table 7f).



When comparing the wind speed in the three cases, the conserved heritage area had a wind speed (0.01–3.45 m/s) where the lower reading covered 12% of the plot, and the basic case wind speed ranged between 0.01 and 3.1 m/s, where the lower speed covered about 2.2% of the plot. Finally, the wind speed in the modern district was 0.01–3.1 m/s, where the lowest reading covered around 1.8% of the plot (Table 7g,h). The wind speed in the conserved heritage area was the least among the other two cases. Based on this, it was clear that the MRT and relative humidity improved the PMV conditions for the conserved heritage district, and this supported the idea that the MRT and relative humidity are antagonistic and demonstrated that the circumstances that resulted in the lowest PMV data were those with low MRT and high relative humidity.



Moreover, the findings showed that although the conservation and reconstruction of extra traditional buildings in the conserved heritage district slowed down the wind speed, they were successful in enhancing and reducing air temperature and PMV levels, especially in the southern part of the district that faces the sun path.






6. Conclusions


Cultural and historic sites, which constitute a distinguishable component of the existing built-up regions, can act as an inspiration for meeting future energy objectives and fostering social, economic, and environmental sustainability. Historic buildings and urban places are valued for their positive interactions with the environment that provide better thermal conditions, in addition to their capacity to strengthen cultural identity and support local economies.



In the hot, dry climate of the United Arab Emirates, this research focused on highlighting the positive sustainable effects (social, economic, and environmental) of a proposed plan for preserving and renovating the Ajman heritage architectural site. The study’s conclusions demonstrated that the conserved heritage district enhanced its microclimate and anticipated mean vote outdoor thermal comfort when it was compared to the basic case heritage district before restoration and another modern one. The preserved heritage area was the best scenario out of the three analyzed situations since it experienced lower air temperatures of between 40 and 42 °C, and that was better than the modern district with readings of 41–43.5 °C.



The reduction of potential air temperature was explained due to the types of passive design solutions integrated into the conserved heritage area, such as courtyards, narrow pathways, and compacted masses integrated into the basic case heritage site. Moreover, these passive design solutions reduced the sky view factor and increased the shading in the outdoor spaces between the buildings and improved the thermal comfort for users.



Moreover, the results indicated that conserving the Ajman heritage area can support the economic growth of the Ajman Emirate by reassuring the heritage neighborhood and tourism route, including museums, coffeeshops, traditional crafts, shops and markets. Furthermore, the conserved area will foster a lively street scene, boost commerce and generate cash for the neighborhood.



This study also showed how strengthening the UAE’s cultural identity and enhancing the social sector are the predicted benefits of the conserved heritage area that has been preserved.



The heritage conservation taught us many lessons, as it helped in maintaining climate-responsive structures, saving resources and reducing waste, keeping cultural homogenization, and nurturing regional customs, values and identity. Moreover, the conservation strengthens cross-generational equity and local integration and enhances spatial appeal, increasing property values. Lastly, it fosters tourism and job diversity.



This research can support the preservation of historic sites and vernacular architecture in order to attain the sustainable objectives of constructing sustainable cities to mitigate climate change. We note that the conservation strategies should use protection plans and procedures that respect the international and related local regulations to conserve and rehabilitate the heritage areas.



Finally, conserving, reviving and restoring heritage can recover the goal of sustainable cities from heritage conception to sustainable realization via strategic planning at all levels and the creation of relationships with stakeholders to find the future in our past.




7. Study Limitations


This study was limited to a specific location and time; thus, it is advised to look into other heritage sites to more accurately evaluate the benefits of heritage conservation on sustainability levels, as the study was only conducted at two locations in the hot desert climate of the UAE. Additionally, it is advised to study other days of the year to provide more thorough results, as we just considered one summer day.
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Figure 1. Architectural elements in Al Ahmadiya school, UAE [32,33]. 
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Figure 2. Methodology outline of the research. 
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Figure 3. Case study climate and conditions. (a) Ajman-UAE [39], (b) Ajman heritage area [40], (c) Average air temperature [41], (d) Wind rose [42]. 
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Figure 5. Validation results for the software simulation. (a) The chosen point (A) for the validation; (b) The chosen point (A) for the validation in the heritage area; (c) Graph for both air temperature recordings: simulated by ENVI-met and measured by Extech 45170. 
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Figure 6. Al Fahidi district—the traditional area in the Dubai Emirate, UAE [55]. 
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Figure 7. Reconstruction and conservation suggested plan for the Ajman heritage area. 
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Figure 8. Places in the Ajman heritage area that strength the traditional identity [54,60,67]. 
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Figure 9. Ajman proposed tourism path that connect the heritage area to the shoreline [70,71,72]. 
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Table 1. Examples of passive design approaches.
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	Passive Design Approaches
	Notes
	References





	Orientation

 [image: Buildings 13 00418 i001]
	The position of the walls, masses and openings of the buildings according to the sun path affects the expanse of solar gain for the buildings.
	[14,15]



	Vegetation

 [image: Buildings 13 00418 i002]
	The green elements between the buildings can improve the thermal conditions for the outdoor areas by increasing the shaded areas and by the evaporative cooling technique.
	[16,17]



	Courtyard

 [image: Buildings 13 00418 i003]
	The courtyards create shade and improves the ventilation and air circulation due to the stack effect.
	[18,19,20]



	Shading devices and projected masses

 [image: Buildings 13 00418 i004]
	The difference in heights and the shading devices increase the shaded areas and reduce the air temperature.
	[21,22]



	Compacted Urban layout

 [image: Buildings 13 00418 i005]
	The organic and semi-attached masses in the vernacular and traditional urban layout increase the shaded zones and reduce the area of the walls that is exposed to the direct solar radiation, therefore decreasing the heat gain.
	[23]
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Table 3. Passive approaches and elements for the suggested outline for the development of the Ajman heritage area.
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	Added Passive Approaches and Elements
	Description and Location
	Social Advantage
	Economical Advantage
	Environmental Advantage
	Reference





	1—Public and private courtyards
	Courtyards are created between the buildings and within the new masses of the reconstructed heritage
	The public courtyards improve identity, sense of belonging
	Gathering area for the different entertaining and cultural activities
	Stack effect

increases the shaded area and

lowers the outdoor temperature
	[58]



	2—Compacted Masses in the southern part of the district
	It was added according to the arrangement of the masses, especially in the southern part of the heritage district to increase the shade during the sun passage from east to west
	Copying the old urban layout for the heritage area and reflects the traditional atmosphere
	These masses can be used for different tourism activities
	Increase the shaded area because of

low sky view factor
	[10]



	3—Narrow windy pathways
	They were formed between the masses as narrow streets
	Copying the old streets in the heritage area
	Reflects the traditional spirit of old streets as attraction elements for tourists
	Creates canyon breeze that improves the air movement
	[59]



	4—Barajeel wind towers
	They were integrated above some buildings

in the expanded area
	Heritage icon
	Attraction point to the heritage area as a public heritage icon
	Due to their height they will create more shaded area on the buildings and in the streets
	[22]
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Table 4. Simulation criteria for the case studies.






Table 4. Simulation criteria for the case studies.











	Case studies main features
	Base case heritage—Ajman existing heritage area before conservation and expansion
	Conserved heritage—the proposed outline for the conservation and development of the Ajman heritage area
	Modern district—Al Ragaib modern district



	Urban layout
	 [image: Buildings 13 00418 i006]
	 [image: Buildings 13 00418 i007]
	 [image: Buildings 13 00418 i008]



	Built-up units
	 [image: Buildings 13 00418 i009]
	 [image: Buildings 13 00418 i010]
	 [image: Buildings 13 00418 i011]



	
	 [image: Buildings 13 00418 i012]
	 [image: Buildings 13 00418 i013]
	 [image: Buildings 13 00418 i014]



	Plot area
	200 × 200 = 40,000 m2
	200 × 200 = 40,000 m2
	200 × 200 = 40,000 m2



	Built-up area
	Around 11,500 m2
	22,000 m2
	Around 11,500 m2



	Urban layout
	Organic layout
	Organic layout
	Grid pattern layout



	Streets width
	Windy and narrow
	Windy and narrow
	Straight and Wide



	Urban and street geometry
	 [image: Buildings 13 00418 i015]
	 [image: Buildings 13 00418 i016]
	 [image: Buildings 13 00418 i017]



	Height of the buildings
	4 m, 8 m and (Brajeel) 12 m
	4 m, 8 m and (Brajeel) 12 m
	8 m



	Buildings type
	Semi-attached houses
	Semi-attached houses
	Residential-detached houses



	3D geometry
	 [image: Buildings 13 00418 i018]
	 [image: Buildings 13 00418 i019]
	 [image: Buildings 13 00418 i020]
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Table 5. Case study model geometry and conditions.
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(a) Case studies model geometry and conditions




	
Model geometry and conditions

	
Details




	
Cell size

	
2 m × 2 m × 2 m (dx, dy, dz);




	
Grid sum

	
100 × 100 × 25 (x, y, z)




	
Total time run for each simulation

	
24 h




	
Climate

	
Ajman -UAE




	
Construction materials

	
Moderate wall insulation and roof insulation.




	
(b) Unified Materials Thermal Properties for All the Cases




	
Thermophysical Properties

	
Thermal Conductivity (W/m K)

	
Density (kg/m3)

	
Specific Heat (kJ/kg K)

	
Albedo




	
Concrete pavement light

	
1.37

	
2076

	
0.88

	
0.25–0.70




	
Default wall- Moderate insulation

	
1.4

	
2350

	
0.88

	
0.25–0.70




	
References

	
[78,79]

	
[78,79]

	
[79,80]

	
[81,82]
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Table 6. Potential air temperature and sky view factor for the base case heritage, conserved heritage and the modern districts at 13:00 pm on 21st of August at a height of 1.8 m.
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Case Studies

	
Base Case Heritage District  [image: Buildings 13 00418 i021]

	
Conserved Heritage District  [image: Buildings 13 00418 i022]

	
Modern District  [image: Buildings 13 00418 i023]






	
a—Potential air temperature °C

 [image: Buildings 13 00418 i024]

	
 [image: Buildings 13 00418 i025]

	
 [image: Buildings 13 00418 i026]

	
 [image: Buildings 13 00418 i027]




	
b—Histogram- Potential Air temperature distribution %N

	
 [image: Buildings 13 00418 i028]




	
c—Sky view factor

 [image: Buildings 13 00418 i029]

	
 [image: Buildings 13 00418 i030]

	
 [image: Buildings 13 00418 i031]

	
 [image: Buildings 13 00418 i032]




	
d—Histogram—Sky view factor

	
 [image: Buildings 13 00418 i033]
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Table 7. The PMV, MRT, humidity, and wind speed for the base case heritage district, conserved heritage district and the modern districts at 13:00 pm on 21st of August at a height of 1.8 m.
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	Case Studies
	Base case Heritage District
	Conserved Heritage District
	Modern District





	a—PMV

 [image: Buildings 13 00418 i034]
	 [image: Buildings 13 00418 i035]
	 [image: Buildings 13 00418 i036]
	 [image: Buildings 13 00418 i037]



	b—Histogram- PMV distribution %N
	 [image: Buildings 13 00418 i038]
	 [image: Buildings 13 00418 i039]
	 [image: Buildings 13 00418 i040]



	c—Mean Radiant temperature

 [image: Buildings 13 00418 i041]
	 [image: Buildings 13 00418 i042]
	 [image: Buildings 13 00418 i043]
	 [image: Buildings 13 00418 i044]



	d—Mean Radiant temperature
	 [image: Buildings 13 00418 i045]
	 [image: Buildings 13 00418 i046]
	 [image: Buildings 13 00418 i047]



	e—Relative Humidity

 [image: Buildings 13 00418 i048]
	 [image: Buildings 13 00418 i049]
	 [image: Buildings 13 00418 i050]
	 [image: Buildings 13 00418 i051]



	f—Histogram- Relative Humidity
	 [image: Buildings 13 00418 i052]
	 [image: Buildings 13 00418 i053]
	 [image: Buildings 13 00418 i054]



	g—Wind speed

 [image: Buildings 13 00418 i055]
	 [image: Buildings 13 00418 i056]
	 [image: Buildings 13 00418 i057]
	 [image: Buildings 13 00418 i058]



	h—Histogram- wind speed
	 [image: Buildings 13 00418 i059]
	 [image: Buildings 13 00418 i060]
	 [image: Buildings 13 00418 i061]
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