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Abstract

:

Current concerns focus on the need to reduce energy consumption in construction and over the lifespan of buildings. A major objective is to create affordable housing. However, reducing the energy needs of the present without harming the needs of future generations remains difficult to put into practice, especially at the level of habitats in arid zones. In this research, a housing design assistance process for building designers is proposed, with the aim of converging towards a global optimum for the correlation and integration of vernacular devices and strategies in an optimized way. This will allow the integration of energy performance indicators and user comfort, in order to ultimately optimize, for this case study, the morphogenesis of residential buildings based on the morphological structure of a proposed building in Biskra, Algeria. This last developed process is articulated on various combinations distinguished for the case of the integration of devices and strategies, which allow maximum energy saving while ensuring the comfort of the occupants. As part of this research, this integration constituted a major challenge and made it possible to achieve a reduction in energy ratio of up to 25.11% compared to the standard building and the objectives of the research.
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1. Introduction


Creating comfortable living spaces by accounting for the local climate is at the heart of the architecture/environmental dialogue [1]. However, global energy needs have been growing at about 1.6% per year over the last two decades; even more for developing countries, whose growth is well over 3% [2]. Moreover, the satisfaction of this growth in energy needs is still being met by fossil resources [3]. Indeed, carbon dioxide from the use of fossil fuels accounts for more than half of the anthropogenic greenhouse gas emissions [4]. While these fossil resources are becoming increasingly scarce, proven reserves still leave a margin of about fifty years for oil and gas and more than a hundred years for coal [5]. Behind this observation, the energy issues of the twenty-first century have important environmental, and therefore human, consequences.



The situation in arid zones is unique because its climate is of an extreme character, where the thermal comfort of its inhabitants requires a match between construction, climate, and immediate environment. Contemporary buildings often compete with traditional designs in terms of their high technical requirements in their design and construction to achieve energy performance optimization [6]. Meanwhile, the march of climate change promises to only exacerbate the extreme temperatures in arid zones.



In the residential building sector, professionals will have to reconsider their design processes to reorient them towards more sustainable and reliable development models [7]. They will have to ensure that the impact of this shelter on the environment is minimized. To this extent, the environmental aspect of housing in arid zones has become unavoidable and constitutes a major energy issue, as the building sector holds one of the top energy consumption positions and is thus one of the major contributors to greenhouse gas emissions [8]. While the architecture field has not always been amenable to these techniques, a variety of automated optimization options are now available, including genetic algorithms and evolutionary algorithms. These could contribute to a research space for discovering architecture design alternatives that meet specific criteria [9].



This reflection leads us to ask a key research question: to what extent could the correlation of vernacular strategies and devices in habitat design influence passive ambient comfort in arid zones? To answer this question, a methodology for optimizing these vernacular devices has gained a privileged place in the design process, with the objective of converging towards a global optimum. The present article covers the correlation of strategies and devices into the design of arid zone housing, in order to adapt the vernacular conceptual solutions in their entirety into the current habitat design practice and to measure the consequences of their integration in a simulated building on occupants’ thermal comfort and on that building’s energy consumption. Following this model, today’s habitat could more easily take advantage of vernacular architecture, both in terms of interior comfort and energy savings. Ideally, building designers will see the value of incorporating the concept that sustainability is a synonym of vernacular architecture.



The objectives of this research are those adopted in Paris in 2015 as part of the international strategy to reduce greenhouse gas emissions. In order to mitigate climate change, the Algerian government has planned to reduce its national energy consumption by 16% by 2020 [10,11]. The associated goal in the residential building sectors is to reduce or even eliminate energy consumption from cooling and heating. In Biskra, the city under study, the cooling period lasts an average of seven months (from the beginning of April until the end of October). To achieve this goal, building design is of paramount importance. One of the key issues for designers, morphogenesis (the creation and evolution of forms, development) in the design of habitats, is utilized as a strategy of energy savings in a case study.



The article is structured in six main sections. The first section introduces the topic and states the goals. The trends in sustainability within vernacular architecture are described in the second section. The third section presents the development of the methodology. The case study and the results of a bioclimatic analysis of the city under study are introduced in the fourth section, along with a presentation of the building object of the study. The fourth section also shows how to integrate and optimize the various types of vernacular devices and strategies developed for building design, based on the results of the bioclimatic analysis and taking into account both the energy aspects and occupants’ comfort. The fifth section provides the results of four configurations associated with the design of the standard building and discusses their analysis. The thermal performance of passive techniques, integrated as much as possible upstream of a residential block design in the city of Biskra, Algeria, is evaluated by dynamic simulation using EnergyPlus™ software. The passive technique studied here is morphogenesis (the creation and evolution of forms and their progressive development) in habitat design. A vast number of vernacular strategies and devices can be combined with this technique in our case study, including the optimized layout and dimensioning of buildings in the design of a residential block, corbelling at the design level as protection against summer overheating, incorporating a patio as access to direct sunlight, and galleries around said patio. Finally, the sixth section offers a conclusion that illustrates and synthesizes the results obtained and provides perspectives for future research.




2. Sustainability Trends in Vernacular Architecture


Within an arid southern setting, a building’s envelope has to be permeable to air and closed to the sun, contrary to the northern regions, where the envelope must be impermeable to air and open towards the sun [12]. Many technical and technological advances have contributed to the energy performance of building envelopes in northern regions, helping to make them airtight and open to the sun. Advanced glass panels have been developed to meet this dual objective of thermal and luminous comfort. Transparent insulators are very thermally efficient and allow light inside. Prisms and mirrored shutters are also used, as well as holograms for high-tech brightness control [13,14]. In addition, new technologies (such as home automation, photovoltaic panels, etc.), facades and adjustable awnings have become more complex and require the support of more and more technical devices. These contribute to active building strategies, both in the intelligent management of external inputs and in the conservation and production of energy [15].



At the methodological level, the literature offers many approaches. Most of these focus on improving the energy efficiency of buildings in urban areas. Within this framework, [16,17] focused on the morphological typological analysis of buildings and their impact on energy consumption (often limited to heating consumption). Similarly, [18] identified design criteria that can reduce the energy demand for the heating and cooling of residential buildings. These criteria are based on the adoption of appropriate parameters for building orientation, shape, envelope insulation systems, passive heating and cooling mechanisms, shading and glazing. Consequently, the energy performance of a residential habitat depends on its design and location [19,20]. This conception strongly depends on a building’s immediate environment and its built form—in other words, the position of the sun at different times of the day and time of year and the geometry of a built context [21,22,23].



In arid zones, the integration of these last parameters of solar exposure in the morphogenesis of built habitat has been observed in the practices of vernacular architecture as well as in more recent studies on access to direct sunlight [24]. In general, bright surfaces absorb lower rates of radiation and are less likely to preserve the daytime temperature [25]. However, despite the rise and acknowledgment of this vernacular architecture, the proliferation of contemporary conceptual solutions applied to residential design in arid zones has not led to the development of energy-efficient habitats [26,27]. The main challenge of these so-called vernacular approaches has been to ensure user comfort by providing energy in a passive manner to reduce the negative effects on the natural environment [6,28]. These latest vernacular approaches can be generalized in all cases with similar climatic conditions to reduce energy consumption [28]. Recent studies for sustainable architecture emphasize the richness and relevance of this vernacular architecture, as shown in Figure 1. In addition, these studies reveal that the principles and values to which sustainable architecture has given importance are privileged features of this vernacular architecture.



Vernacular architectural practices can be adopted in building designs to improve energy efficiency in accordance with the local climate [29], which highlights the importance of simulation before project construction [30]. Hence, the development of "design aid" tools is a crucial step, as it allows the impact of designers’ choices on energy performance to be evaluated without imposing a specific concept or technology on the energy efficiency designer [29]. To this extent, the role of design support tools is clearly justified [22,26], and these tools will certainly need to be integrated into the designer’s new design modes [31]. Access to these tools may help to evolve architectural practice to incorporate certain characteristics, including energy use [32], and thereby to synthesize large amounts of information for the designer, as it is during the early design phase that the choices determining the energy and environmental performance of a building are made [33,34]. These choices represent the optimal morphogenesis of a building. This incorporation of design tools will be accomplished through new design technologies.



It is worth noting that the building design tools developed in colder regions, capable of anticipating their expected energy-related issues, are not yet fully adapted to the design of residential buildings in arid zones [26]. Indeed, there may be relatively new or innovative construction techniques for arid zones that are not yet integrated into the tools for design assistance developed in cold regions.




3. Methodology


This present research is centered on the correlated integration of vernacular devices and strategies from the earliest design phase. This approach will allow the creation, evolution, and development of innovative habitat options, integrating energy performance indicators and user comfort based on the morphological structure of a proposed building. The input of multiple building trade professionals (architects, engineers, and consulting firms) will be integrated to ensure optimal energy efficiency. The research methodology is in two phases.



The first phase is to perform a bioclimatic analysis, whose objective is to:

	▪

	
Determine the role that vernacular devices and strategies can play in relation to the research question; and




	▪

	
Propose an original study framework that integrates the criteria and important characteristics identified during this bioclimatic analysis as cofactors (indicators) that will affect the energy performance of future habitat within the area in question. The conclusions that follow this bioclimatic analysis will be considered as a database for the second stage, whose objective is to propose architectural recommendations that aim to make today’s housing design closer to the local economy.









The second phase is to analyze the vernacular devices listed in the first phase, which can be integrated into the building envelope in order to study the relationships between the different complex choices of this type of integration of devices and strategies. Thanks to the exploitation of EnergyPlus, it is much better to take into account the contributions in the balance sheet of the building envelope and to evaluate the impact of this type of integration and valuation of devices/strategies vernacular in the design of this habitat, which allows the designer to validate the conclusions formulated.



A major advantage of this phase is that it directly incorporates the energy balance of different integrations of devices and vernacular strategies into the design of the habitat to assess their impact, allowing designers to validate their conclusions. The software [35] makes it possible to evaluate the impact of these different configurations, allowing the designers to validate their conclusions [36,37,38,39]. These vernacular building integrations play the role of dampers on temperature variations and contribute to stability, in addition to reducing the need for air conditioning and heating.



3.1. Case Study Process Development


The housing design assistance process elaborated in this research links a large number of devices and strategies resulting from a bioclimatic analysis of the city of Biskra, Algeria, and offers designers multiple options at various stages in the design process. Having a multitude of options is part of what has made architecture both an art and a science. This design process allows the integration of the predicted energy components into a habitat’s design, allowing the simultaneous resolution of energy and architectural issues. The evolution of parametric design tools will allow the integration of energy data, making it possible to synthesize large amounts of information as well as to represent the optimal morphogenesis of a habitat.



Figure 2 describes the process in question. It is a loop that allows the designer to make the decision to correlate the integration of devices and strategies, as it indicates the reciprocal relationships between devices and strategies, strategies and strategies, or devices and devices. These relationships make it possible to identify the degree of connection between the variables. In particular, this process allows the behavior of a device or a strategy to be modeled when evaluating a situation of occupant discomfort and/or when assessing the level of energy consumption.



The goal is to achieve thermal comfort conditions by integrating passive solutions, and to do so in the most efficient way possible. When the ambient temperature is found to be lower or higher than what is considered a normal comfort level, the designer is called upon to improve their design by integrating other device(s) to the initially planned device(s) or strategy(s) to obtain more satisfactory thermal conditions (gratification), according to their choice of the most appropriate architectural devices. To characterize the satisfaction of air conditioning and heating needs in our study on thermal comfort, we used a thermal environment variable; the correlation of strategies/devices will be the motive for any integrating action or integration valuation.



The basic principle behind this process is that air conditioning and artificial heating must only be used as a last resort. To realistically apply this principle, the identification of the strategic design phases described in this process allows the designer to not only anticipate energy issues without imposing a specific concept or technology, it also promotes the concept of quality, especially with regard to comfort parameters, and does so from the first design phase. In the same way, the energy stakes are translated into quantifiable objectives in terms of energy consumption, thus conveying an understanding of the design of a building as a whole, in concordance with its environment. The conceptual strategies are then integrated with all the innovative systems and technologies in the techniques and styles of contemporary architectural design, as stated in the description of the second phase of our methodology.





4. The Case Study


Our case study is the city of Biskra, located in southeastern Algeria, at a latitude of 34°48′ North and a longitude of 5°44′ East. It rises to an altitude of 81 m. The average annual minimum external temperature is 16 °C, and the maximum is 31 °C. The choice of the city of Biskra as a case study is because the following characterizations:

	▪

	
It is characterized by very intense solar radiation in summer, reaching a daily average of 5962 Wh/m2 for an outside surface during the hottest month (in this case July). At the summer solstice, 21 June, the maximum solar irradiation is reached between 14:00 and 16:00 with a value of 790 Wh/m2, while at the winter solstice, 21 December, the maximum solar irradiation is reached at 16:00 with a value of 450 Wh/m2 for west-facing walls. For east-facing walls, at the summer solstice (21 June) the solar irradiation varies between 500 Wh/m2 and 790 Wh/m2 from 6:00 to 8:00, while at the winter solstice (21 December) the solar irradiation is 450 Wh/m2 for the whole day; this maximum value is reached between 9:00 and 10:00. For south-facing walls, the solar irradiation at the summer solstice reaches its maximum between 11:00 and 13:00, with a value of 255 Wh/m2, while at the winter solstice the solar irradiation is at its maximum between 10:00 and 14:00, with a value of 750 Wh/m2 [40].




	▪

	
Its excessive energy consumption for the sole purpose of air conditioning to keep occupants of homes and function in comfort during warm periods, knowing that it takes three to four times more energy to cool spaces than to heat them [40].









4.1. Bioclimatic Analysis of the City of Biskra


The bioclimatic analysis conducted by [41] revealed that user comfort not only depends on mechanical devices, but can be achieved with a good architectural design—which takes passive techniques into account—judicious choice of location, optimal orientation, and environmental climatic factors. Therefore, the application of passive strategies to arrive at a desired comfort is suggested, relying on purely architectural processes, and resort, in a reasonable way, to the active means. Also, [41] concluded that these devices are essential to achieve comfort conditions in the building interior and the maintenance of ambient temperatures, especially during the months of July and August, which are the hottest of the year. With these appropriate architectural features that make the most of solar radiation and natural ventilation to reduce energy requirements, maintain ambient temperatures, control humidity, and promote natural lighting, occupant comfort could be improved to achieve a considerable gain in energy by relying on purely architectural devices.



For [42] this comfort of the user is a state of mind that expresses satisfaction with the thermal environment. The maintenance of the internal temperature of the human body at around 37 °C [43] requires a thermal equilibrium with its environment. The results of research published to date, notably those of Gagge et al. and Gagge et al. [44,45] in the United States, and [46] in Denmark allow the selection of parameters that influence comfort—essentially, the speed and hygrometry of the air, the dry temperature, and the average radiant temperature. The work of [46] on the thermal environment led to the implementation of ISO 7730 [47,48]. To this analytical model we can cite other models, such as the model with two nodes of [45] which introduces the parameters ET (new effective temperature), SET (standard effective temperature), and PMV (Predicted Mean Vote). Nevertheless, the generalization of the use of indices of the analytical comfort in certain climates implies a systematic recourse to the air conditioning of the environments and induces exorbitant energy expenses.



An adaptive approach currently has many interests and reflections have been taken to include it in the current standards which are, for the moment, only based on the methods of the analytical approach. The adaptive method is developed in the standard of [49]. The adaptive comfort standard of [49] recommends using this method only for naturally ventilated buildings.




4.2. Selecting the Building to be Analysed


The architectural design of the building under study is inspired by a typology of the most common type of residential buildings in Biskra, Algeria, realized during the 1980s, as shown in Figure 3. This typology differs from the building type addressed in the context of the case study cited in the introductory section, which addresses the issue of passive ambient comfort and the interaction of vernacular strategies and devices in the design of habitat in arid zones. Instead, these residential buildings were built without incorporating basic knowledge related to climatology, resident comfort, or the thermal behavior of building materials. This claim is at least partly justified by the fact that the same type of housing, with the same building materials, has been constructed in the North for many years, and subsequently in many places in the South as well [40].




4.3. Thermal Study of the Building


Figure 4 illustrates the building covered in this study, referred to as the standard building (SB). This SB has a total floor area of 166 m2, four levels, is oriented North–South, and has two dwellings per level.



The composition of the walls, the roof and the thermo-physical properties of these materials are listed in Table 1.



In this standard configuration, the exterior walls are composed of 2 cm of mortar, 12 cm of brick, 6 cm of air space, 8 cm of brick, and 2 cm of mortar. The internal walls have 2 cm of mortar on each brick face of 8 cm. The roof is composed of 16 cm blocks and a reinforced 5 cm thick concrete slab. These components refer to the building materials most commonly used in contemporary buildings in Biskra.



The convective exchange coefficients used for the simulation are annual average values. These quantities were determined using the correlations used by [35] ("detailed convection algorithm"), as shown in the Table 2. The coefficients can be evaluated at each time step through correlations integrating the temperature differences between the considered surfaces and the air [35].




4.4. Energy Behavior Simulation


The calculations made by [35] were certified by the United States (US) Department of Energy (DOE) [50] and by the Pacific Northwest National Laboratory [51], who conducted numerous calibrations and checks on the quality of the results. The building was modelled using SketchUp, designed to characterize its geometry. This geometry was subsequently provided thanks to the OpenStudio computer tool, where the physical parameters characteristic of the thermal zones were defined within the volume constructed. Subsequently, this file was imported into EnergyPlus, where all the parameters relating to the energy simulation of the building were defined. The characteristics of the envelope (e.g., dimensions, materials, and physical characteristics of the opaque and transparent surfaces of the building), of the present systems were then defined. The simulations were performed with the climate files of Biskra’s annual weather (typical meteorological year by Meteonorm—TMY) available for input. The hourly energy performance of the studied building was analyzed and plotted monthly for the entire year. These data took into account the characteristics of the plants and their energy efficiency (summer cooling was simulated using direct expansion factor 3.1 split systems. The annual heating requirements were simulated with housing radiators obtained from a natural gas fired boiler, heat output 15 KW and a 100% efficiency), therefore the outputs represent the energy requirements of the entire “building/plant envelope” system.



The analysis of the energy needs of a building (due to heating and cooling) is the basis for the optimization processes of consumption in the residential building sector [20].



The devices that can be integrated into the standard building design were be modeled and manipulated using SketchUp. With each integration or modification of these parameters, the EnergyPlus™ input file was instantly updated with the new values. The annual thermal behavior of this building was simulated by the multizone model. The building was divided into three zones. The right zone was considered the first zone, encompassing eight housing units, the left zone was considered the second zone, encompassing eight housing units, and the central zone was considered the third zone, encompassing the stairwell and circulation hall.



The same thermal simulation scenario was then applied to model the standard building with four different configurations. Configuration (1) corresponded to the optimized layout and dimensioning of the buildings in a residential block, and configuration (2) corresponded to the installation of corbelling at the roof edge as protection against summer overheating. The third (3) and the fourth (4) configurations corresponded to the integration of a courtyard for access to direct sunlight, and galleries (for air and shade) around that courtyard, respectively. The boundary conditions data [52] used in the energy analysis are summarized in Table 3. A Weather Research and Forecasting (WRF) model [20] was used to determine the temperature given in Table 3 (heating and cooling set-points).





5. Results and Discussion


The objective of this study was to evaluate the impact of the integrated building strategies on cooling and heating needs, and so the monthly and annual cooling and heating loads of the four building configurations and their ratio to the standard building’s monthly and annual energy loads are compared.



5.1. Configuration 1


As described in the realization loop of the conceptual process in Figure 2, configuration 1 corresponds to the case of one of the essential questions for designers: morphogenesis (the creation and evolution of forms, the progressive development) in the design of the habitat of the reference building. The optimized layout and dimensioning, as shown in Figure 5, provide some resistance to the variations in the climate of the study area (as compared to the schematic of the standard residential block in Figure 4). This type of residential block constitutes the main structural character of the urban fabric in arid and semi-arid zones of North Africa, and this optimized format is formed merely by a successive densification of the building according to the layout of its passageways, allowing it to adapt to its external environment. In addition to exchanges with the outside air temperature, the thermal balance is also modified by incoming solar inputs and the heat released by occupants and equipment (which were not considered in our simulation).



The parameters involved in configuration 1 are all of the morphogenesis type, integrating the energy performance and density indicators (study of the forms and the external structure of the envelopes) with the aim of minimizing losses through the envelope and maximizing free contributions.



The standard building (SB) (Figure 4) is less compact than that of configuration 1 (Figure 5); its external facades are larger than those of configuration 1, and so its heat losses per unit of volume are greater. The choice of the shape of the apartments in configuration 1 and their the distribution in the layout both have a direct influence on the distribution of the solar radiation on the vertical walls and the roof and between the housing island itself and the ground. The influence of this radiation is primordial both for the inside and for the outside temperatures, and so the form and organization of homes within a residential block must always consider the solar conditions (which normally are considered before a building is constructed).



Figure 6 compares the monthly air conditioning/heating loads for configuration 1 with those of the standard building. The results of the monthly simulation illustrate that the cooling energy requirements for configuration building 1 during the hot season, from May to October, vary from 26,168.63 to 24,736.69 kWh and the heating requirements during the cold season, from November to April, range from 132.01 to 100.63 million Btu. The total annual charge for air conditioning is 347,058.21 kWh and the total annual heating load is 1524.59 million Btu. For the standard building, the simulation results show that the cooling energy requirements during the hot season, from May to October, vary between 12,379.49 and 11,714.12 kWh, and the heating requirements during the cold season, from November to April, vary between 60.88 and 45.84 million Btu. The standard building’s total annual charge for air conditioning is 166,557.96 kWh and the total annual heating load is 705.34 Million Btu.



Three functions—regulate, protect, and capture—are associated with the energy and thermal functions of the envelope of a residential housing block. Configuration 1 is associated with two strategies: to reduce the radiation losses and to rationalize the distribution of heat in the internal spaces. It provides a sunscreen, that is to say, it prevents some of the solar radiation from entering the interior of the block in summer to avoid overheating. It also blocks convection and radiation exchanges and slows thermal transfers by conduction between the inside and the outside. This helps to maintain an indoor temperature in summer and winter while limiting the energy consumption of more active systems.



It is clear that configuration 1 achieved a reduction of the thermal loads and thus a reduced use of energy compared to those of the standard building (SB) designed with contemporary architectural practices in Biskra. The energy ratio of the configuration 1 residential block was 111.15 kWh/year/m3, while the energy ratio of the standard building was 117.84 kWh/year/m3, thus achieving a reduction in the energy of 5.67% compared to the standard building. While configuration 1 resulted in a reduction in the energy ratio of 5.67%, this is still lower than the target provided by the research, estimated at 16%.



Configuration 1 can still be enriched with a range of strategies and devices designed to be compatible with an arid climate. Their correlation will be assessed to best improve a building’s energy efficiency.




5.2. Configuration 2


The challenge of arid zone building design lies in the control, exploitation, and management of energies. The energy evolution of a building occurs through its envelope. This is an interface between the inside and the outside, capable of protecting itself from extreme weather conditions, regulating ambient temperatures, and integrating appropriate passive strategies. It is through this interface that the building interacts with its environment.



The very intense amounts of solar radiation energy received by a vertical surface can be mitigated by the shading effects caused by the integration of passive devices into building facades. To do this, passive devices are integrated into the West, East, and South facades of the residential island. Known as the "Kbou" in local vernacular, these are an outgrowth of the interior space towards the outside, as shown in Figure 7. This integration will reduce the intense solar radiation during the day at different months of the year. This type of integration, which is geometric in nature, introduces, through the process proposed in Section 3.1’s case study process development, a reflection of the stratification of energy use and solar exposure in building design. Different types of integrations can take form, which is why evaluating the impact of this integration on cooling and heating needs is required in order to optimize a design’s energy performance. An arrangement of these outgrowths is represented in configuration 2.



Figure 8 shows a comparison of the monthly charges of air conditioning/heating for the building corresponding to configuration 2 with those of the standard building. The results of the monthly simulations present the cooling energy requirements of the residential block of configuration 2 during the hot season, from May to October, which vary between 20,952.83 kWh and 19,821.33 kWh, and the heating requirements during the cold season, from November to April, which vary between 124.48 Million Btu and 94.70 Million Btu. The total annual charge for air conditioning is 275,476.92 kWh and the total annual heating load is 1441.49 Million Btu for configuration 2. Meanwhile, the simulation results of the standard building show that the cooling energy requirements during the hot season, from May to October, vary between 12,379.49 kWh and 11,714.12 kWh, and the heating during the cold season, from November to April, vary between 60.88 million Btu and 45.84 Million Btu. The total annual charge for air conditioning is 166,557.96 kWh and the total annual heating load is 705.34 Million Btu.



This last integration allowed intense solar radiation to be decreased during the day for different months of the year. This type of integration, which is geometric in nature, will introduce, through the process proposed in Section 3.1’s case study process development, a reflection on the stratification of energy in the building design from which different integrations can take shape.



The energy ratio of the residential block resulting from configuration 2 was 88.24 kWh/year/m3, whereas the energy ratio of the standard building (SB) was 117.84 kWh/year/m3. This is a reduction in the energy ratio of the residential block of 25.11% compared to that of the standard building (SB), surpassing the objective of the planned research’s reduction of 16%.




5.3. Configuration 3


Other strategies and devices can add to the development of the first configuration, such as a patio, as shown in Figure 9. The patio for this residential block offers access to the sun itself where available, and solar radiation and its distribution in the different interior spaces. This consideration is intended to allow passive gains in heat (sunshine) and light (natural lighting) outside and inside the buildings that make up this block. More than just a void inscribed in a residential block in the manner of a residual space, the interior patio develops a real typology, it is most often pure volumetry and its skeleton as well as its shape develop another scale of the residential block. It is not a void, but a designed architecture. This creativity is itself subject to constraints related to external considerations, such as energy or light concerns, or to form. The incorporation of this patio represents configuration 3.



Opening a part of the block to the sky has the advantage of opening up a space which, without that opening, risks appearing too confined. Indeed, the patio covers a wide range of issues, including passive heating, passive cooling (night ventilation), and access to natural light. It offers the possibility of benefiting from direct sunlight, to illuminate both the open volume and the adjacent spaces. Favoring natural lighting at the expense of artificial lighting also has the advantage of reducing the building’s energy consumption and producing lighting effects different from those provided by a vertical bay.



This configuration impacts both the cooling period and the heating period. The behavior of the integrated patio vis-à-vis the sun can be subdivided into two elements, as it is a morphogenesis of space that controls a certain number of ineluctable phenomena:

	▪

	
The distribution of shaded and sunny areas, which depend on the proportions and orientation of the yard; and




	▪

	
The solar and thermal radiative fields that result.









These phenomena have a direct effect on the prevailing microclimate and therefore on the comfort of the user, since these two phenomena determine the temperatures of the air and of the surrounding areas.



Figure 10 illustrates the energy requirements of the monthly air conditioning/heating loads for the configuration 3 building compared to those of the standard building. The results of the monthly simulation show that the cooling energy requirements of the configuration 3 building during the hot season, from May to October, vary between 26,897.78 kWh and 25,450.30 kWh, and that the heating energy needs during the cold season, from November to April, vary between 131.73 Million Btu and 100.27 Million Btu. The total annual charge for air conditioning is 356,078.02 kWh and the total annual heating load is 1523.31 million Btu for this configuration. Meanwhile, the simulation results of the standard building show that its cooling energy requirements during the hot season, from May to October, vary between 12,379.49 kWh and 11,714.12 kWh, and its heating energy requirements during the cold season, from November to April, vary between 60.88 million Btu and 45.84 million Btu, with its total annual charge for air conditioning being 166,557.96 kWh and its total annual heating load 705.34 million Btu.



The valorization of morphogenesis in the design of residential housing by the integration of a patio, as described in Section 3.1’s case study process development, is in the realization of energy savings; in this simulation, by a reduction in both the cooling and the heating needs.



The energy ratio of the residential block resulting from configuration 3 was 104.40 kWh/year/m3, while the energy ratio of the Standard building (SB) was 117.84 kWh/year m3. Configuration 3 thus achieved an energy ratio of 11.40% compared to the energy use of the standard building (SB), while the research objective is to achieve a ratio of 16%.




5.4. Configuration 4


In arid zones, the architectural design of the patio is expressed not only at the level of the patio itself, but also in its relationship with the adjacent spaces to which it is linked. The presence of intermediate spaces between the patio and the rear rooms is common. These rooms have the advantage of being protected from the direct radiation of the sun, while being allowed free air flow. Galleries, for example, are a kind of covered space, open on one side to the patio. Galleries can become a strong element of architectural composition, as shown in Figure 11, representing the building that corresponds to configuration 4. This intermediate space allows adjacent spaces to enjoy the benefits of the patio while being sheltered from its undesirable effects.



Galleries play a major role in the thermal management of the indoor environment of a habitat. The heat fluxes that are established simultaneously in the outside–inside and/or inside–outside direction and whose balance of these differences is constantly changing (positive or negative) are due to one of the following two scenarios:

	▪

	
If the energy is solar radiant, the degradation by heat dissipation at a low temperature moves through these galleries on the patio side inward to heat the home; or




	▪

	
If energy is a fuel, the energy degradation by loss is opposed from inside the galleries to the outside.









Applying Section 3.1’s case study process development, knowledge of the sunlight conditions in this environment (the patio and the galleries) at different times of the year serves to respond to the question of the influence of this environment on adjacent spaces and is a reflection on the link between energy performance and this integration. Study of the plans and the section of the levels of irradiations makes it possible to demonstrate to what level the environment in question is affecting the potential and the energy performance of this building. This provides a first conceptual configuration of this environment that reflects the ability of the building to exploit solar energy through its envelope. Different configurations can then take shape, inspired from this potential, hence the interest in evaluating the impact of this integration of galleries on a building’s cooling and heating needs, in order to optimize energy performance.



Figure 12 shows the monthly air conditioning/heating loads for the configuration 4 building compared to those of the standard building. The results of the monthly simulations present the cooling energy requirements of the configuration 4 building during the hot season, from May to October, which ranged from 25,283.23 kWh to 23,879.25 kWh, and the heating needs during the cold season, from November to April, that ranged from 130.64 million Btu to 130.64 million Btu. The total annual charge for air conditioning this building was 339,583.77 kWh and the total annual heating load was 1503.32 million Btu. Meanwhile, the simulation results of the standard building show that the cooling energy requirements during the hot season vary between 12,379.49 kWh and 11,714.12 kWh, and that the heating energy requirements during the cold season vary between 60.88 million Btu and 45.84 million Btu. The total annual charge for air conditioning is 166,557.96 kWh and the total annual heating load is 705.34 million Btu for the standard building.



The simulation shows that this integration enhances energy inputs in winter and promotes a control of the solar irradiation in hot weather through its geometric configuration. This configuration achieved a significant reduction of the energy ratio of the residential block, requiring 99.58 kWh/year/m3, whereas the energy ratio of the standard building (SB) was 117.84 kWh/year/m3. The energy ratio for the configuration 4 residential block was 15.49% less than that of the standard building (SB)’s, closely matching the research objective of 16%.




5.5. Synthesis


The synthesis of devices and strategies studied of residential buildings in Biskra, Algeria—namely, the creation and evolution of the shape of the building, the progressive development, the Kbou, the patio and galleries—in the design of the habitat as part of this study shows, on the one hand, their impact in the thermal management of the indoor environment of the habitat and, on the other hand, their vulnerability in the thermal environment of the habitat. In addition, the improvements that consist of modifying the properties of these devices are favorable to thermal comfort and provide a favorable system to reduce the need for air conditioning and heating.



The action to improve the design by the integration of other devices—kbou, corbelling, followed by a patio and then a gallery surrounding the patio device(s), or strategy(s) (morphogenesis) initially planned in the case study—made it possible to achieve energy stakes leading to quantifiable objectives in terms of energy consumption, as shown in Table 4. This makes it possible to characterize the satisfaction of the needs for air conditioning and heating on thermal comfort. The variable thermal environment is used and the strategies/devices of correlation will be the motive for any action of integration or valorization of the integration.





6. Conclusions


The design of buildings in arid zones is influenced by the use of techniques and specifications of developed countries, both in energy and mechanics. This results in inconsistencies in the sector that weigh on natural resources and the well-being of users. This state of affairs offers enormous potential for ecological approaches in general and bioclimatic ones in particular. In view of a more realistic forecast of the thermal performance of vernacular devices, a comprehensive housing design assistance methodology for building designers has been proposed. Moreover, in order to converge towards a global optimum, the process relating to the case of integration of strategies and devices in the design of the habitat has been developed in the framework of this research, as a strategy of energy saving. This allows the designer to represent, measure, and verify a solution, allowing them to integrate the energy component and the comfort of the user in the design of the habitat in arid zones.



The energy simulation of the building gradually integrates into the design processes in general, particularly in passive buildings. They constitute a relevant means in terms of cost and time of implementation. As part of this research, EnergyPlus has been used as a simulation tool for the integration of vernacular features and strategies into building design and also as a tool for design assistance.



The devices and strategies study in this research, derived from the bioclimatic analysis of the city of Biskra, Algeria—kbou, corbelling, followed by a patio and then a gallery surrounding the patio device(s), or strategy(s) (morphogenesis) that were initially planned—were integrated into the design of a standard building from the design phase. The EnergyPlus simulation tool was used to analyze the integration combinations of devices and strategies, which maximized energy savings while ensuring occupant comfort. This implementation of this conceptual process in building design has made it possible to achieve a reduction of 25.11% in the energy ratio of a residential block compared to that of the Standard building (SB) of the city of Biskra, Algeria, surpassing the planned research objective of 16%.



The goal in the framework of the present research is to provide the scientific community and professionals wishing to exploit this new methodology with data concerning the real viability of the thermal performance of vernacular devices.



However, it is difficult to meet all the requirements of atmosphere and comfort that humans expect. In the end, there is no single solution for the energy problem in the design of a building.



Therefore, other research perspectives may be developed in the future, such as passive ambient comfort and natural lighting in different climates, and proposed tools to help design improved natural lighting in line with passive ambient comfort and energy efficiency.
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Figure 1. An illustration of notions associated with the vernacular building concept. Source: [8]. 
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Figure 2. The realization loop of the conceptual process relating to the thermal comfort. Case correlation of strategies and devices. 
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Figure 3. Residential buildings built in the 1980s. 
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Figure 4. A schematic view of the studied building. 
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Figure 5. A view of the building corresponding to configuration 1. 
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Figure 6. The monthly charges for air conditioning/heating for the configuration 1 building compared to those for the standard building. 
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Figure 7. A view of the building corresponding to configuration 2. 






Figure 7. A view of the building corresponding to configuration 2.



[image: Buildings 09 00087 g007]







[image: Buildings 09 00087 g008 550]





Figure 8. Monthly air conditioning/heating loads required to maintain the thermal comfort for configuration 2 compared to the loads required for the standard building. 
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Figure 9. A view of the building corresponding to configuration 3. 
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Figure 10. Monthly air conditioning/heating loads required to maintain the thermal comfort for the configuration 3 building compared to the loads required for the standard building. 
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Figure 11. A view of the building corresponding to configuration 4. 
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Figure 12. Monthly air conditioning/heating loads required to maintain the thermal comfort for the configuration 4 building compared to the loads required for the standard building. 
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Table 1. Thermophysical Properties of the Building Materials of the Reference Building.
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	Materials
	Thermal Capacity (kJ/kg·K)
	Thermal Conductivity (W/m·K)
	Density (kg/m3)





	Mortar
	0.84
	1.15
	2000



	Hourdis
	0.65
	0.96
	1300



	Reinforced concrete
	0.92
	1.75
	2300



	Coating
	1.00
	0.35
	1500



	Air blade
	1.22
	0.02
	1.204



	Brick
	0.94
	0.65
	1.099
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Table 2. Convective exchange coefficients W/(m2K) for the simulation.
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Low Floor, Element

	
Vertical Wall

	
Glazed Wall

	
Intermediate Floor, Element

	
High Floor, Element






	
Interior 1.0

	
Exterior1.3

	
Interior 1.1

	
Exterior 5.6

	
Interior 1.9

	
Exterior 3.6

	
Celeing 1.0

	
Closet 0.9

	
Interior 1.0

	
Exterior 2.4
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Table 3. EnergyPlus boundary condition data for the case study’s building.
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	Assumptions Retained
	Unit
	Value





	Heating set-point
	°C
	20



	Cooling set-point
	°C
	26



	Sensible heat gain from people
	W·person−1
	70



	Latent heat gain from people
	W·person−1
	45



	Air change rate (volume per hour)
	m3·h−1
	0.5
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Table 4. Annual Cooling/Heating Loads Results and Reduction Rate Compared to the Reference Building, and Research Objective for Buildings Corresponding to Different Configurations.
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Name of Device

	
Image/Photo

	
Representation under Model a,b

	
Air Conditioning

	
Heating

	
% Reduction of the Energy Ratio Compared to the Research Objective (16%)




	
kWh/an

	
KW (Peak)

	
kWh/an

	
kW (Peak)






	
STANDARD building

	
 [image: Buildings 09 00087 i001]

	
 [image: Buildings 09 00087 i002]

	
166 557.96

	
17 120.73

	
705.34

	
161.38

	
Building is energy intensive




	
Configuration 1
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 [image: Buildings 09 00087 i004]

	
347 058.21

	
35 390.01

	
1 524.59

	
320.53

	
5.67




	
Configuration 2
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275 476.92

	
30 035.36

	
1 441.49

	
331.05

	
25.11




	
Configuration 3
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356 078.02

	
36 120.25

	
1 523.31

	
349.23

	
11.40




	
Configuration 4
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339 583.77

	
34 973.88

	
1 503.32

	
343.20

	
15.49
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