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Abstract

:

Historic buildings still perform their role today by being utilized either for their original purpose or a new purpose for which they are adapted. These buildings have specific requirements that inhabitants must follow. These requirements and relating uses and maintenance procedures result from adaptive reuse decisions, which may not be the most optimal scenario. The imperative is that historic buildings are used in a manner that, on the one hand, does not endanger their value related to heritage and tradition, and on the other hand, guarantees a degree of utility for their inhabitants, such as acceptable performance with regards to either air cooling or heating. The challenge is how to optimize the use of energy for either air cooling or heating, provided that adaptive reuse decisions are grounded in certain very specific and very rigid principles. The latter render is extremely difficult to meet the twin challenges of ensuring energy efficiency and thermal comfort for inhabitants while at the same time complying with the adaptive reuse principles. To address this challenge and gain an insight into ways of navigating it, a Post Occupancy Evaluation (POE) is conducted in Former Soldier’s Residence in the Cairo Citadel, Cairo, Egypt, which is now used as the National Organization for Urban Harmony’s (NOUH) administrative head office, this research can be considered as a single domain from which many other possible multi-domains can be investigated while studying the case of adaptive reuse. Other aspects such as indoor environmental quality, air quality, acoustics and lighting might act as multiple approaches appear to be widely used according to this review study, and in the future, the authors intend to test this research with the current single approach used in this research, which is the thermal comfort. POE includes both objective and subjective assessment, the POE limitation at this research to those assessment while a multi-perceptional and behavioral factors might be used as physical, contextual, personal, and others. The simulation and the survey methods were employed consecutively to assess the case study. By considering the research results, it was determined that the building consumes unnecessary energy by its current use of air conditioning system.
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1. Introduction


Green, smart, and embracing the heritage: reconciling energy efficiency, utility, and preservation needs of historic buildings.



Adaptive reuse is considered one of the most common ways of preserving historic buildings and considers many aspects of using a building according to the chosen use. Buildings can be classified as reused, i.e., using the historic building for the same original use without modification. Simultaneously, adaptive reuse is performed by applying a new use for a building whose original usage has changed. This is the case for the chosen case study, as the army no longer uses the Citadel. This adaptation may need some modification to achieve the minimum level of adaptation for the new service. The adaptive reuse objective is to preserve the heritage and architectural values and to perform maintenance through continuous supervision of the building by its users. The economic aim is a vital aspect of closed monuments all over Egypt. Moreover, the government requires many usable buildings, driving the necessity for adaptive reuse principles. In its current role, the historic building keeps the community aware of its value. It helps with the preservation of history and the communication between people and this history [1].



Respecting the properties of every historic building, district, or city is an essential part that to fulfill the benefit from the community with full respect to the environmental context, as the operation of adaptive reuse cannot exclude the community, this adaptive thinking needs decision assistance in order to control the complex interventions related to adaptive reuse [2].



Suitability is an essential factor in adapting a historic building for reuse, and it should be visually suitable and reversible. Moreover, it must not be harmful to the building’s structural performance due to any dead or live loads related to use. Economic efficiency ensures that the required maintenance of that use is not higher than the service. In the case study, the building was used as an administrative and cultural building without any significant modifications. Citadel buildings of the northern enclosure are used by Antiquities and Culture’s ministries, such as the Historic Cairo administration, the National Organization of Urban Harmony, monument registration administration, tourism police, and small museums [3]. Investigations in historic buildings are very challenging, especially when the available resources are limited and priorities are interrelated, so the objective has to be well defined from the decision maker’s point of view to respect the budget constraints which may or may not support investing in energy strategies for the historic buildings [4].



Another essential factor that limits adapting historic buildings and its subsequent visual impact is the energy consumption and thermal comfort of the occupants of historic buildings—which is the main focus of the current paper—due to a lack of foresight and because energy consumption strategies may conflict with the maintenance of the historic building (e.g., installing solar energy and adding insulation layers). Often, when adapting historic buildings for reuse, energy efficiency goes unconsidered, despite being quite straightforward. Sometimes, the historic building is affected visually as the cooling system’s requirements in Egyptian historic buildings are often exposed. No internal hidden pipes are allowed to be implemented inside the historic walls according to the Egyptian law of antiquities—no.117, 1983, which was updated and developed in 2010 [5].



The historic building may use thick stone walls and multiple layers of flooring and ceilings crafted from wooden elements and other traditional insulation materials. This construction already keeps the heat out in summer more effectively than concrete buildings; using this method, energy consumption can be more easily achieved. However, it still needs to be demonstrated that there is no need for air conditioning in these kinds of historic buildings [6]. Historic buildings have many privileges in terms of sustainability. However, in some cases, reusing a building and its requirements of energy can make achieving sustainability seem to be a big challenge [7]. This research focuses on historic buildings constructed from the traditional materials at the arid zone of Egypt to investigate the adaptive reuse thinking, thermal comfort of their occupants, and energy consumption.




2. Theories of Adaptive Reuse—Literature Perspective


Adapting heritage buildings for new uses is quite an old concept; the idea of adaptive reuse first involved the structural safety of historic buildings, regardless of the typology of the buildings or the function itself; as such, it was an adaption concerning structure. Then, this function became a core idea of the adaptive reuse approach. This approach to adaptation started during the renaissance, as many religious buildings were turned to industrial or military use by considering contemporary conservation and practice. Applying any changes to suit a function is called adaptive reuse, and many theorists discussed the adaptive reuse of heritage buildings during the 19th and 20th centuries. Heritage and adaptive reuse theory during 19th-century restoration practices was developed by either Le Duc (1814–1879), the architect who worked as the antiquity’s inspector-in-chief in France, or by the anti-restoration movement by John Ruskin and his student William Mouris (1819–1900), both of whom were orthodox, conflicted parties [8].



Viollet Le Duc restored many buildings, such as the Notre Dame, the Castle of Pierrefonds, and the Castle of Carcassonne; he added complete pieces to the heritage buildings with the same original shape. Despite his famous work, he was criticized by most of his colleagues, especially Ruskin, who called this kind of restoration “a complete destroying”. His theory depended on reuse as the best way to preserve a building. In other words, its reuse should be dependent on the intended use of the historic building and the historic building’s original architecture; one should simulate what the original architect would do if they were to adapt this building to its new purpose. Ruskin mostly used the original styles; for this reason, this was referred to as the Ruskin method, which was frequently criticized as disregarding the heritage authenticity. Ruskin himself called the restoration a trial to restore the people from death, so he was unequivocal that no one could restore the beauty of the heritage building as it was originally constructed; as such, theories that oppose Ruskin’s depend on preventing restoration and reuse since this would preserve the beauty of the heritage building [9].



Another theorist criticized the two approaches of Ruskin and Le Duc, as Boito referred to the restoration of the monument’s uniqueness or heritage building itself. Boito classified restoration into three categories: antiquities restoration for ancient heritage buildings, creative restoration for medieval era heritage buildings, and architectural restoration for renaissance and other heritage buildings. Boito’s theory distinguishes the restoration from the original building; his thinking established the Italian restoration approach. In addition to Venice charter basics, which relied on his study, he said, “the conservation of monuments is always facilitated by making use of them for some ‘socially useful purpose’”, with total respect to their artistic and historical values, and he focused on social use, maybe because this is one use that can be implemented with or without minor changes when compared to the other adaptive reuse categories [10].



During this period (1858–1905), another theorist, with an approach that struck a balance between the two conflicted approaches of Viollet Le Duc and John Ruskin, emerged. This theorist, Riegl, focused on the distance between the creative restoration, which allows changes for use and conservative thinking. In his article, “Der Moderne Denkmalkultus: Sein Wesen und seine Entstehung”, he clarified that the heritage building itself has a conflicting value, which exists since its construction. He distinguishes between the values of architecture, history, use, and other aspects. Those conflicted values let both approaches have their own logic, despite his criticism of the creative restoration; however, he ensured that reuse is an essential part of modern conservation, and his text defines the importance of maintaining the heritage buildings that had been used, with the essential intervention needed to secure people’s lives. These practical considerations may affect age value, and exceptions should be kept to a minimum.



Many charters have been issued to organize how historic buildings should be dealt with, which have been issued by The International Council of Monuments and Sites (ICOMOS) [11]. In the Venice charter [12], the compatibility of the current use with its historical use was the central factor. This was then followed by the vernacular heritage charter, under the article of adaptation [13], which highlighted the suitability and responses to the proposed usage between a building and its historical use. The Burra charter reached a more profound concept in adaptive reuse regarding integrity and impacts on the historic building [14]. The use of the building, as determined by NOUH, should be taken into account in order to respect the integrity of the structure, its character, construction, and safety conditions, including its usefulness and compatibility. Finally, the adaptation must have a minimal impact on the cultural significance of the building.



Those previously mentioned charters are restricted to conserve the physical properties of the historic building. This aspect is the one which may be affected by applying energy consumption and thermal-comfort-achieving strategies, especially if affected by selecting an additional material as an addition to the interior of the historic building. The four respected criteria, authenticity, integrity, reversibility, and compatibility, also govern the application of those strategies [15].



After the Second World War, many heritage buildings had been lost due to the armed conflict. In this era, the United Nations founded and established UNESCO, “United Nations for Education, Science, Culture Organization”, the organization which produces the manuals and books related to world heritage conservation and management. UNESCO founded ICOMOS for the heritage protection. Known as the World Heritage Convention 1972, the ICOMOS (International Center of Monuments and Sites) has made all the known charters since 1930 until now, and these charters organize dealings with heritage buildings and formulate the contemporary theory of conservations. Both UNESCO and ICOMOS, through the World Heritage Center, deal with conservation theorists all over the world such as Jukka Jokilehto and Bernard Fielden, who are the authors of conservation and management manuals, and Christina Cameron, the professor of Heritage conservation. The World Heritage Center also considers the most contemporary theorists in this field in addition to Mechtild Rössler, the director of the World Heritage Center and the expert of both cultural and natural heritage, especially Jokilehto, Fielden, and Cameron, who introduced the required balance between conservation and reuse through presenting how to conserve the values and allow for the heritage perform a role in the everyday life of the local and universal communities as well [16].



Another evaluation analyzed the adaptive reuse process and divided the evaluating criteria dimensions into on-site and off-site criteria. The on-site criteria are related to the compatibility of the function with the heritage building, construction period adaptation, social significance, mixed job opportunities, and the involvement of the community, while the off-site criteria are about the design of public recreational spaces, initial cost, the involvement of local associations, improvement of the accessibility, and sustainable development goals [17].




3. Adaptive Reuse in Relation to Thermal Comfort and Energy Performance


In relation to energy efficiency in heritage buildings, many studies showed how this thinking could be used in heritage buildings containing a material designed to achieve thermal comfort [18]. In addition to the ventilation elements and wall thickness, most of the studies focused on building envelope modifications and enhancing heat performance levels, which is the opposite of what is required in Egypt. Based on those studies, guidelines appeared regarding the adaption of heritage buildings, considering sustainability as a merged set. In China, in 2010, the international conference on sustainable buildings and risk management was held. In one of the proposed studies, the green adaptation of heritage buildings was raised as a suitable strategy to extend the heritage buildings’ age and reduce the carbon footprint on the contextual environment [19]. In 2011, a new design and evaluation tool was developed, called AdapSTAR, which contributed to the integrated criteria of the green design of heritage buildings, similar to the LEED “Leadership for Energy and Environment Design” system, which consists of economics, physical, technological, social, legal, and political categories. These categories gain points when the building succeeds. However, despite this approach’s success, it was never universally applied [18].



Some research proved that neglecting the climate could produce some risks, so those expected risks should be predefined. Direct discussions with the users of the historic building can help identify those risks, such as using the cooling system instead of heating, related accumulative costs, and discomfort which causes performance risks. [19].



Under the UNESCO (United Nations for Education, Science, and Culture Organization) regional office, the UNDP (United Union for Preserving Nature) Croatia program published a guideline for the energy management of heritage buildings. As a national step towards achieving the energy efficiency of the listed buildings, Croatia declared a law to force the consideration of energy efficiency in heritage buildings with evaluation certificates [20]. In 2014, another guideline (Italian Association of Air Conditioning), “Associazione Italiana Condizionamento dell’Aria Riscaldamento e Refrigerazione—AICARR”, was created to evaluate and enhance energy efficiency in heritage buildings. The AICARR Guidelines “Energy Efficiency in Historic Buildings” (issued February 2014) provide information to assess and improve the energy performance of historic buildings. AICARR consists of two parts: one for the monitoring organization, which includes the energy consumption basics; the other is for designers and is oriented to the review and energy efficiency enhancement of heritage buildings [21]. In the book Solutions of Historic Buildings’ Energy Efficiency, published in 2015, a team of multi-disciplinary researchers proposed integrated guidelines that adapt the energy efficiency of heritage buildings. These researchers suggest intervention methods that respect the outer structure and heritage building envelope, user’s thermal comfort, and energy efficiency, which are explained through eight case studies from the Efficient Energy for EU Cultural Heritage (ENCULT) research project that bridge the gap between conservation and climate protection and was named by its author Troi, A. in his study named “Energy Efficiency Solutions for Historic Buildings”; it presented measures, results, and designs presented in relation to the modification that had been applied to heritage buildings, which makes this book an important reference for the selection of materials and intervention methods [22].



In some cases, a tailored methodology is needed to suit the varied uniqueness of each historic building, and a monitoring part can be conducted as a future study by integrating sensors that can inform the indoor status and reflect the level of the thermal comfort. In addition to the suitable environment of the historical materials, a set of technologies can hypothesize how to control indoor and thermal comfort levels without negatively impacting the historic building, an iterative monitoring process needed to decide about the timing of intervention and preventive conservation which is essential to an adapted historic building [23].



Another approach used by researchers was the Analytic Hierarchy Process (AHP)—AHP is a method for organizing and analyzing complex decisions using math and psychology to produce alternatives for reusing heritage buildings. This approach was developed to be flexible and to suit the uniqueness of various heritage buildings. From another perspective, an evaluation has been made for the environmental efficiency of heritage buildings—more specifically, for evaluating the strategies of adaptive reuse, with those strategies being assessed in relation to occupancy level and to study the occupancy impact on building lifecycle economics and environmental aspects. The cases presented in the study compared the different scenarios of energy efficiency and occupancy level to support the decision-making process in choosing the best solution for adaptive reuse [24].



An overall improvement of energy consumption is a reachable target in historic buildings, as it is mostly designed with good ventilation and daylight, so the consumption thinking not a new idea for this category of building. A case study was an essential step as adaptive reuse is not so common practice, so a flexible approach based on the circumstances of the building itself can be a keystone for generalizing this thinking of historic buildings [25].




4. Simulating Heritage Buildings’ Adaption in Relation to Energy Performance, Ventilation, and Sustainability


Most frequently, studies of heritage building reuse are focused on some specific analysis that defines the useful suggestions needed to enhance the performance of heritage buildings and evaluate the expected impact on a heritage building. In the case of demand changes to reuse the building, for example, adding materials that enhance the energy performance of the building envelope, changing the windows, or adding a cooling or heating system. This raises the issue of heritage building restrictions, as a heritage building with decorations could not permit the addition of any elements that might run counter to the original features. Research activities were conducted to find a method of keeping the values of the original features and fulfilling the function; most of these methods depended on simulations and mathematical calculations [26].



Choosing the correct indoor environment strategy very prior to the historical materials, many studies depend on combined approaches between the simulation and numerical measures, so computing the existing case and the expected one can achieve a better environment for the material so it can preserve the and sustain the components of the historic building. This simulation can highlight the leading causes of deterioration connected to thermo-physics, so any risky zones which need different climate control can be addressed [27].



In 2013, a researcher studied the light and heat efficiency of a historic monastery, which was transformed and adapted as a fashion show hall in Florence, Italy, where an addition was applied to the ceiling. The energy and thermal comfort efficiency was evaluated by Thermal Analysis Software (TAS), the simulation and modeling tool. Another monastery in Barcelona was analyzed by mathematical analysis to study the heat resistance of walls and sunray penetration through windows to reduce heat and decrease air-conditioning device use. Another study focused on simulations with a careful selection of the building’s materials, which addressed several alternatives for the building envelope treatment. This study determined that it was possible to transform a historic building into a hotel without affecting the heritage value and reduced the energy consumption by 34% compared to the expected energy consumption rate for running a hotel, as proven in that research [28].



Another study was conducted in Egypt in 2018 at one of the Alexandria heritage buildings, addressing its adaptive reuse and putting forth different alternatives for energy consumption by simulating other options and producing energy from solar cell units [29].




5. Heritage Buildings’ Adaptive Reuse of Case Studies Review Analysis


In this section, three historical buildings that have been reused nationally and internationally and investigated by other researchers previously are reviewed in Table 1. Our analysis in this research for these case studies will cover the following:




	(1)

	
The original use of the building and its construction year;




	(2)

	
The reuse function of the building and its retrofitting year;




	(3)

	
Architectural description of the building and its heritage value;




	(4)

	
Retrofitting level;




	(5)

	
Owner, location of the building, and its area;




	(6)

	
Energy Retrofitting Strategies, if any, and the used software to analyse the energy performance and thermal comfort;




	(7)

	
Improvement of the efficiency of energy systems.









This will help in outlining the investigation process of the current research generaly and for its case study specifically. In addition, the output of this analysis will aid the discussion and the analysis of the current research. This aim of this analysis is to figure out the most important construction and design elements that can enhance the thermal performance of the historical building and that can help in energy saving.



From the previous cases analysis, it is revealed that it is not necessary for the heritage value, which is represented by the buildings and retrofitting, to be conflicting if well designed. In addition, the strategies of retrofitting and adaptive reuse which respect the naturality of those traditional building can vary from deep and low intervention according to the sensitivity of the value. Despite the fact that it can add some limitation to the adaptive reuse, the original materials should be kept. Most of the cases changed the windows and depended on software to simulate the buildings before and after the intervention. The multiple approach of adaptation respecting the retrofitting concept could be more practical than adopting single intervention methods, the thermal comfort has a good level while the construction walls are thick, as shown in the following analyzed case study by the authors. Finally, uncareful adaptation and retrofitting to achieve better thermal comfort and energy efficiency can destroy the heritage values.




6. Materials and Methods


A multi-techniques methodology is employed in the current research. These techniques include a directed questionnaire with closed-ended questions, a simulation, and an analytical literature review, including previous cases studies. The latter was used to review the relevant literature and build a preliminary theory on the adaptive reuse of historical buildings. In addition, the questionnaire and the simulations are employed to cover the Post Occupancy Evaluation (POE) strategy, which depends on combined techniques, including both the objective and the subjective assessments. The simulation approach as a tool of behavior representation of a historic building through Design Builder software and Autodesk-Ecotect is used to conduct the objective assessment. At the same time, the questionnaire tool is applied to measure the occupants’ responses to cover the subjective assessment part.



A full simulation study should be applied to define the environmental conditions of any historic building before adaption because several heating and cooling scenarios can be implemented, so a simulation study can assess the decision to assign the suitable procedure to achieve thermal comfort and save unnecessary energy usages. [36]. The simulation was used to test the case study’s thermal performance during the main seasons (summer and winter). It is worth mentioning that many researchers have utilized this methodology [24,35]. First, the Weather Tool software was used to analyze and visualize the hourly climatic data of the location. Second, the Design-Builder and Ecotect 5.6 software were used to model and test the case study’s thermal performance. The hourly air temperature degrees inside one of the building’s central zones were simulated on 15 July, representing the year’s hottest day; in contrast, 27 February was used to represent the coldest day of the year. The simulated air temperature degrees were statistically compared with each other in addition to the outside air temperature, providing a clear understanding of the effect of the building materials and design on its thermal performance during the two seasons; this measure was taken to help determine both a suitable adaptive reuse decision and the reasonable consumption of energy when considering the consumption rates and comfort levels.



The questionnaire addressed the occupants of the building (14 persons) to ensure a complete sample. The questionnaire had 23 questions divided into 2 sections. The first part consisted of eight questions that measure the dress code and thermal perceptions; the second part, which ranged from questions 9 to 23, discussed the state of the adaptive reuse of the building regarding its suitability for its intended use, the philosophy behind the adaptation, possible conflicts between adaption and historic buildings, limitations regarding work requirements, and so on. A predictive correlation model was developed to assess the adaptive reuse quality parameters achieved through crosstab and correlation analysis. These measurements were extracted from the international charters of heritage adaptive reuse issued by the International Council of Monuments and Sites (ICOMOS). Consequently, the questions could be classified into 4 categories as listed in Table 2.



The analysis of the questionnaires’ results was performed using the Statistical Package for the Social Sciences (SPSS). To determine the purposive sample, two tests were applied. The first involved a crosstab descriptive test in describing the direct relation of the sample. In contrast, a predictive correlation test was used to reveal the main correlated variables to be considered when adapting a historic building for reuse; these relations determined that some items were to be considered more than others and showed some strong correlations between those elements.



The answers to the thermal comfort questions determine the Predicted Mean Vote (PMV) and the Predicted Percentage of Dissatisfied (PDD) indices. The PMV index is defined by the Chartered Institution of Building Services Engineers [29] as “the mean value of the votes of a large group of persons, exposed to the same environment with identical clothing and activity.” In contrast, PPD predicts the percentage of unlikely occupants to be satisfied with the thermal conditions. Dissatisfaction values on the PMV scale range from −3 to +3 [37].



The PMV/PPD index uses different human and environmental factors that affect thermal comfort [29]. It has been adopted in British, European, and international standards [38]. According to the American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE), the PMV/PPD indices combine the effects of air temperature, mean radiant temperature, air movement, and humidity with clothing and activity levels into one value on the thermal sensation scale—see Figure 1 [39].




7. Case Study Adaptive Reuse of Military Building in Cairo Historic Citadel


Islamic civilization created its unique urban heritage throughout many eras of history; however, a common concern in all of those eras was how to defend the city against enemies, leading to the construction of defense buildings such as the Citadel. There is a notable difference between the Citadel, which is the case study chosen for this research, and other complexes found in Islamic cities that are characterized as typical urban heritage structures, designed with narrow alleys to create shade and shelter the town from strong winds. The Citadel depends on its wide spaces between buildings, creating a different airflow (Figure 2).



The Citadel is an architectural complex referred to as the mountain citadel; it is located in Cairo, Egypt. Its site was chosen carefully due to its strategic location. From that height, Cairo can be observed in its entirety from the Citadel, as it is located on a high, rocky mountain, making it difficult for anyone to climb it without being seen; in 1176, this complex was established by Salah Al-Din Al-Ayoubi and has been listed as an archeological site since 1951 under no 556 [40] (Figure 2).



A historic building in the Citadel was chosen as the case study, which is a soldiers’ housing unit called koshlaq four, and is currently used for administrative and cultural purposes. This building was established in Muhammad Ali’s era and restored in Said Pash’s era, but some changes were made to the original design; for example, all the void ducts connected to the north wall of the Citadel were closed. The Citadel is no longer a residence for soldiers and has deteriorated a lot because of the lack of maintenance. The new use of this building started in 2004 after the last restoration process, which began in 2001, the nature of use depends on movable furniture to perform administrative work related to the urban harmonization of valued districts. This function interfered at the building at the minimum level with durable materials as mentioned before at the changes applied to the heritage building.



The koshlaq four building consists of two floors. The structure involves barring walls made of stone. The first floor is made of carved limestone with a height of 4.7 m, and the second floor, with a height of 4.5 m, is made of various types of stone with wooden beams and has been plastered. In the middle of the second floor, there is a Qamariah (the red square in Figure 3), which was added in during the previous restoration. The windows are symmetric in the facades, and the door is in the middle. Another condition of the koshlaq design is that the facade length should be 3–5 times the height. The building has two doors; the main entrance is in the west facade, with a circular arch at the top and a height of 3 m and a width of 1.52 m. The second door was not found in the original plans in the north facade; it now has the same design and dimensions as the main door. According to the original plans, some differences can be seen in the ground plan; some spaces have been divided into smaller spaces, and some facilities have been added, such as the toilets and the stairs. The building has various ventilated elements, such as the Qamariah, Shokhshikha, and a backyard court.



The original design of the buildings depends on natural ventilation, which depends on opening the Shokhshikha (the blue square in Figure 4); in addition, the cross ventilation comes from the windows, and a small amount of open space exists in the backyard of the building, which helps in cycling the air through the multi-directional air tower “the Shokhshikha”. Thus, the building orientation itself reflects its defensive purpose rather than any environmental purpose.



The case study’s thermal behavior differs from one season to another. Therefore, the advantages of the room orientations vary according to the season; the sun is the primary heat source. The building is comprised of weight-bearing walls made from stone with wooden beams, ceilings, and windows.



This building (Figure 3, Figure 4 and Figure 5) underwent many restoration processes; the last was in 2001, and since that time, it has been under the control of the National Organization for Urban Harmony. This administrative organization belongs to the ministry of Culture [41].




8. Analysis, Results, and Discussion


The POE revealed a set of essential findings, revealing that the current heating/cooling scenario is not correct. This is described in detail in the following subsections.



8.1. Simulation Analysis


As explained in the research methodology, the purpose of the simulation was to test the case study’s thermal performance during Summer and Winter. In the beginning, the hourly climatic data were analyzed using the Weather Tool software. This tool visualizes the hourly air temperature for the entire year and determines the comfort range using several approaches. In this research, the adaptive free-running model by Humphreys was used.



By analyzing the hourly climatic data for the “Helwan city, Egypt” file, obtained from the United States Department of Energy (US DOE) and installed in the main library of Design-Builder and Ecotect, it was found that the thermal comfort zone in July, based on the adaptive model for free-running buildings, ranges between 26 and 31 °C in summer. In contrast, it ranges between 18 and 22 °C in winter (Figure 6). This gives us a wide comfort range between 18 and 31 °C for the whole year.



After that, the simulation software (Design-Builder and Ecotect V5.6) was used to model and test the case study’s thermal performance. The building was simulated as a free-running building with a natural ventilation system.



Simulation results using Design-Builder and Autodesk Ecotect show some differences in the building’s thermal performance, both confirm that the diurnal temperature variation in the air temperature is minimal due to the high thermal mass of the building’s walls. The air temperature inside ranges between 30.7 and 31.7 °C, (1 °C difference), whereas the outside air temperature ranges between 25 and 38 °C (13 °C difference) on the same day (15 July). This confirms the thermal mass strategy’s effectiveness as one of the best passive strategies for hot, arid climates (Figure 7).



The hourly air temperature degrees inside three of the building’s central zones were simulated on 15 July, representing the year’s hottest day. The hourly air temperature on 27 February was used for the coldest day of the year. Statistically, the simulated air temperature degrees were compared with each other in addition to the outside air temperature. This clarifies the building materials’ effect and design on its thermal performance during the two main seasons (Figure 8).



Upon comparing the hottest and the coldest days of the same zone in the building (Zone-7) using Autodesk Ecotect (Figure 8), it was found that the highest air temperature on 15 July (the hottest day) was 30.5 °C, whereas the lowest air temperature on 27 February was 13.5 °C.



Surprisingly, the hottest air temperature degree is found to be within the summer comfort zone, while the coldest air temperature degree is lower than the comfort zone in winter by 4.5 °C.



Part of the survey that has been conducted with the building’s occupants addressed their thermal sensation. They confirmed that they feel discomfort in the building during the winter season. They added that the building is not exposed to solar radiation from any side. The Citadel fence is almost at the same height as the building, and the urban combat fabric prevents the penetration of solar radiation during the winter season.



The occupants’ responses from the survey revealed that occupants felt warm during summer and cool during the winter, with a Predicted Mean Vote (PMV) equal to 2.21 and −1.89, respectively. This confirms the building’s excellent performance since few occupants reported that they feel hot in the summer and cold in the winter. To check the validity of these results, they were compared via objective assessment using the Cardiff PMV Tool’s simulated data. The average simulated data on the building’s thermal performance in January and June were chosen to represent the winter and summer, respectively. These data include air temperature, Mean Radiant Temperature (MRT), air velocity, and humidity levels. The occupants’ data regarding activity rates and clothing levels were collected from the occupants during the survey (Table 3).



The comparison revealed some differences between the subjective and the objective assessments. The PMV in winter shows that the subjective PMV = −1.89 and the objective PMV = −1.21, indicating that the occupants feel slightly cool/cool. The difference in the subjective/objective PMV during the summer is more significant (subjective PMV = 2.21 and objective PMV = 1.15), indicating that the occupants feel warm/hot and slightly warm, respectively (Figure 8).



The authors of this research believe in the building’s comfortable thermal performance during the summer due to its high thermal mass and acceptable air velocity levels. The simulation results obtained using Design-Builder and Autodesk Ecotect, in addition to the Cardiff PMV Tool, confirmed the authors’ assumptions. Moreover, based on the authors’ experience and previous research into hot climates, occupants of other buildings frequently report their thermal sensation as very hot. However, the occupants of this building reported that they were only warm, confirming the acceptable thermal performance of the building. People do not believe that passive strategies in buildings can significantly reduce the air temperature in summer. They install air conditioning systems and use these systems during summer without allowing themselves to open the windows or install fans. By analyzing the required monthly cooling and heating loads for the building (Figure 9 and Table 4) based on the adaptive model for free-running buildings (18–31 °C), it was found that the cooling needs are minimal compared to the heating loads.



The building needs 575 kWh for cooling in summer and 2998 kWh for heating in winter.




8.2. Survey Analysis


The survey analysis consists of two parts: the first is a crosstab descriptive test, which shows both the chi-square significance indicator in relation to symmetric measures and opinion analysis; the second part is a correlation coefficient predictive test, which yields the correlation significance and addresses the strength or weakness of the relation applied to the set of adaptive reuse indicators.



8.2.1. Survey Analysis Crosstab


Crosstab summarizes the relationship between different variables of categorical data. As the basic crosstabs in SPSS command give counts by default, this test was applied to describe the set of questionnaire results that were used to determine the adaptive reuse status. Most of the responses ensure the suitability of the procedures for a historic building, as shown in the questions listed in the following table. The impact of the adaptation on this historic building is minimal. Many of the other crosstab measures showed an association and highly correlated factors of more than 0.5 and near to 1, which is the range for a strong correlation. This means that the multi-variables are associated and that they can be used to formulate a combined approach for the required assessment methodology (Table 5, Figure 10).




8.2.2. Correlation Coefficient


Correlations provide information about the relationship between two variables. The degree of correlation is (1) perfect: if the value is near ±1, then it is a perfect correlation—as one variable increases, the other variable also tends to increase (if positive) or decrease (if negative); (2) high degree: if the coefficient value lies between ±0.50 and ±1, there is a strong correlation.



The Pearson correlation can be defined as a strong correlation if it exceeds 0.5 in a range from 0 to 1 (either negative or positive). The red highlighted numbers in the following table show the significance level of the correlation. In contrast, the blue highlighted numbers show a strong positive correlation, which supports the belief that a holistic approach to adapting such historic buildings should guide similar projects (Table 6, Figure 11).



A statistical analysis was performed to study both crosstab descriptive analysis, which shows the positive indicators of the suitability of adaptive reuse, as well as chi-square and symmetry measures. Both suggest associations and correlations, which drove us to perform the advanced predictive correlation test. The correlation analysis was carried out to assess the adaptive reuse variables. These variables came from the literature review study.



The correlation test shows the factors of association and the significance of the correlation, but some of the variables were associated, so that it is recommended that they be used together if this methodology is adapted for a similar case, as this set suggested an association and a strong correlation. However, if used separately, these adaptive reuse variables may not be achieved perfectly.



The adaptive reuse questionnaire, which consisted of 15 questions, ended with a shortlist of 6 questions representing the adaptive reuse status variables. As mentioned previously, the indicators extracted from the ICOMOS charters have a high correlation with six questions: Is the building prepared to suit the NOUH? Is the approach of adapting the building for reuse conservative? Do you value working in a historic building? Does the use of the building by the NOUH respect the integrity of the structure and its character? Are the building’s safety conditions taken into account? Does the adaptation have a minimal impact on the cultural significance of the building?



The building’s preparation to suit the use of one of three associated indicators, alongside five other indicators (according to Figure 11), correlated with questions or indicators from −2, 4, 8, 11, and 15, which shows the importance of these indicators. On the other hand, two other indicators, those that referred to working in a historic building, were found to be highly correlated with questions or indicators from 1, 2, 11, 12, and 15. The use of the building with respect to its integrity, structure, and character correlated with 1, 8, 12, 14 and 15, the second set, which contains another three indicators. Every indicator associated with the other four branches, which are conserved within the adaptive approach, correlated with 1, 5, 8 and 12. The building value safety condition was considered and correlated with 2, 8, 11 and 14. The impact of the building’s adaptation on the cultural significance correlated with indicators numbers 1, 8, 11 and 13. A secondary correlation was also found with six other indicators that were not associated with questions 4, 5, 14 and 13.



The holistic approach explored in this research in relation to adaptive reuse will likely be useful in implementing the six indicators as a basic framework that should be considered when adapting various aspects of historic buildings for new uses. The correlation coefficient is strong when considering the six indicators as a whole.



Crosstab, as a first step analysis, shows the preliminary directions of the answers in addition to association-correlated indicators, and because it has a positive direction of approving most of the indicators which are already embedded at the questions, the result from the crosstab reveals that these correlation lead to the performance of the second level of analysis, which is the correlation coefficient to show associations and significances between which indicators exactly are to be considered together while implementing an adaptive reuse plan.



From the results, it is obvious that the material category and relation of use to context need more future research to discover its impact and contribution to the adaptive reuse process, from the function, and its reflection and suitability to the philosophy of adaptive reuse purpose and its role in thermal comfort assessment (Figure 11)



In addition, the suitability of use is appreciated on the heritage building level, not on the contextual level or on the compatibility and usefulness level. This means the minimum level of suitability satisfy the users because of its uniqueness.






9. Conclusions and Future Developments


This research highlighted how incorrect adaptive reuse decisions could lead to the wrong approach—implementing a rigid adaptive reuse model without taking the necessary measures caused much more energy consumption than was necessary.



The simulation results confirmed the minimal need for cooling loads during summer, with more heating loads during winter. There are some discrepancies between the subjective/objective assessments. Nevertheless, both reported that occupants’ thermal sensation is between slightly warm to warm in summer and somewhat cool to cool in winter. Avoiding the feeling of being hot in Cairo during the hottest month is considered an excellent achievement in regard to building properties. The authors of this research believe that such a building, with its conditions and construction materials, requires an active heating system to allow occupants to work effectively. At the same time, natural ventilation and passive cooling techniques can adjust the air temperature to lie inside the comfort zone for the rest of the year and during the summer season via the use of light mechanical tools such as fans.



The statistical analysis formulated the two levels of research; the first crosstab description reveals an association between the adaptive reuse variables, which were extracted from the international charters by ICOMOS. This association led to the second level of analysis, which was the predictive correlation coefficient test, which had been used previously in order to define the significant indicators that control and enhance the suitability of the adaptive reuse approach. The correlations showed strength in six indicators and formulated a basic frame for the adaptation of various aspects of historic buildings.



Full consideration of a building’s energy consumption can be made when applying the necessary measures to suitably adapted buildings. Egypt has many historic listed buildings. Making the correct decisions can maintain both the conservation of historic buildings and their reuse requirements in regard to thermal comfort and energy consumption, with a particular focus on adaptive reuse.



Simulation and statistical methods assessed the adaptive reuse decisions. This allowed for the determination of the major factors regarding the adaptive reuse indicators and thermal comfort needs that can enhance a historic building’s performance, as it was demonstrated in the case study of the administrative head office of the National Organization of Urban Harmony. The administration has similar facilities, and the findings for this category of building, composed of similar common materials and with a similar structure, which is commonly found globally, may also be applicable to these facilities. Based on its unique location, upon the highest point in Cairo, the Citadel of the mountain, with all its historical layers corresponding to various historically Islamic eras, tells a thousand stories and remains useful, even today, representing the unique combination of the past, present, and future.



The futuristic vision of heritage conservation outlined clearly in Salvador Muñoz Viñas, as he stated that “Classical conservation theories (from Ruskin to Brandi) are characterized by their close adherence to Truth. These theories are currently dominant, but criticism and new alternatives are developing and gaining momentum. Three crucial notions in classical theories have been criticized: reversibility, universality and objectivity (including objective determination of damage and the notion of scientific conservation). As a result of these criticisms, emerging contemporary theory of conservation has substituted the notion of function, use or value of the conservation object for that of Truth, in the ‘negotiation’ that modern conservation theory calls for, future users have to play a role, and, most likely, it will be the experts who will have to speak for them” [39].



A new era of adaptive reuse has to start with addressing the sustainable adaptive reuse, which has to contribute to innovation economy, environmental sustainability, and social inclusion, in addition to culture and identity. Many steps defined by the European Union in the publication guidelines for sustainable adaptive reuse, such as an analysis of the cases, which were focused on in this research, then designing the vision of the adaptive reuse in addition to breaking it into objectives, identifying stakeholder, changes appearing due to the adaptation, and the long-term plan of conservation and operation to be added [42].



As mentioned previously, a multiple approach of adaptive reuse can be used according to Francesco Leccese et al., 2021, can include air quality, acoustics, and lighting, which will be considered in future research to examine the impact of those additional factors on the adaptive reuse process and the users as well [43]. POE also focused on this research on the behavioral and personal, while multi-perceptional and behavioral factors might be used as physical, contextual, personal, and others according to Marcel Schweiker et. Al, 2020. Yhis can be achieved through multiple case studies in different conditions in terms of context, user behaviors, typologies of the buildings, and use [44] as this field still misses deep scientific comparisons considering the different uniqueness of every historic building due to the cultural diversity to enrich the decisions for the adaptive reuse of historic buildings [45].
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Figure 1. The thermal sensation seven-point scale, after American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE) (ASHRAE 2005). 
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Figure 2. The urban setting of the Cairo Citadel, the context of the chosen case study on the right-hand side while (A) the main entrance; (B) Mohamed Ali Mosque (C). 
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Figure 3. The Western façade, including the main entrance—the Qamariah is in the red square. 
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Figure 4. The cross-section for case study building—the Shokhshikha is in the blue square. 
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Figure 5. The ground floor plan for the case study building on the right-hand side while: (A) working place; (B) the corridor shows offices doors. 
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Figure 6. Analyzing the hourly climatic data file of Helwan using the Weather Tool. 
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Figure 7. Simulated internal air temperature degrees inside three of the main zones of the case study on 17 February and 15 July. 
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Figure 8. Predicted Mean Vote (PMV) (A) for summer and (B) for winter using Cardiff PMV Tool. 
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Figure 9. Cooling/heating loads of the building by the authors. 
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Figure 10. The descriptive analysis of users’ opinions regarding the adaptive reuse questions show that the adaptive reuse approach has a positive effect. 
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Figure 11. Analysis result in relation to literature and questions. 
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Table 1. The analysis of three case studies for historical buildings [30,31,32,33,34,35].
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	Shubra Palace, KSA
	Antoniadis Villa, Egypt
	Basmane Semt Merkezi, Turkey





	Year of construction
	In 1858, the building has been constructed. It consists of a two-storey building. In 1905, Ali Pasha, the former sharif of Mecca, rebuilt the house [30]
	In 1890, according to signed plan for construction by the Greek architect Pericles Lascaris [29].
	early nineteenth century [24]



	The project area
	420 m2
	48 hectares with its gardens, while the villa building is made of a ground floor of 1065 m2, a first floor of 792 m2, a roof of 202 m2, and a basement of 343 m2, with a total floor area of 2400 m2.
	380 m2



	Project Location
	Al-Taief, KSA
	Alexandria, Egypt
	Basmane district, Izmir, Turkey



	Project owner
	A former summer resort for King Abdul Aziz [31]
	Bibliotheca Alexandrina
	private owner



	The original use of the project
	Residential
	The Villa Antoniadis was used as a guest house, such as the kings of Belgium, Greece, and Italy [29].
	The building was designed for a residence merchant class and noble families [35].



	External project picture
	 [image: Sustainability 13 10531 i001]
	 [image: Sustainability 13 10531 i002]
	 [image: Sustainability 13 10531 i003]



	The Plans
	 [image: Sustainability 13 10531 i004]

Ground and first floor levels (office and work) [32]

 [image: Sustainability 13 10531 i005]

Typical design for second and third levels [32]
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The ground floor [34]

 [image: Sustainability 13 10531 i007]

The first floor [34]
	 [image: Sustainability 13 10531 i008]
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The ground floor [35]

The first floor [35]



	Introducing the project and its heritage values
	Shubra Palace is one of the most important historical buildings in Al-Taif City and Saudi Arabia [35]. The Museum building now consists of four floors and four uniform facades with gardens. The openings and the attached open spaces or “Terraces” are decorated with a criss-crossed pattern of strips of wood “latticework”. The floors are covered with marble from Carrara, Italy [30]. A large entrance hall is located in the ground floor with four engraved columns. There are also two halls leading to the palace rooms and a large staircase leading to the second floor that features two suites. Stone is the main material used in walls with cladding, plaster, and sap extracted from sugar cane. The wooden doors and lattice windows demonstrating a high level of mastery in terms of manufacture and detail [33].
	The Antoniadis Palace and its park lies at the southern entrance of Alexandria and is surrounded by some 48 hectares of landscape. The Antoniadis gardens include historic statues and a tropical greenhouse. Archeological remains exist at the site, including a tomb and a cistern [29].
	The building consists of three floors with an internal wooden staircase connects the floors together. The entrance to the ground floor has a staircase from the garden.

It has a large window called a cumba with a Turkish heritage part of the building; the rest of the windows of the building are wooden frame and glass windows. The building has a central heating system by which the building is heated using a red fuel hot water boiler [24].



	Retrofitting year
	1995
	2015
	2000



	The current use of the project
	Muesum.

The exhibition halls represent three major periods of before Islam. These are: The Stone Age to Jahiliya period; Islamic heritage; and the unification of the Kingdom. In addition to many valuable artefacts [32].
	The “Alex-Med” Alexandrian-Mediterranean research center of “Bibliotheca Alexandrina” [29]
	Basmane Semt Merkezi Hotel



	Retrofitting level
	Standard Retrofitting
	Deep retrofitting
	Deep retrofitting



	Retrofitting goals
	Reusing the building as a museum
	Reusing the building as Alexandrian-Mediterranean research center of “Bibliotheca Alexandrina”.
	Reusing the building as a hotel



	Software
	TAS EDSL energy model
	Design Builder software
	Design Builder software



	Energy Retrofitting Strategies
	The retrofitting strategy kept the stone as the main materials of the walls with its high thermal mass. The windows were sealed to protect the palace and to switch the mode of the building to fully air conditioned.
	The project depended on the following steps in order to achieve energy efficiency and thermal comfort; those steps are: (a) adding thermal insulation, (b) exterior openings double glazing, (c) adding shading to the atrium, (d) internal lighting control, (e) using natural ventilation, f) adding photovoltaic panels on the roofs, (g) simulating the project with all the suggested modification to determine the overall energy efficiency achievements [34].
	The Energy Strategy was reducing consumption by 40% of the total annual energy consumption and preserving heritage values by making minor physical changes to the building and not making any visible change in the appearance of the building [24].



	Improving the efficiency of energy systems
	Alwetaishi et. al. [32] confirmed in their investigation that the use of thermal mass helped to provide thermal comfort to the users. The thermal comfort zone is achieved most of the year. The thermal mass helped to keep the external envelops cool in most of the seasons and in most of the orientations in summer, which can help to utilize the advantage of natural ventilation system and to get ride off the air-conditioning system for long time [32].
	The results show a 56% improvement in lighting energy consumption. Cooling energy consumption decreased by 9.1% and heating energy consumption increased by 16.8% due to the decrease of the heat gain produced from artificial lighting. However, the overall energy use intensity is improved by 23.9% [34].
	The analysis shows that a 20% reduction in energy consumption was achieved without violating heritage values, while a 40% reduction in consumption was achieved when destroying heritage values.
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Table 2. Categories and questions of the designed questionnaire, by the authors.
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Section 1






	

	
Personal






	

	
Age Q1



	
Gender Q2









	

	
Thermal comfort



	
ASHRAE






	

	
Clothing Q3



	
Activity Q4



	
Duration Q5



	
Thermal sensation in Summer, Winter and Overall Q6–8









	

	
Section 2






	

	
USE



	
Le Duc, ICOMOS, Venice charter, Riegl, Jokilehto, Fielden






	

	
Suitability of use Q9



	
Context and suitability to use Q15



	
Limitation of the space Q17



	
Usefulness of use Q21



	
Compatibility of use Q 22









	

	
Values



	
Ruskin, ICOMOS, Bioto, Jokilehto, Fielden






	

	
Values and conflicts Q11



	
Atmosphere of the space Q16



	
Values safety Q20









	

	
Material



	
ICOMOS






	

	
Material and function Q12



	
Material and design philosophy Q13



	
Material and thermal comfort Q18









	

	
Adaptation



	
ICOMOS, Burra charter






	

	
Conservative approach of adaptation Q14



	
Response to constraints Q18



	
Integration with structure Q19



	
Impact of the adaption Q23
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Table 3. Environmental and human thermal factors in winter and summer.






Table 3. Environmental and human thermal factors in winter and summer.





	Parameter
	Summer (June)
	Winter (January)





	Air temperature (°C)
	28
	16



	MRT (°C)
	26
	13



	RH (%)
	40
	62



	Air velocity (m/s)
	0.75
	1.6



	Activity level (met)
	1.19 (Seated—sedentary)
	1.19 (Seated—sedentary)



	Clothing rate (Clo)
	1 (Light business suit)
	1.49 (Business suit + thermal)
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Table 4. The required cooling and heating loads for the building per month.






Table 4. The required cooling and heating loads for the building per month.





	
Comfort: Adaptive—Free Running (±1.75)




	
Max Heating: 36,383 W at 10:00 on 29 January




	
Max Cooling: 38,944 W at 15:00 on 13 June






	

	
HEATING

	
COOLING

	
TOTAL




	
MONTH

	
(Wh)

	
(Wh)

	
(Wh)




	
January

	
886,837

	
0

	
886,837




	
February

	
705,582

	
0

	
705,582




	
March

	
374,248

	
0

	
374,248




	
April

	
150,550

	
41,990

	
192,541




	
May

	
0

	
0

	
0




	
June

	
0

	
320,307

	
320,307




	
July

	
0

	
190,146

	
190,146




	
August

	
0

	
22,653

	
22,653




	
September

	
0

	
0

	
0




	
October

	
0

	
0

	
0




	
November

	
157,242

	
0

	
157,242




	
December

	
724,469

	
0

	
724,469




	
TOTAL

	
2,998,930

	
575,096

	
3,574,026




	
PER M²

	
3123

	
599

	
3722











[image: Table] 





Table 5. Crosstab descriptive and correlation data show an association and led to the test’s predictive correlation coefficient.






Table 5. Crosstab descriptive and correlation data show an association and led to the test’s predictive correlation coefficient.





	
S.

	
Questions

	
Opinions

	
Approval Percentages

	
Chi-Square Sig.

	
Symmetric Measures Sig.




	
Totally Agree

	
Agree

	
Neutral

	
Disagree

	
%

	
Pearson Chi-Square

	
Likelihood

	
Linear Association

	
Pearson-R

	
Spearmen Correlation






	
1

	
Is the building prepared to suit the NOUH?

	
2

	
7

	
5

	
0

	
64%

	
0.03

	
0.015

	
0.016

	
0.009

	
0.13




	
2

	
Is the approach of adapting the building for reuse conservative?

	
2

	
6

	
5

	
1

	
57%

	
0.112

	
0.096

	
0.088

	
0.087

	
0.116




	
3

	
Does the adaptation have any conflict with architectural or historic values?

	
2

	
5

	
6

	
1

	
50%

	
0.129

	
0.064

	
0.62

	
0.639

	
0.519




	
4

	
Do you think that the building materials are designed to achieve the desired function?

	
2

	
9

	
2

	
1

	
79%

	
0.687

	
0.643

	
0.661

	
0.679

	
0.755




	
5

	
Do you think that the building materials are designed to achieve the design philosophy?

	
1

	
10

	
1

	
2

	
79%

	
0.295

	
0.265

	
0.918

	
0.923

	
0.675




	
6

	
Do you think that the building materials are designed to achieve thermal comfort?

	
5

	
2

	
7

	
2

	
50%

	
0.73

	
0.741

	
0.468

	
0.491

	
0.507




	
7

	
Does the historic setting of the citadel suit the NOUH function and work requirements?

	
3

	
4

	
4

	
3

	
50%

	
0.99

	
0.99

	
1

	
1

	
1




	
8

	
Do you value working in a historic building?

	
7

	
4

	
3

	
0

	
79%

	
0.382

	
0.26

	
0.183

	
0.194

	
0.203




	
9

	
Given that you work in a historic building, do you think that this leads to limitations in regard to work, transportation, and so on?

	
5

	
5

	
2

	
2

	
71%

	
0.739

	
0.753

	
0.354

	
0.375

	
0.395




	
10

	
Does the building provide an effective response to functional, social, and environmental constraints?

	
1

	
10

	
2

	
1

	
79%

	
0.295

	
0.295

	
0.07

	
0.067

	
0.092




	
11

	
Does the use of the building by the NOUH respect the integrity of the structure and its character?

	
2

	
9

	
2

	
1

	
79%

	
0.687

	
0.643

	
0.661

	
0.679

	
0.755




	
12

	
Are the building’s safety conditions taken into account?

	
11

	
2

	
1

	
0

	
93%

	
0.651

	
0.58

	
0.89

	
0.896

	
0.926




	
13

	
Is the building useful?

	
2

	
9

	
2

	
1

	
79%

	
0.626

	
0.471

	
0.26

	
0.277

	
0.229




	
14

	
Does the building have other compatible uses?

	
0

	
11

	
3

	
0

	
79%

	
0.837

	
0.839

	
0.843

	
0.852

	
0.852




	
15

	
Does the building adaptation have a minimal impact on the cultural significance of the building?

	
1

	
3

	
8

	
2

	
29%

	
0.336

	
0.269

	
0.399

	
0.421

	
0.287
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Table 6. Strong correlation figures are shown in blue; significance figures are highlighted in red.






Table 6. Strong correlation figures are shown in blue; significance figures are highlighted in red.





	
Correlations 1-Tailed




	

	
Is the Building Prepared to Suit the Use as NOUH

	
10. Is the Approach of Adapting the Building to Reuse Conservative

	
Does the Adaptation have any Conflict with Values of Architectural, Historic and so on

	
Do you Think That the Building’s Materials Are Designed to Achieve Function

	
Do you Think That the Building’s Materials Are Designed to Achieve Design Philosophy

	
Do you Think That the Building’s Materials Are Designed to Achieve Thermal Comfort

	
Does the Historic Setting of the Citadel Suit the NOUH Function and Work Requirement

	
Do you Value That Your Work Is at Historic Buildings

	
Being at a Historic Building, Do You Think That You Have Limitation in Work, Transportation, and so on

	
Does the Building Have an Effective Response to Functional, Social, and Environmental Constraints

	
Does the Use of the Building as NOUH Respect the Integrity of the Structure, Its Character

	
Are the Building’s Safety Conditions Taken into Account

	
Is the Use Useful

	
Does the Building Has a Compatible Use

	
Does the Adaptation Have Minimal Impact on the Cultural Significance of the Building






	
Is the building prepared to suit the use as NOUH

	
Pearson Correlation

	
1

	
0.775

	
−0.166

	
0.51

	
0.286

	
−0.056

	
−0.151

	
0.781

	
−0.212

	
−0.101

	
0.51

	
0.386

	
0.266

	
0.351

	
0.5




	
Sig. (1-tailed)

	

	
0.001

	
0.285

	
0.031

	
0.161

	
0.424

	
0.303

	
0.000

	
0.233

	
0.365

	
0.031

	
0.087

	
0.179

	
0.110

	
0.034




	
Is the approach of adapting the building to reuse conservative

	
Pearson Correlation

	
0.775

	
1

	
−0.230

	
0.152

	
0.506

	
0.140

	
0.209

	
0.822

	
−0.539

	
−0.009

	
0.390

	
0.683

	
0.181

	
0.199

	
0.464




	
Sig. (1-tailed)

	
0.001

	

	
0.215

	
0.301

	
0.032

	
0.317

	
0.236

	
0.000

	
0.023

	
0.487

	
0.084

	
0.004

	
0.268

	
0.247

	
0.047




	
Does the adaptation have any conflict with values of architectural, historic, and so on

	
Pearson Correlation

	
−0.166

	
−0.230

	
1

	
−0.218

	
−0.406

	
−0.092

	
−0.083

	
−0.031

	
0.113

	
−0.554

	
0.251

	
−0.106

	
0.159

	
−0.061

	
0.032




	
Sig. (1-tailed)

	
0.285

	
0.215

	

	
0.227

	
0.075

	
0.377

	
0.389

	
0.458

	
0.350

	
0.020

	
0.193

	
0.360

	
0.294

	
0.418

	
0.457




	
Do you think that the building’s materials are designed to achieve function

	
Pearson Correlation

	
0.51

	
0.152

	
−0.218

	
1

	
0.415

	
−0.082

	
−0.366

	
0.190

	
−0.031

	
0.224

	
0.352

	
0.070

	
−0.146

	
0.369

	
0.053




	
Sig. (1-tailed)

	
0.031

	
0.301

	
0.227

	

	
0.070

	
0.391

	
0.099

	
0.258

	
0.458

	
0.220

	
0.109

	
0.406

	
0.309

	
0.097

	
0.428




	
Do you think that the building’s materials are designed to achieve design philosophy

	
Pearson Correlation

	
0.286

	
0.506

	
−0.406

	
0.415

	
1

	
0.514

	
−0.085

	
0.355

	
−0.331

	
0.419

	
−0.069

	
0.283

	
0.014

	
−0.188

	
0.100




	
Sig. (1-tailed)

	
0.161

	
0.032

	
0.075

	
0.070

	

	
0.030

	
0.386

	
0.107

	
0.124

	
0.068

	
0.407

	
0.163

	
0.482

	
0.260

	
0.367




	
Do you think that the building’s materials are designed to achieve thermal comfort

	
Pearson Correlation

	
−0.056

	
0.140

	
−0.092

	
−0.082

	
0.514

	
1

	
0.050

	
0.152

	
−0.189

	
0.258

	
−0.224

	
−0.026

	
−0.153

	
−0.351

	
−0.363




	
Sig. (1-tailed)

	
0.424

	
0.317

	
0.377

	
0.391

	
0.030

	

	
0.432

	
0.302

	
0.258

	
0.186

	
0.220

	
.465

	
0.301

	
0.110

	
0.101




	
Does the historic setting of the citadel suits= the NOUH function and work requirement

	
Pearson Correlation

	
−0.151

	
0.209

	
−0.083

	
−0.366

	
−0.085

	
0.050

	
1

	
−0.085

	
−0.335

	
0.252

	
0.183

	
0.461

	
−0.181

	
0.248

	
−0.132




	
Sig. (1-tailed)

	
0.303

	
0.236

	
0.389

	
0.099

	
0.386

	
0.432

	

	
0.386

	
0.121

	
0.193

	
0.266

	
0.049

	
0.268

	
0.196

	
0.327




	
Do you value that your work is at a historic building

	
Pearson Correlation

	
0.781

	
0.822

	
−0.031

	
0.190

	
0.355

	
0.152

	
−0.085

	
1

	
−0.078

	
−0.019

	
0.553

	
0.632

	
0.464

	
0.406

	
0.598




	
Sig. (1-tailed)

	
0.000

	
0.000

	
0.458

	
0.258

	
0.107

	
0.302

	
0.386

	

	
0.396

	
0.474

	
0.020

	
0.008

	
0.047

	
0.075

	
0.012




	
Being at a historic building, do you think that you have limitation in work, transportation, and so on

	
Pearson Correlation

	
−0.212

	
−0.539

	
0.113

	
−0.031

	
−0.331

	
−0.189

	
−0.335

	
−0.078

	
1

	
0.270

	
0.188

	
−0.171

	
0.597

	
0.311

	
0.325




	
Sig. (1-tailed)

	
0.233

	
0.023

	
0.350

	
0.458

	
0.124

	
0.258

	
0.121

	
0.396

	

	
0.175

	
0.260

	
0.280

	
0.012

	
0.139

	
0.128




	
Does the building has an effective response to functional, social, and environmental constraints

	
Pearson Correlation

	
−0.101

	
−0.009

	
−0.554

	
0.224

	
0.419

	
0.258

	
0.252

	
−0.019

	
0.270

	
1

	
0.224

	
0.386

	
0.040

	
0.351

	
0.088




	
Sig. (1-tailed)

	
0.365

	
0.487

	
0.020

	
0.220

	
0.068

	
0.186

	
0.193

	
0.474

	
0.175

	

	
0.220

	
0.087

	
0.446

	
0.110

	
0.382




	
Does the use of the building as NOUH respect the integrity of the structure, its character

	
Pearson Correlation

	
0.51

	
0.390

	
0.251

	
0.352

	
−0.069

	
−0.224

	
0.183

	
0.553

	
0.188

	
0.224

	
1

	
0.723

	
0.366

	
0.838

	
0.552




	
Sig. (1-tailed)

	
0.031

	
0.084

	
0.193

	
0.109

	
0.407

	
0.220

	
0.266

	
0.020

	
0.260

	
0.220

	

	
0.002

	
0.099

	
0.000

	
0.020




	
Are the building’s safety conditions taken into account

	
Pearson Correlation

	
0.386

	
0.683

	
−0.106

	
0.070

	
0.283

	
−0.026

	
0.461

	
0.632

	
−0.171

	
0.386

	
0.723

	
1

	
0.277

	
0.633

	
0.448




	
Sig. (1-tailed)

	
0.087

	
0.004

	
0.360

	
0.406

	
0.163

	
0.465

	
0.049

	
0.008

	
0.280

	
0.087

	
0.002

	

	
0.169

	
0.008

	
0.054




	
Is the use useful

	
Pearson Correlation

	
0.266

	
0.181

	
0.159

	
−0.146

	
0.014

	
−0.153

	
−0.181

	
0.464

	
0.597

	
0.040

	
0.366

	
0.277

	
1

	
0.251

	
0.752




	
Sig. (1-tailed)

	
0.179

	
0.268

	
0.294

	
0.309

	
0.482

	
0.301

	
0.268

	
0.047

	
0.012

	
0.446

	
0.099

	
0.169

	

	
0.193

	
0.001




	
Does the building has a compatible use

	
Pearson Correlation

	
0.351

	
0.199

	
−0.061

	
0.369

	
−0.188

	
−0.351

	
0.248

	
0.406

	
0.311

	
0.351

	
0.838

	
0.633

	
0.251

	
1

	
0.370




	
Sig. (1-tailed)

	
0.110

	
0.247

	
0.418

	
0.097

	
0.260

	
0.110

	
0.196

	
0.075

	
0.139

	
0.110

	
0.000

	
0.008

	
0.193

	

	
0.096




	
Is the Adaptation has minimal impact on the cultural significance of the building

	
Pearson Correlation

	
0.5

	
0.464

	
0.032

	
0.053

	
0.100

	
−0.363

	
−0.132

	
0.598

	
0.325

	
0.088

	
0.552

	
0.448

	
0.752

	
0.370

	
1




	
Sig. (1-tailed)

	
0.034

	
0.047

	
0.457

	
0.428

	
0.367

	
0.101

	
0.327

	
0.012

	
0.128

	
0.382

	
0.020

	
0.054

	
0.001

	
0.096
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