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Abstract

:

Adverse impacts of industrial constructions have been central to debates on sustainable development and this issue is partly due to that the building sector is highly demanding in relation to energy efficiency. The future of an industrial building, given to its link with the production process, is also connected to the activity itself. In this sense, the conservation of the original industrial activity of a wine cellar construction requires very specific values of several microclimate parameters. The accurate modelling of these values is a key tool for analysing the performance of this building typology. The main goal of this paper is to present an integrated methodology to assess and optimize the efficiency and indoor microclimate for evaluating the potential of heritage buildings and acknowledge their features for future opportunities. The integrated model proposed is based on different assessments, which are the essential benchmarks of these buildings. This approach could be also proposed to any other heritage category to evaluate, according to several parameters and aspects, the preservation of its original activity. Due to the importance of natural light in this type of construction, the article presents an application able to simulate and analyse this fundamental aspect of an old winery with the use of advanced simulation tools.
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1. Introduction


Historic Heritage buildings are very significant demonstrating the cultural and vernacular identity of cities and, consequently, these buildings should be preserved being an example of traditions of a determined period in history. Nowadays, the present trend of industrial development requires manufacturing construction with a smaller environmental impact and further workers’ comfort. In this way, it is important to note the evaluation of the impact of buildings on the environment in terms of their sustainability [1]. New models for the assessment of the sustainability of industrial buildings have been developed [2,3], including the evaluation of solar radiation focused on the impact from the climate zones [4,5]. The conservation of industrial heritage is frequent in urban regeneration projects, where the improvement of these areas is sought from an aesthetic, touristic, and functional point of view without losing sight of their historical value [6].




2. Literature Review


2.1. Microclimate Control and Lighting Simulation


Several efforts have been made to describe the sustainability concept that was introduced by the Brundtland Commission (Report “Our Common Future”) [7] in 1987 and as a result, different meanings have been used to define what a sustainable architectural design is. In the nineties, the building sector started to recognize that its activity has a great impact on the environment. Since then, a fundamental change has been possible in how buildings are designed, built and operated to mitigate the environmental impact. Solar radiation control might be considered an important factor related to a sustainable intervention on industrial architectural heritage and, as a result, the need to provide a connection with environment promoting energy-saving facilities. In this sense, being able to monitor the different levels of sustainability aspects has become a crucial part of decision support in any architectural project. That way, most efforts have been mainly focused on devising scientific tools aimed at improving energy performance in buildings [8], as well as their lighting conditions [9]. Hence, energy efficiency is an essential focus area in industrial heritage conservation. Some researchers, along with the professional associations of architects, have published numerous manuals and publications with tips on how to drive technical inspections to produce technical evaluation reports.



Solar radiation, daylight, and other environmental conditions provide important data for the right heritage building conservation. In addition, natural light is one of the most relevant features for the natural indoor environment of buildings, including wine cellars [10]. On the other hand, this section examines the current state-of-the-art in possible microclimate control and lighting simulation related to building science research: indoor air quality and lighting are of primary importance in the analysis of indoor environmental quality [11].



It is well known that the microclimate plays an important role in the deterioration of cultural heritage and so, [12] analysed how the choice of different parameters can affect a particular microclimate. Likewise, variations in temperature and relative humidity seriously affect the final deterioration of the construction [13]. Therefore, it is necessary to specify the microclimatic quality level to be able to relate it to the expected quality level, considering the conservation requirements [14].



Due to the strict requirements to represent and simulate reality conditions of wineries, lighting simulation could be a complicated field, and in this way, it might be integrated with the design process and other types of building simulations. For the widespread use of computer lighting simulation in buildings, a comprehensive literature overview has not been extensively studied. So, a detailed description of principles and developments of lighting simulation algorithms is given in [15]. This model can solve most illumination problems with different light sources and provide numeric results in lighting simulations. An earlier approach for input on daylight simulation algorithms and resources was provided by [16], and in [17] a description of the simulation tool models is developed from the point of view of sustainable design in buildings.




2.2. Parameters and Aspects in Microclimate Simulation


The upkeep of historic buildings and their cultural values is linked to the construction and technical standards, and must inevitably envisage the likelihood of adapting to new functional requirements.



Before presenting the methodology proposed, the following questions are of interest: First of all, a wine cellar needs strict microclimate conditions to be preserved. Thus, UNI 10,829 lists acceptable values for illuminance and acceptable values for temperature and relative humidity.



From the resilient point of view, wine cellars adaptation might be an answer to functional obsolescence caused by economic, environmental and societal changes [18]. The reconversion of such heritage into culture-related uses (e.g., cellars, museums, etc.) represents an important asset for starting the positive regeneration processes [19] and their reuse and/or innovation is the correct way to favour its conservation [20].



At present, the ability to measure sustainable development in any process is a concept of extraordinary importance. In fact, there is no consensus on how to analyse this situation and, that way, a model of a set of indicators, parameters, and aspects in different ways has been accepted as a measure of a climatic, economic, or ecological feature that provides an approximation to the desire solution [21,22]. Further authors can also be found that use advanced mathematics for the selection of parameters, as in the estimation of direct solar irradiation on a building [23].




2.3. Decision Support Systems


Likewise, for the evaluation of the sustainability of a building, previous studies propose different analysis methodologies based on the use of simulation tools and integrated methods of evaluation of the sustainability of a system [24,25]. The need to use such integration tools and methods in the analysis of sustainable development has been presented in different documents [26,27].



In this particular case, the parameters and aspects for sustainable development have been used to define a Graphic Factor as a starting point and, then, an integrated decision method that allows us to analyse and control the indoor microclimate of an industrial building.



The main intention of this paper is to analyse the possible effects of daylight and climate factors in an industrial building through the implementation of an integrated decision-making method. Therefore, this work aims to focus on the impacts of the indoor microclimate of a wine cellar dating from the 19th century, validating the performance of its original industrial activity nowadays.



This study will allow for a consolidation of accumulated knowledge related to the present situation of wine cellars in the south of Spain. Indoor microclimate and infrastructure construction of wine cellars will be affected by the physical impacts of climate variability and change, but will also play an essential role in building resilience to those impacts in its original industrial use. Thus, in this new perspective, this research presents a climate model approach that could be significant for climate resilience and indoor microclimate in wineries. Decisions about infrastructure should consider relevant uncertainties to ensure resilience across a range of potential future scenarios.





3. Methodology


In the review literature, there are different methodologies to assess the environmental suitability of cultural heritage. Some of them are focused on the variations of the microclimate during the year. However, the needed of a methodology that necessary includes new parameters, aspects and indices that affect the conservation of this very sensitive heritage construction must be highlighted.



3.1. Sustainable Graphic Factor


In the context of the industrial construction sector and cultural heritage, the improvement and optimisation for the right preservation of the building requires accurate values of several microclimate parameters, such as temperature, humidity, and in particular, day light. In the specific case study, wine cellars, the maximum value of illuminance is an important and relevant parameter that it should be noted. In addition, the variation in temperature and relative humidity can cause a significant variation in the interior microclimate of this specific architecture.



In this sense, the overall concept of an integrated sustainable model has arisen from advances in modelling, simulation, computer networking, and image processing as well as in multimedia representation. Several studies on these environments on an architectural process have been carried out with different objectives to facilitate the increasing complexity in the design domain, architectural CAD dimensions, prototypical systems, managing free architecture, building materialization modelling etc. [28]. Recently, the sustainable integrated environment has emerged as a new framework for achieving sustainable development goals in industrial building designs. Sustainable design is a new concept put it in place to stimulate the quality of constructions by reducing undesirable aspects of buildings and, in this way, making optimal use of a natural environment.



Global Impact of Parameters and Aspects: Graphical Quantification


The methodology presented is based on a choice of different environmental parameters and aspects that may vary depending on each particular project or study, and might configure a visual and representative graphic model of the final sustainable objective [29].



The first step is to choose the right parameters and related aspects that are going to be used to assess the objectives of a process for its sustainable development. Parameters and related aspects are the basis of this methodology since the final objectives and results of the overall process will be conditioned by all these parameters and aspects selected.



The second essential step is to determine the weights of importance of the aspects and parameters. To be able to reflect all elements of the proposed sustainable design method, a parameter-aspect element will be defined as:     w   i , j     A   i , j     and   0 ≤   w   i , j     A   i , j   ≤ 1   where   i = 1,2 , … n   are parameters,   j = 1 , 2 , … m   are aspects of each parameter and     w   i , j    , (1  ≥   w   i , j   ≥ 0  ) are weighting factors which are selected. In this sense, the model to obtain a Graphic Factor is hierarchically structured in two levels: level i-parameters and level j-aspects, Figure 1. After the round of selecting the parameters and aspects, it is necessary to proceed with their quantifications; this is key for comparing different solutions, Figure 2.



The sustainable rating of a precise application can be accomplished via a quality set of aspects, where the unit of measurement is not relevant in this study and, finally, the aim is to provide a desired solution. An equal weight for each aspect in the integrated framework is considered as standard [30], and this method lets us choose another set of weights according to the specific local priorities, which are relevant to the research.



In order to prevent any possible difficulties, this score should not be used alone to rate sustainability due to the fact that there are possible compensations among aspects and moreover, the solution must be chosen from among the best compromises among all different aspects represented.



A graphic chart is also formulated to integrally reflect the impact of the different parameters and aspects studied, that way, Figure 2 shows a graphic chart based on the hierarchical representation of Figure 1, where the configuration of parameter-aspect elements is given in Table 1.



Outdoor climate parameters, such as solar radiation and some other indoor parameters that define the particular microclimate of wine cellars, have been also considered in order to demonstrate that the very construction acts as a controlling element of its own fragile microclimate.



Other protocols and methodologies in the literature highlight the importance of small microclimate variations on a daily or seasonal basis [31]. However, it is necessary for a quantitative methodology to consider the whole set of parameters that could affect wine cellar conservation, verifying its suitability and helping to identify solutions to improve the maintenance of an optimal indoor microclimate [32].



Consequently, this Graphic Factor can be defined as the normalized area of the polygon resulting from the representation of the chosen parameter-aspect elements for a given application [33,34]. The parameters are quantified based on the number of days of the year in which they remain within a pre-established range [35]. These parameters are subject to specifically selected weighting factors.





3.2. Inegrated Model


The integrated model proposed, Figure 3, is composed of two well-differentiated phases [36,37,38]. The first one is called the analysis phase and the second one is the simulation and materialization phase through a decision support system. The Graphic Factor will be the starting point of the integrated model to analyse the day light control and indoor microclimate of a specific industrial building, and can be also usefully applied to any other environment that requires strict microclimate control, particularly in this new scenario of climate change.



This proposed integrated environment can be viewed as a composition of a set of two multi-tool groups: Group 1, Figure 4a and Group 2, Figure 4b.



It is important to notice, the output of the Analysis stage will yield important information to make a decision:




	
The acceptance of the parameters represented in the Graphic Factor (GF).



	
Optimization of the processed parameters.



	
Proposal for changes represented on the graphic chart, to adjust the desirable weights.








The integrated model may also include the following functions:




	
Implementation of a new framework as a basis for integrated decision making.



	
The integrated model may contain some functionality for the development of new tools.



	
Being able to provide facilities for design data storage.



	
A dynamical model proposed that can enable the environment as an organization of different parameters suited to the building requirements, and ready to modify relevant settings to efficiently obtain the final goal.








Each of these multi-tool groups could provide the proposed requirements that the system needs to achieve a creative and sustainable design. The prediction and evaluation of the parameters and the integration of the two groups constitute a loop of actions that ends when a desirable solution is reached.



This model aims to assist the building design process in becoming an integral part of an overall collaborative working framework [39]. The essential features of the suggested model can be summarized as follows:




	
A Graphic Factor assesses specific parameters for a detailed analysis of the building’s solar responsiveness.



	
A set of parameters considered in this study showing the link between sustainability, solar radiation, and indoor microclimate for a conceptual analysis in passive solar building design and applications.



	
The suggested method is developed as a decision-making framework to be like a design team that includes multiple design tools and data.



	
Building modelling is seen represented as a natural step in the evolution or the SIC2T (science, information, communication and computer technology).










4. A Practical Case Study: Wine Cellars


This case study is conducted on the Bodegas de Exportación of Osborne Company (1870), in Puerto de Santa María (Cádiz, Spain), Figure 5 and Figure 6. For this purpose, a novel decision support system has been introduced for handling uncertain climate data [40] using data warehousing technology combined with the suggested Graphic Factor described above regarding climate and solar radiation responsiveness and then, quantifying the impact of solar radiation in a new climate change scenario.



A large number of valuable contributions about sustainable architecture can be found in the scientific literature, and many of them have a common denominator: solar radiation and climate [20].



In general, each typology of a proper wine cellar needs a specific microclimate condition for the correct preservation and certain other particular environmental parameters have to be controlled. These values are primarily:




	
Standard climate values.



	
Indoor climate values.



	
Solar radiation.








In this section, the methodology explained is applied to a practical case and, in this manner, an integrated model should start with a monitoring campaign to obtain data in Bodegas Osborne in Puerto de Santa María (Spain). The monitoring campaign proposed took place during a calendar year according to [27].



Understanding climatic conditions helps to contextualize the analysis performed for such research. El Puerto de Santa María is considered a town with a temperate-warm climate due to its latitude and surroundings. Winters are mild, with an average minimum temperature of no less than 8 °C, and hot summers that are longer and hotter each year (extreme maximum temperatures can occur from May to September). According to the AEMET (State Meteorological Agency), temperatures above 32 °C have rarely been observed in the area. However, since 2015, temperatures above 30 °C have been recorded on different occasions and more frequently.



Figure 7a shows the evolution throughout the day of the average temperature stratification (°C for each meter); considering the entire height of the building (monthly average) large variations are presented throughout the day. The differences during the afternoon hours (from 12:00 p.m. to 7:00 p.m.) are much greater, exceeding 40 °C for several months in the barrel area, and 15 °C considering the full height.



Relative humidity (RH) stratification also shows large variations throughout the day, so the differences during the afternoon hours (from 12:00 p.m. to 7:00 p.m.) are greater, exceeding 15% RH for several months in the barrel area, and 35% RH considering the entire height of the cellar Figure 7b.



The exceptional environmental conditions that develop inside these wine cellars have been thoroughly reviewed in [41] recommending a temperature between 15° and 20 °C. Likewise, in [42], a microclimate is recommended based on a maximum temperature of 25 °C and a minimum of 12 °C, and a constant relative humidity above 50% and as high as possible. Other authors recommend interior temperatures between 18 °C and 22 °C in Bodegas del Puerto de Santa María.



These recommendations have been fundamental for monitoring of wineries and expanding the data taken into account for the applied method.



4.1. Global Impact of Parameters and Aspects: Graphical Quantification


From monitoring data, a selection of a set of parameters for the evaluation was created for the case study. Table 2 illustrates the parameters, aspects, and weights that are considered. In this sense, following the methodology mentioned above, the model is hierarchically structured in two levels: level i–parameter and level j-aspect.



In particular, a graphic chart diagram (Design Profile) is also proposed to better understand the result, and for a desirable solution it will have the same number of rays as the number of aspects under analysis, Figure 8. Thus, considering the circle of area 1, the value of the Graphic Factor (normalized area of the graphic chart) is 0.42. This Graphic Factor will move to values that are considered optimal, which are higher depending on the external and internal conditions considered, and which we will be able to maximize for optimal values throughout the Parameters and Aspects.



Undoubtedly, any intervention of industrial heritage links the past to the future throughout present projects and requires a strategy of design and adaptability that would not be necessary for new buildings.



Day light is a key factor that directly affects the thermal component and comfort; therefore, its consideration is a basic initial step in the architecture, using the appropriate simulation methodology and not just generic data.



An assessment of the structure’s geometry and spatial organization in relation to its orientation is used to demonstrate how interior spaces optimize natural lighting. The methodology of this research uses proper fieldwork in order to obtain first-hand data from the analysed example. Thus, we verify the methodology, tools, model, and framework in a particular architectural context.




4.2. Simulation of Lightning Analysis


In view of the special circumstances surrounding the wine cellar, this method will allow an accurate data estimate for insolation and lighting during a specific period of time, providing in this manner, information on design characteristics that will influence it efficiently and can help with its preservation. Specifically, for the present study, the Radiance tool incorporated in AutoDesk’s ECOTEC is used, according to the standards and the climatic files accepted by default for the parameters analysed.



Once the selected parameters have been accepted and verified, the simulation phase could begin. Specific software has been used as computational tools that allow running a large number of thermal, light, and solar radiation simulations (Graphisoft Archicad, Budapest, Hungary; Autodesk AutoCAD and Autodesk Revit, San Rafael, CA, USA). The exploration of each one of them constitutes a complex task from the point of view of the time required and the concepts necessary to analyse the value of the results and graphics made by the software.



Nowadays, analysis and simulation are key tools in daylighting design [43,44]. In general, analysis provides quantitative information (annually available natural light, solar shading analysis, etc.). In this case study, simulations are used to create a qualitative visual interpretation of what the space may be like in this model, Las Bodegas, and it is illustrated through rendering models of the different significant values and representations of natural light and solar radiation in the interior of the seven naves of the studied building. It cannot be ignored that in many cases, as Las Bodegas (wine cellars), the architectural heritage remains over the centuries. Thus, the application of this analysis tool allows for performance simulations that can significantly improve the design and improve interventions for the restoration of industrial heritage over its lifecycle.



Tools and Data


	
Temperature






The weather data for the temperature in the city of Cádiz can be chosen as the climatic factor in which attention should be focused due to its proximity to Puerto de Santa María. As seen above, the temperature difference between the warm and cold months is not very pronounced. In summer, peaks of 32 °C are reached during the hours when the sun shines perpendicularly. During the winter, temperatures drop below 10 °C in the early hours of the morning, when the maximum time without sunlight has been reached. This small temperature jump is a key factor for the preservation of wine in the wine cellars of this region. Thanks to this particular factor, very good conditions are achieved in the wineries for the aging of the wines, since it is necessary that there is little variation in temperature throughout the year.



The incident light is directly related to the temperatures reached inside the buildings. For this reason, the cellars receive little interior light to achieve less temperature variation and a specific interior microclimate is created.



In Cádiz, as in most Andalusian coastal locations, there is little variation in temperature between the two solstices, which is ideal for obtaining a favourable climate for wine aging.



	
Solar simulation: winter and summer solstices:






Analysis and simulations are important phases in daylighting design [45]. In general, the analysis provides quantitative information (annually available daylight, solar shading analysis, etc.). In this case study, a simulation is used to create a qualitative visual interpretation of what the space in this model, Las Bodegas, could look like. It is illustrated through representations of the different significant values and representations of natural light and solar radiation inside the seven naves of the building studied.



	
Relative Humidity:






Peaks of 80–90% are observed during winter months and minimums of 50% in dry summer periods. The relative humidity increases during the night as is logical and always decreases during the hours when there is sunlight and the temperature increases. In general, el Puerto de Santa María is a humid town, typical of coastal areas. This is due in part to its proximity to the Strait of Gibraltar, due to the large air currents coming from the Mediterranean (East) and the Atlantic (West). As these high humidity conditions exist, this location becomes an ideal place for wine cellars.






5. Results and Discussion


As a result of the study, during the simulation and rendering process, the following figures have been obtained: Figure 9, Bodega La Honda and Figure 10, Bodega los Cuarteles. “Contour Lines” type render has been used for the simulation of natural light and “False Colour” for illuminance levels. These renderings show how the naves have little natural light, which translates into very low luminance levels. The maximum levels of luminance occur in the areas near the small windows and in the columns closest to them due to the reflection of light, reaching levels of 700 Lux. However, in the most central area of the winery and farthest from the windows, minimum luminance levels are found, that is, between approximately 30 and 50 Lux. The area where the barrels are located is on both sides of the columns, so they will receive medium levels of luminance, between 250 and 400 Lux.



Accordingly, there are few variations throughout the year in the level of luminance that these barrels receive, giving the right light and temperature conditions for the aging and conservation of the wines.



The result of the simulation of the percentage of exposure to direct sun radiation at the base of the complex on 21 June, when direct light falls on a surface, is shown in Figure 11a. It is verified that the non-roofed areas have a maximum exposure (100%); in habitable construction areas, the exposure varies from 20 to 77%, depending on the location, and in the naves themselves, the exposure is practically nil.



By contrast, the underlying simulation on 21 December is shown in Figure 11b; illuminance levels (lux) are lower than those obtained in the 21 June analysis. The solar radiation strikes at a much smaller angle, which translates into fewer incident rays and therefore less illumination. For this reason, the central winery (La Palma) maintains higher light levels than the others. Its values are estimated between 15 and 45 lux, and in the areas closest to the windows, we find values close to 105 lux. Consequently, the levels obtained are very low, since the barrels need very little light, and thus, low temperatures, to keep the wine stored inside in optimal conditions.



Once the field measurements are obtained graphically and subsequently analysed, it is verified that the fundamental parameters in the aging area have obtained average monthly values between 10 °C and 25 °C. The temperature is still considered acceptable between 12 °C and 25 °C. Likewise, the values obtained for the relative humidity are between 60% and 90%. Humidity is still considered acceptable between 50% and 90%. The maximum allowed illuminance in the area of the barrels is up to 40–60 lx.



The outcomes of this research provided insight into the different factors that might affect the highly sensitive indoor microclimate in the wine cellar. The right processing of these values and data are of paramount importance for the conservation of these constructions that nowadays, continue their original function over the years. Furthermore, with relation to potential impacts in terms of the design process and preservation, industrial heritage buildings are affected by the impacts of climate change at present and in the future. Their continued preservation requires an understanding of these impacts on their outstanding universal value and responding to them effectively.




6. Conclusions


This paper presents an original methodology to assess the microclimatic quality in industrial constructions linked to their original use. The method proposed begins with a global evaluation of different parameters related to the building itself and continues with a critical review and analysis of the indoor microclimate in a particular wine cellar the “Bodegas de Exportación of Osborne Company” (1870), in Puerto de Santa María (Cádiz, Spain).



The reuse of industrial heritage must enhance its environmental value, making it possible to be resilient and considering that any architectural interventions should be oriented towards its preservation. Thanks to scientific tools and simulation, the environmental potential of these constructions can be understood in detail, rarely quantified, but often intuited.



This work is based on a methodology for the evaluation of parameters and methods which can provide a wide range of possibilities in obtaining and evaluating specific microclimatic conditions. From here on, this methodology should be seen as a starting point to contemplate a set of simulation phases and materialization of the measures to be implemented. This work has a structure fully compatible with the BIM System (Building Information Modelling).



Although this method is closely related to the characteristics of the physical environment, it can also solve natural lighting issues once the intervention is finished. Specifically, this method can be applied to any situation in which its purpose is to increase the preservation of heritage buildings. In the first stage, this is achieved by a set of indicators that can be represented in a Graphic Factor that examines different parameters and aspects, such as natural light, extreme temperature, and relative humidity in a wide range of circumstances.



In the case study, it is found that during hot weather, the wine cellars slightly increase their lighting compared to the winter period, as the light radiation has a more vertical component. Consequently, natural lighting is mainly concentrated in some specific areas of the naves. Therefore, very low luminance levels (Lux) are reached in both scenes, more specifically between 30–50 Lux. In general, this situation is finally very suitable for traditional wine cellar use. The variation between both solstices is minimal, and, consequently, an ideal interior microclimate is generated to improve the aging and quality of the wines that are extremely sensitive to minimal variations. The analysis of the indoor microclimate of a wine cellar allows us to evaluate its quality and to plan different actions that can improve the final situation.



The importance of the interaction of different climatic aspects in every industrial heritage should be highlighted for better conservation, thus allowing resilience and readiness for new uses in different future contexts. Management of resilient industrial heritage buildings requires designing and implementing appropriate adaptation measures, complemented by activities that contribute to disaster risk management, climate change mitigation, and sustainable development. The interdisciplinary principle of a multi-tool cooperation is not only a complex design process scheme but also an educational key in the protection of industrial heritage. It is necessary to fully understand how solar radiation and climate change may affect the microclimate and indoor conditions in old constructions. It is also important to understand the factors of climate variability to manage a basis on which to predict future situations.
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Figure 1. Hierarchical representation model. 
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Figure 2. Graphic chart based on the case from Table 1. 
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Figure 3. Decision Support System. 
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Figure 4. (a) Group 1: Conceptual and simulation phases design related parameters and tools; (b) Group 2: Simulation phase related tools. 
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Figure 5. Bodegas de Exportación of Osborne Company. Puerto de Santa María, Cádiz, Spain. 
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Figure 6. Sectional elevation. Bodegas de Exportación of Osborne Company. Puerto de Santa María, Spain. 
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Figure 7. (a) Monthly average temperature stratification (°C/m); (b) Monthly average relative humidity stratification (%/m). 
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Figure 8. Graphic Chart Diagram. Case Study. 
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Figure 9. Bodega La Honda. Bodegas Exportación Osborne complex. Puerto de Santa María, Spain. (a) Simulation and Rendering of Natural Light. 21 June; (b) Simulation of Illuminance values. 21 June. 
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Figure 10. Bodega Los Cuarteles. Bodegas Exportación Osborne complex. Puerto de Santa María, Spain. (a) Simulation and Rendering of Natural Light. 21 June; (b) Simulation of Illuminance values. 21 June. 
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Figure 11. Bodegas Exportación Osborne complex. Puerto de Santa María, Spain. (a) Simulation and Solar Radiation. 21 June; (b) Simulation and Solar Radiation 21 December. 
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Table 1. Hypothetic parameter-aspect elements case.
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	Parameter
	Parameter–Aspect Elements
	Aspects





	i = 1
	     w   1,1     A   1,1   = 0.5 ;     w   1,2     A   1,2   = 0.5 ;     w   1,3     A   1,3   = 1 ;     w   1,4     A   1,4   = 1   
	j = 1…4



	i = 2
	     w   2,1     A   2,1   = 0.5 ;     w   2,2     A   2,2   = 0.75 ;     w   2,3     A   2,3   = 0.25 ;     w   2,4     A   2,4   = 0.5 ;     w   2,5     A   2,5   = 0.25   
	j = 1…5



	i = 3
	     w   3,1     A   3,1   = 0.75 ;     w   3,2     A   3,2   = 0.5 ;     w   3,3     A   3,3   = 0.75   
	j = 1…3



	i = 4
	     w   4,1     A   4,1   = 0.5 ;     w   4,2     A   4,2   = 1 ;     w   4,3     A   4,3   = 0.25 ;     w   4,4     A   4,4   = 0.75   
	j = 1…4
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Table 2. Parameter-aspect elements Case Study.
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Parameter

	
Parameter–Aspect Elements

	
Aspects






	
Solar Radiation (i = 1)

	
     w   1,1     A   1,1   = 0.50   

	
Shadow Factor (j = 1)




	
     w   1,2     A   1,2   = 0.75   

	
Global Radiation (j = 2)




	
     w   1,3     A   1,3   = 0.50   

	
Diffuse Radiation (j = 3)




	
     w   1,4     A   1,4   = 1.00   

	
Direct Radiation (j = 4)




	
Standard Climate Values (i = 2)

	
     w   2,1     A   2,1   = 0.25   

	
Temperature (j = 1)




	
     w   2,2     A   2,2   = 0.50   

	
Draught (j = 2)




	
     w   2,3     A   2,3   = 0.25   

	
Relative Humidity (j = 3)




	
Indoor Climate Values (i = 3)

	
     w   3,1     A   3,1   = 0.75   

	
Indoor Temperature (j = 1)




	
     w   3,2     A   3,2   = 0.75   

	
Indoor Air Quality (j = 2)




	
     w   3,3     A   3,3   = 0.75   

	
Indoor Air Humidity (j = 3)




	
     w   3,4     A   3,4   = 1.00   

	
Indoor Daylight (j = 4)
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