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Abstract: Over the last decade there has been a proliferation of glamping architecture. This study 

analyses the energy performance of geodesic domes for use in tourist glamping compared to more 

conventional prismatic architectural solutions. The energy analysis of geodesic domes applied to 

this type of singular construction project currently lacks detailed studies that provide conclusions 

about their relevance and suitability with respect to other types of architecture. The main objective 

of this research is to demonstrate the energy benefits of tourist accommodations that use geodesic 

structures compared to those with a simple geometry. A comparative study of a traditional and a 

geodesic geometry accommodation is carried out, considering that they share the same character-

istics and they are built with the same construction solution. An energy simulation of both archi-

tectures is carried out by using DesignBuilder software. The most influential strategies, such as 

Direct Passive Solar Gain, Heating, Natural Ventilation Cooling, Fan-Forced Ventilation Cooling 

and Window Solar Shading are considered. After demonstrating the greater efficiency of geodesic 

domes, this study analyses the relevance of subdividing the accommodations into several geodesic 

dome spaces. The results quantify an energy benefit of 52% for cooling consumption using the 

geodesic dome solution compared to a traditional prismatic solution. 
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1. Introduction 

Glamping, or glamorous camping [1], is a current word that started as a new form of 

accommodation in Africa [2]. It is defined as the global phenomenon that combines the 

experience of camping in the open air with the luxury and conditions of the best hotels. 

It is also worth noting that the relationship between the concepts of pandemic and 

travel has been amply demonstrated throughout history [3]. The latest research shows 

that since COVID-19, the purchase of glamping-type travel plans has reached 45.9%, 

compared to 24.7% [4] for hotel/resort stays. The European trend for the use of this new 

camping style is booming [5], and has a monetary return in Europe of USD 965.7 M 

(Figure 1). For the period 2023–2030, a compound annual growth rate (CAGR) of 10.9% 

[6] is expected. 
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Figure 1. European glamping market in 2022 [6]. Source: Europe Glamping Market Size, Share and 

Growth, 2023. 

The research by Claver-Cortes et al. [7] has significantly related these performance 

levels to environmental proactivity and their implications for policy makers. An in-

creasing number of hotels are engaging in greater environmental stewardship [8]. This 

leads to economic benefits, in terms of resource savings and an image of commitment to 

the environment. Another reason is the new public pressure exerted by many environ-

mentally conscious consumers [9]. In general, middle-aged tourists are more environ-

mentally conscious and are willing to pay more for accommodations that consider re-

newable energy sources [10]. Travelers interested in this type of tourism want quality 

services, different experiences and open spaces in quiet places [11]. As opposed to mass 

tourism, they are looking for an individual or small-group approach in sustainable areas 

that protects and respects nature [12]. This evolution of the tourism market requires new 

permanent accommodation structures, which usually have a significant environmental 

impact [13]. These accommodations tend to have a higher price tag; however, considering 

their increasing occupancy rates, it is noted that their high price does not diminish their 

attractiveness [14]. 

This research focuses on two types of permanent housing based on a clear geomet-

rical distinction (Table 1). On the one hand, prismatic architecture, more closely related to 

industrialised huts with straight geometries, is studied. On the other hand is the geodesic 

dome, on which this study focuses. 

Table 1. Examples of recent prismatic architecture and geodesic domes. Source: Archdaily. 

 

Tenir Eco Hotel [15] 

 

DOM(E) [16] 

Levelstudio NRJA Architects 

Labt 20 Modular home [17]  Geodesic house [18] 

Borrachia + GB Architects Ecoproyecta 

M+J House [19] Sazae Sauna [20] 

Manuel Cerdá Architect Kengo Kuma & Associates 

Ranwu Lake campsite [21]  
Two domes and a plinth: 

House 8 [22] 

Xiao Yin Architecture Design 

Firm 
B+V Architects 

Cambará Container Housing 

[23] 

In progress: Domo Cluster 

[24]  

Saymon Dall Alba + Mégui 

Dal Bó 
Arketiposchile 

The current literature has presented scattered data regarding the reduced use of 

materials, particularly from a structural point of view [25,26]. However, these studies 
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have mostly focused on large-span spaces, like planetariums [27] or public areas [28]. 

Some energy studies may have exhibited a bias towards roof solutions [29] or the ad-

vantages or benefits of the application of a dome structure for tourist education facilities 

[30]. The novelty of this research lies in its quantification of the energy savings of this 

type of architecture when applied to domestic or tourist accommodation spaces. 

1.1. The Relationship between Efficiency and Geometry as a Research Objective 

The main objective of this research is to demonstrate the energy benefits of housing 

with geodesic structures compared to a parallelepiped geometry. This demonstration is 

carried out by comparing three housing units: one with a traditional parallelepiped ge-

ometry and two housing units with geodesic geometry, all executed with the same con-

struction solution, the same surface area and in the same climate. An energy simulation 

of the three designs is carried out for the volume of the parallelepiped geometry, the sin-

gle geodesic dome and the double geodesic dome. The software used is DesignBuilder 

[31] (version v.7.0.1.006, DesignBuilder Software Limited, Stroud, UK). This software al-

lows for the simulation of energy efficiency and thermal comfort in buildings using the 

EnergyPlus v.23.1.0 calculation engine [32]. This software also provides computational 

fluid dynamics (CFD) calculations with which to simulate the average radiant tempera-

ture distribution, the operating temperature and the estimated thermal comfort in dif-

ferent zones within the building. For the computer simulations, the thermal transmit-

tances of the façade and the air infiltration through the window frames, measured in situ, 

are considered. The air infiltration is low, due to the small proportion of the openings in 

the façade and the characteristics of the wooden frames used. 

It will be concluded whether this type of construction solution really provides an 

energy/economic benefit compared to a more traditional geometrical solution. 

1.2. History of the Geodesic Dome 

We can define a geodesic dome as part of a geodesic sphere. A polyhedron generated 

from an icosahedron or a dodecahedron can also be generated from any of the Platonic 

solids [33] . The faces of the regular Platonic solids are regular polygons equal to each 

other. Based on this description and Euler ’s theorem, the cube, tetrahedron, octahedron, 

dodecahedron and icosahedron are Platonic solids, being the only five bodies that fulfil 

the properties described by the theorem and that maintain the constant [34]. 

The Jena planetarium designed by Walther Bauersfeld in 1922 is considered to be the 

first geodesic dome in the world [35] . However, it is Richard Buckminster Fuller who is 

considered the father of geodesic structures[36]. In 1949, Fuller erected a dome capable of 

supporting its own weight without limit [37], and patented it in 1951[38]. This structure 

was supported by the principles of tensegrity structures. It comprised a diameter of 4.2 

m, was constructed of aluminium tubes (Figure 2) and covered with a vinyl coating. Years 

later, the US Army took advantage of the qualities of these structures. After several 

commissions for the army, Fuller built his own house in Carbondale (IL, USA). However, 

at the time, Fuller’s aim was not a concern for the environment but a strategy to reduce 

the cost of housing [39]. Fuller also designed the US pavilion for the World Expo in 

Montreal in 1967, with a structure 76 m in diameter and 62 m high. The dome consisted of 

an interior division of seven levels, with the structure and envelope made of steel and 

polymers[40]. 
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Figure 2. Demonstration of the strength of the dome; Buckminster Fuller and students hang from 

sections of the dome [41]. 

In June 1979, the American Institute of Architects (AIA) awarded Fuller the gold 

medal [42], considering the geodesic dome to be “the strongest, lightest and most effi-

cient means to enclosing space yet know man”. Leonhard Euler, in 1750, expressed in his 

polyhedra theorem the existence of only five regular polyhedra, which maintain the 

constant c = 2 that relates the faces, vertices and edges of these polyhedra [43]. The regu-

larity of the elements that make up the Platonic solids allows for the generation of geo-

desic domes by allowing for the division of their faces while maintaining the relationship 

of the elements that make them up. Depending on how it is generated, there are three 

types of geodesic domes: Class I, Class II and Class III [44]. Most geodesic domes con-

structed are either Class I or II, due to the availability of the methods that generate tes-

sellations with a linear increase in complexity. Class I are the easiest to use, especially 

when near equatorial truncation is desired. In Figure 3 we can see the different models of 

Class I geodesic domes, depending on their frequency from one to six. 

 

Figure 3. Models of Class I geodesic domes depending on their frequency from I to VI. Source: own 

elaboration from www.acidome.ru (accessed on 3 December 2023). 
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1.3. Geodesic Domes’ Geometrical and Energetic Characteristics 

The dome is the geometric shape that encloses the greatest amount of volume with 

the least amount of surface area. This results in important savings (greater than any other 

structure with a different shape) in the building materials used to enclose a usable work 

area. 

A dome, as a spherical shape, has less surface area per unit of internal volume; thus, 

it reduces temperature gains or losses through its enclosure. The forces applied to the 

dome are distributed throughout the structure, generating a stable and solid construction 

[45], although it is true that hemispherical domes considerably increase the final weight 

compared to a 1/3 or 2/3 [46] span. It has a uniform weight distribution on the ground 

plane and a low centre of gravity, resulting in a structure with great seismic resistance. Its 

materiality is mainly based on lightweight materials, such as wood or steel, which are 

connected to each other by means of prefabricated or dry construction processes. This 

type of structure is no longer considered a high-tech construction system, as it is based on 

low-tech construction protocols and schemes [47], allowing for faster construction com-

pared to that of other conventional structures. 

In short, geodesic domes offer a wide range of possible uses due to the qualities de-

scribed above. Geodesic domes have proven to be such a flexible architectural form, they 

have housed everything from radar equipment to radical back-to-landers [35]. They can 

solve both ephemeral needs, such as the construction of domes for one-off events, audi-

toriums, etc., or permanent needs for residential use; they can also be used in agriculture, 

as they concentrate light more efficiently than a conventional greenhouse dome [46,48]. 

The speed of the execution of their structure allows for the transport and construction of 

resistant shelters, even those with military applications. Moreover, no in-depth studies of 

spherical trigonometry or stereographic projections [49] are required for their design or 

construction. This is why, in recent years, their use as accommodation has proliferated so 

much. An example of their efficiency is the study of the Hotel Ecocamp in Patagonia 

(Chile), a pioneer project in the construction of hotel rooms with geodesic domes. Soares 

[42] has estimated that savings of 30% on materials and 50% on heating energy could be 

achieved compared to other conventional examples in the same area. Other examples in 

Europe are the Aurora Dome (Finland), Whitepod (Switzerland) or the geodesic domes 

designed by the Ecoproyecta [50] studio in the towns of Yecla and Jumilla (Murcia) in 

Spain. 

Our research aims to demonstrate and quantify the energy savings with this type of 

structure compared to conventional models. This study supports the energy and eco-

nomic benefits of geodesic projects designed to have a lower environmental impact on 

rural areas, and offers more solutions about how to improve the energy efficiency of 

domes and solar performance [51,52]. 

2. Materials and Method 

Geometrical studies offer us very important variables on which to base this study. 

The most significant are the floor area, the envelope area and the length of the edges. The 

research by Haghnazar et al. [53] has already highlighted differences in edge length and 

other aspects which are differentiated according to frequency. Determining the optimum 

geometry design for geodesic domes presents difficulties, due to the fact that the height 

of the dome keeps on changing during the design process [54]. In order to understand the 

differences, depending on the frequency used, a geodesic dome with a radius of 3 m has 

been studied and is shown in Figure 3. Frequency I allows for a greater height from the 

base (4.34 m) but, on the other hand, a smaller floor area (17.12 m2). For frequencies II, IV 

and VI, the height coincides with the radius of the inscribed circumference (3 m), and the 

surfaces are very close to 27 m2. Frequency III has the lowest free height and would not be 

occupiable (2.49 m), which is very similar to frequency V (2.69 m). 
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Fuller’s first argument for the energy efficiency of domes was the smaller surface 

area per unit volume guaranteed by their spherical geometry [55]. This results in a 

smaller surface area exposed to cold in winter and heat in summer compared to other 

architectures in the same space. Additionally, the continuous air flow inside the dome, 

with no stagnant corners, requires less energy to circulate the air and maintain uniform 

temperatures [56]. 

The dome combines the inherent stability of triangles with the advantageous vol-

ume/surface area ratio of a sphere, which results in less building materials to include 

more space. There is an estimated 30% reduction in materials and 50% reduction in en-

ergy compared to a conventional masonry construction [57] on the same built area, or 

25–30% compared to metal [58]. 

2.1. Case Studies 

Three different case studies located in the same climate zone BSh (cold semi-arid) of 

the Köppen climate classification have been analysed for this research: 

• Case study 1: reference block. It is a simplified model of a traditional construction 

with dimensions of 10 m wide, 7.72 m deep and 3.5 m high, with an occupation 

surface of 77.2 m², 201.3 m² of envelope and 77.2 m² in contact with the ground. It 

consists of a single living area, an access door and glazing corresponding to 10% of 

the surface area of each façade. This parallelepiped shape has been very common in 

modern architecture in recent years. Many examples can be found on the leading 

architecture portals, such as Archdaily [59]. Some projects of this type of prismatic 

volumetry are the Tenir Eco hotel, the Labt 20 modular housing, the M + J house, the 

prototypes of the Lago Ranwu campsite or the Cambará Container House, among 

others (Table 1). The energy efficiency of this type of architecture has been widely 

studied [60], as well as its spatial uses [61], its structural capacity [62] and its reuse 

[63]. 

These architectures seek to minimise the resources employed to create residential 

units that meet energy and comfort standards, but also offer a cost-effective option in the 

architectural market. 

• Case study 2: geodesic dome with a 5m radius and frequency IV, with a surface oc-

cupation of 77.2 m² equal to the reference block (case study 1), 154.11 m² of envelope 

and 77.2 m² in contact with the ground. 

• Case study 3: two smaller geodesic domes (3 m radius with 27.8 m² of surface area 

and another with a 4m radius and 49.4 m² of surface area) with a total surface area of 

77.2 m² (27.8 + 49.4) equal to the reference block (case study 1). In this case study, a 

differentiation of uses is considered; to this end, one dome is designed for night use 

(bedroom) and the other for day use (living room). This distinction means that both 

the electronic devices capable of generating heat for occupancy during the day and 

night hours will be different, making it possible to quantify the differentiable impact 

on energy consumption with respect to other case studies (with a single envelope). 

For the comparison between the different case studies (Figure 4), it was decided to 

disregard the existence of interior partitions, in order to check for the volumetric impli-

cation of the energy analysis. The same orientation was used in all three case studies. 

Every façade was designed with the same proportion of openings in each orientation. 
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Figure 4. Case studies. (a) Case 1: reference block, (b) case 2: geodesic dome and (c) case 3: double 

geodesic dome. Source: own elaboration using DesignBuilder software. 

2.2. Morphological Analysis of the Geodesic Dome 

Several recent studies have calculated the optimal geometry for this type of sin-

gle-layer architecture and its algorithm [54], or have studied its optimisation in the face of 

earthquakes [64]. In the field of structures, this type of architecture has been extensively 

studied [65–68]. However, in the residential field, due to their thermal characteristics, 

domes have a great potential that has yet to be studied. 

In chronological order, the first dwellings to use this type of geometry were the Easy 

Domes by architect Kári Thomsen and engineer Ole Vanggaard in 1992. This was fol-

lowed by the Genesis Project as a temporary home for homeless people in Los Angeles in 

1993, Aso Farms in Japan in 1995, Domo House in Oregon, the hemispherical houses of 

Solaleya and The Inn Place in Brenham in Texas in 2006 [69] and, more recently, the su-

perposition of several domes, such as the Domo Cluster by Arketiposchile [24] in 2012 

and the geodesic dwelling by Ecoproyecta [50] in 2016. 

This work aims to identify whether the use of domes produces energy savings and 

the thermal qualities inherent to their morphology. For this purpose, different analyses 

are carried out by modifying different calculation parameters for the materials used and 

the construction solutions employed. The demand for air conditioning, cooling and 

comfort conditions is included in two models (case studies 2 and 3). This will be com-

pared to the geometry of a parallelepiped house with the same surface area (case study 

1). 

This study is based on a frequency IV 1/2 dome for a single-family house with the 

same surface area as for cases 1 and 2. The progress of this research will make it possible 

to determine the convenience of dividing the surface area into smaller domes, thus, sec-

tioning the uses of the house, as in case 3. In addition, a detailed study is also carried out 

on the behaviour of the materials used, the construction solutions employed and how 

these decisions affect the thermal behaviour of the architectural complex. 

All this is carried out using the energy analysis software DesignBuilder v.7.0.1.006, 

assessing which is the best solution and whether it really represents a sustainable im-

provement compared to traditional construction. 

To do this, it is considered essential to determine the most appropriate length for the 

crosspieces that make up the structure of the dome, as this will condition the existing 

joint metres for this morphological solution and, therefore, the infiltrations. It is im-

portant to add, at this point, that this aspect can be reduced depending on the type of 

frequency used. Frequency IV 1/2 uses a greater number of edges (712) than frequencies 

III 5/12 (225) or III 7/12 (315). Frequency IV 1/2 is chosen as the most unfavourable case. It 

is also considered essential to consider the spatial suitability of the total volume gener-

ated. At frequency IV 1/2 the clear height is 5 m. 
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At the construction level, the geodesic dome is made up of triangular pieces 

pre-assembled in a workshop. These pieces are placed edge by edge on site. The con-

struction process is carried out in situ and dry-jointed (Figure 5). 

 

Figure 5. Wooden joints used in case studies 2 and 3. 

The virtual representation of the dome under study is a fundamental element for 

understanding its application and behaviour. However, in addition to its morphological 

information, it is essential to add specific structural information in order to obtain a more 

exhaustive and operative control both of the manufacture and of the subsequent con-

struction of the geodesic dome. This information is obtained by introducing different 

variables into the Geodesic Dome Calculator web platform [70], obtaining a structural 

BIM model with the complete dimensioning of each of the crosspieces, their layout, cut-

ting angles and vertex junctions, as well as the representation of the flat faces of the dome 

(Figure 6a). It is also necessary to draw in detail the heights of each of the bars with re-

spect to the 0 level (base plane) on which they must be placed (Figure 6b). 

 
(a) (b) 

Figure 6. Virtual representation of the dome: (a) designation of bars, faces and vertices; (b) 3D bar 

placement scheme. Source: own elaboration from www.acidome.ru (accessed on 3 December 2023). 

As mentioned above, the hemisphere used is of frequency IV, so that the base is 

completely parallel to the horizontal plane. An icosahedron is, therefore, used as the base 

platonic solid. Each of the above representations provides specific information for the 

machining and prefabrication of the construction elements, and can be used to automate 

the processes or to carry them out in a more efficient and controlled manner. 

In addition, the data related to the real construction are also integrated into the 

model, considering a basic façade module (Figure 7a) formed by the following: 

• A triangular piece generated by wooden crosspieces. 

• Interior thermal insulation (cellulose). 

• Interior wood panel (Oriented Strand Board-OSB). 

• Exterior wood panel (Oriented Strand Board-OSB). 

• Interior finish (according to project requirements). 

• Exterior finish (mineral-based paint). 

• Joint coating (structural silicone). 
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The enclosure modules can also be replaced by carpentry modules to generate the 

façade openings (Figure 7b). Considering this, it is possible to interact with the enclosure 

by modifying its conditions, materiality and components, by means of the geodesic dome 

modulation. 

 
(a) (b) 

Figure 7. (a) Representation of facade constructive module; (b) representation of carpentry con-

structive module. Source: own elaboration using Autodesk Revit software v.2020.1. 

As a result, a virtual model is obtained with which to document and visualise the 

construction of the dome, to quantify and prefabricate the resulting modules, and also to 

provide morphological and spatial relationships for further comparison to traditional 

geometries. 

When considering a similar geometrical solution, it is essential to bear in mind that 

the usable space in the interior of a dome will be smaller. This is due to the fact that the 

lower ring, 97 cm high and 35 cm deep, is a non-habitable volume to be subtracted from 

the total (Figure 8). Fuller, in his Carbondale dwelling, used this depth as a bookcase. 

 

Figure 8. Global view and section of the virtual model. Source: own elaboration using Autodesk 

Revit software v.2020.1. 

2.3. Energy Analysis of the Geodesic Dome 

In recent years, computational geometry has allowed for a new formulation of the 

geometric bases and numerical procedures used to generate any type of spatial dome 

[71]. Today, digital tools are crucial for the design and manufacture of this type of 

non-rectilinear geometry [72]. This is why, in addition to the energy analysis of the geo-

desic dome, this research considers how construction costs have a direct influence on 

whether a house is considered to be sustainable or not. 

Therefore, the Autodesk software REVIT 2020.1 and the visual programming ap-

plication Revit Dynamo v.2.6.1 are used as the parametric modelling tools for the devel-

opment of this research (Figure 9). 
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Figure 9. Code for frequency IV geodesic dome generation. Source: own elaboration using Dyna-

mo. 

Autodesk REVIT, like its counterparts from other commercial companies, allows for 

the creation, visualisation and documentation of parametric virtual models which are 

very close to the construction reality. By means of the Autodesk REVIT software, the en-

velope studied is modelled “AsBuild”, obtaining material calculation tables that are 

faithful to the construction reality and allow for the costs and construction times to be 

determined with greater precision. 

Different simulation options were considered for carrying out the proposed energy 

analysis (Open Studio, Therm, ECOTECT, Lider-Calener HULC, etc.); after rejecting 

those tools that had certain limitations when analysing complex geometries and/or 

compatibility issues with other modelling software, the Climate Consultant v.6.0 and 

DesignBuilder v.7.0.1.006 applications were finally chosen. 

Climate Consultant provides detailed climate information for specific locations by 

reading EPW [32] (Energy Plus Weather) formats. It allows for an understanding of how 

lighting, ventilation and thermal comfort affect the design. DesignBuilder is a software 

that integrates the EnergyPlus [33] calculation module, and is one of the most advanced 

tools in this field of architectural design. 

EnergyPlus was developed in the United States and is continuously updated; it 

contains climate data files even up to hourly and sub-hourly levels [73]. This energy 

calculation and simulation engine requires graphic interfaces, such as DesignBuilder, 

OpenStudio, Ecotect, etc., for its understanding and use, due to the complexity of the 

data. 

With regard to the air conditioning/cooling demand, the energy requirements nec-

essary to satisfy the comfort conditions (both for air conditioning or cooling) will be ob-

tained. Energy Plus allows for the detailed incorporation of HVAC (heating, ventilation 

and air conditioning) installations to assess energy performance, thermal comfort and 

energy efficiency. The programme considers the summer and winter periods to establish 

calculation priorities. All indoor environmental conditions within the living area were 

studied, according to the climate data collected from Climate Consultant. 

In relation to the comfort conditions, the calculation of the comfort/discomfort hours 

inside the living spaces will be carried out by means of the standardised calculation pa-

rameters of the ASHRAE (American Society of Heating, Refrigerating and 

Air-Conditioning Engineers) Standard 55 [74]. For the thermal balance, the thermal gains 

are shown considering different factors: solar, occupancy, thermal transmittance of the 
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envelope, etc. The value of the renovations/hour required for each space is also obtained, 

as well as the necessary infiltration flow rate due to natural ventilation. 

In short, for this study, first of all, a geometric model is created in DesignBuilder and 

the data obtained are analysed according to certain established parameters (thermal 

bridges, materiality, thermal resistance, meeting solution and carpentry solution); sub-

sequently, a series of comparative analyses are carried out, modifying the different pa-

rameters mentioned above to adapt them to the construction and economic needs that 

may exist for a project with these characteristics. It also studies the different constructive 

casuistry that can damage the energy performance of this type of housing, making a 

comparison to a traditional house with similar characteristics. 

3. Results 

3.1. Climatic Study of the Area 

The geographical location of the project is fundamental for the analysis of the EPW 

metadata associated with the site, as well as the actual orientation and the orientation of 

the project. The location of the case studies is the high plateau area of Murcia (Spain), as it 

is the actual location of two geodesic dome projects executed by the architectural firm 

Ecoproyecta. The area in which they are located corresponds to the climate zone Bsh 

(cold semi-arid) of the Köppen climate classification. For the climatic analysis, the data 

used are those collected by the nearest climatic station in the region of Murcia, very close 

to the work area (Figure 10). 

 
(a) (b) 

Figure 10. Location (a) and orientation (b) of case studies. Source: own elaboration using Autodesk 

Revit software. 

The calculation assumes that the user adjusts to the climate by wearing the appro-

priate clothing, such as a sweatshirt and long trousers in winter and lighter clothing in 

the summer months. Additionally, a metabolic activity level of 1.1 met is assumed, which 

corresponds to sedentary activities. The rest of the values are obtained from “ASHRAE 

Standard 55, current Handbook of Fundamentals Comfort Model” (Figure 11). 
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Figure 11. Editable parameters associated with the ASHRAE Standard 55 comfort model (own 

elaboration using Climate Consultant 6.0 software). 

The range of dry bulb temperatures recorded per month in the region and the an-

nual average range are obtained. The upper part of the grey band represents the winter 

comfort temperature and the lower part represents the summer comfort temperature. 

The green-coloured area represents the maximum and minimum temperatures. Yellow 

represents the average of the recorded high and low temperatures. The global average 

temperature can be read in the open band between the yellow shaded areas. 

The software makes it possible to designate, in a simple way and for any type of 

project, the percentage of annual hours above or below the values recorded as comforta-

ble. It can be seen that the average temperature in the region is around 18 °C, and that the 

annual temperature varies between 3 °C and 35 °C (Figure 12). It is important to add that 

the latest research by Espín et al. [75] warns of increasingly warmer thermal conditions in 

southeastern Spain, with less cold and less comfortable thresholds in winter and an in-

crease in thermal discomfort in summer. 
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Figure 12. Simulation results: temperature range. Source: own elaboration using Climate Con-

sultant 6.0 software. 

Figure 13 represents, in two phases, the diurnal dry and wet bulb thermal variation 

flux per month (blue area and red lines), and the solar radiation per square metre of 

surface area. The maximum dry bulb temperature reaches values of 33.7v°C in August 

and a minimum of 2 °C in January.  

 

Figure 13. Simulation results: monthly average temperatures and radiation. Source: own elabora-

tion using Climate Consultant 6.0 software. 

Figure 14 shows the variation in solar radiation by surface, considering normal, 

horizontal and diffuse radiation. 
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Figure 14. Simulation results: Radiation range. Source: own elaboration using Climate Consultant 

6.0 software. 

Figure 15a–c represent the mean sky coverage by cloud cover, the light intensity 

measured in lux, and the mean monthly wind speed measured in m/s, respectively. 

  
(a) (b) 

 
(c) 

Figure 15. Simulation results: (a) mean sky coverage by cloudiness; (b) light intensity measured in 

lux; (c) mean monthly wind speed measured in m/s. Source: own elaboration using Climate Con-

sultant 6.0 software. 

Figure 16 represents the orientation and altitude of the sun for every 15 min of the 

year. The yellow zone indicates the comfort conditions as long as the dry bulb tempera-

ture is within the thermal comfort zone. The red zone indicates overheating when the dry 

bulb temperature is above the comfort zone. The blue zone represents cold conditions 

when the dry bulb temperature is below the comfort zone. 

At the design level, in practice, it is important to note that openings (windows, 

openings, etc.) should be fully exposed to solar radiation if they are in the blue zone, 

while they should be fully shaded (no exposure to solar radiation) if they are in the red 

zone. The software itself integrates a tool that helps to make a pre-design for the win-
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dows, allowing for the configuration of the most appropriate arrangement of the neces-

sary solar protection in each case. 

  

Figure 16. Simulation results: orientation and altitude of the sun for every 15 min of the year. 

Source: own elaboration using Climate Consultant software. 

Figure 17 represents the psychometric chart, as a confluence of three climatic attrib-

utes that influence the users’ feelings of comfort. These three variables on the graph are 

the dry bulb temperature, wet bulb temperature and relative humidity. Their combina-

tion determines the different zones: above the comfort zone (red), below the comfort zone 

(blue) or within the comfort zone (green). On the other hand, this psychrometric chart 

can also be used to show how to design exterior enclosures that can modify or filter ex-

ternal climatic conditions to create more comfortable interior spaces. 

 

Figure 17. Simulation results: Murcia psychrometric chart. Source: own elaboration using Climate 

Consultant software. 

Considering the site studied, the protection of the windows by shading, vegetation, 

eaves, etc., represents a 15.4% effectiveness in the design. This effectiveness refers to the 

number of hours of comfort gained within the living spaces designed in the interior. On 

the other hand, considering the climatic conditions, only 11.3% of the hours (988 h per 

year) are within the comfort range. The measures or design strategies indicated in the top 

left of the abacus in Figure 17 serve to improve these conditions by increasing the range 

of hours in comfort (Table 2). 
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Table 2. Design strategies from highest to lowest impact on indoor comfort. 

DESIGN STRATEGIES  

37.50% 9 Internal heat gain 3283 hrs 

19.50% 11 Passive solar direct gain high mass 1712 hrs 

18.20% 16 Heating adds humidification (if needed) 1594 hrs 

18% 7 Natural ventilation cooling 1576 hrs 

16.80% 8 Fan-forced ventilation cooling 1470 hrs 

15.40% 2 Sun shading of windows 1345 hrs 

12.80% 10 Passive solar direct gain low mass 1122 hrs 

11.30% 1 Comfort 988 hrs 

8.20% 14 Dehumidification only 722 hrs 

4.70% 4 High thermal mass night flushed 409 hrs 

4.20% 3 High thermal mass 365 hrs 

4.00% 15 Cooling adds dehumidification (if needed) 351 hrs 

2.70% 6 Two-stage evaporative cooling 234 hrs 

2.00% 5 Direct evaporative cooling 175 hrs 

0.00% 12 Wind protection of outdoor spaces 0 hrs 

0.00% 13 Humidification only 0 hrs 

These strategies are evaluated from the highest to lowest impact on indoor comfort. 

Therefore, it is necessary to consider that, in relation to the gains from the domestic use of 

the space itself, the characteristic morphology of the geodesic domes will allow these 

gains to have an even greater impact, by facilitating and improving the movement of in-

ternal air in the space. 

3.2. Study of Thermal Behaviour 

3.2.1. Comparison of Parallelepiped and Geodesic Dome Geometry 

The study of models 1 and 2 is carried out by applying the same environmental 

conditions and the same construction systems for a proper comparison of the resulting 

energy analysis with the Design Builder programme. Regardless of the material config-

uration of the envelope elements, it is essential to take into account the values of thermal 

transmittance (U), and to check that these values correspond to those reflected in the re-

quired thermal transmittance tables established in the CTE DB-HE 1 (Código Técnico de 

la Edificación, Documento Básico HE1 Limitación de la demanda energética) [76]  for the 

climatic zone under study. The U value resulting from this envelope is 0.257 W/m2 K. The 

resulting U-value of the glazed part applying the ISO 15099/NFRC standard is 1.761 

W/m2 K. 

After the simulations are carried out, it can be seen that case study 2 (dome) invests 

9% less in zone heating than case study 1 (reference block), due to the fact that the enve-

lope behaves worse, generating more energy losses per square metre overall. The same is 

true for external ventilation, with case study 2 generating 9% less in losses than case 

study 1. 

In relation to the cooling design, the energy and thermal envelope performance is 

analysed for an unfavourable summer day (July 15th) for both case study 1 (Figure 18) 

and case study 2 (Figure 19). 
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Figure 18. Simulation results for temperatures, internal and solar gains for case study 1. 

The values obtained from both analyses have a dispersion of less than 3%, which 

indicates that the behaviour of both architectures is similar at coping with the cooling of 

the area. The major difference between the two cases lies in the distinction of building 

elements (wall cover). Case study 2, being a dome, has a structure composed of prefab-

ricated modules throughout the envelope, which allows for an advantage against solar 

radiation due to the inclination of the faces. 
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Figure 19. Simulation results for temperatures, internal and solar gains for case study 2 (geodesic 

dome). 

Table 3 presents a comparative analysis of the data associated with case study 1 

(reference block) and case study 2 (dome) for the annual energy simulation. The data are 

represented on a monthly basis in order to identify possible seasonal differences between 

the two analyses (although it is also possible to choose to represent the graphs on an 

annual or daily basis).  

Table 3. Comparison of results. 

   Janu-

ary  

Febru-

ary  

Marc

h  
April  May June July 

Au-

gust  

Sep-

tember  

Octo-

ber  

No-

vember  

Decem-

ber  

TO-

TAL 

GENERAL LIGHTING Case study 1 KWh 167 153.36 170.25 165.7 167 165.7 170.25 167 168.95 167 162.46 173.5 1998.17 

  Case study 2 KWh 169.26 155.43 172.55 167.94 169.26 167.94 172.55 169.26 171.24 169.26 164.65 175.85 2025.19 

OCCUPANCY Case study 1 KWh 81.41 74.75 82.99 80.77 81.41 80.77 82.99 81.41 82.36 81.41 79.19 84.57 974.03 

  Case study 2 KWh 82.5 75.76 84.11 81.86 82.5 81.86 84.11 82.5 83.47 82.5 80.26 85.72 987.15 

SOLAR GAINS EXTERIOR 

WINDOWS 
Case study 1 KWh 33.26 36.98 51.08 54.4 63.89 64.32 67.47 62.64 53.03 45.31 33.82 30.99 597.19 

  Case study 2 KWh 135.27 137.07 164.53 176.25 197.41 198.95 207.68 197.75 167.38 159.32 135.16 129.25 2006.02 

SENSIBLE ZONE HEAT-

ING 
Case study 1 KWh 643.12 492.38 427.08 255.07 89.71 0 0 0 0 59.64 308.74 581.96 2857.70 

  Case study 2 KWh 519.29 384.54 321.11 169.32 44.34 0 0 0 0 30.75 221.18 466.93 2157.46 

SENSIBLE ZONE RE-

FRIGERATING 
Case study 1 KWh 0 0 0 0 0 

−134.5

5 

−296.3

7 

−316.2

1 
−197.05 0 0 0 −944.18 

  Case study 2 KWh 0 0 0 0 0 −192.2 
−376.5

3 

−395.5

9 
−254.52 0 0 0 

−1218.8

4 

RELATIVE HUMIDITY Case study 1 % 40.49 41.29 41.22 44.89 53.44 63.41 67.32 69.45 69.01 58.62 48.35 40.26 53.15 

  Case study 2 % 40.76 41.43 41.18 44.29 51.35 62.05 64.88 66.92 67.27 56.6 48.07 40.51 52.11 

DISCOMFORT HOURS 

SUMMER CLOTHING 
Case study 1 

hour

s 
744 672 744 719 658.33 468.17 596.67 665.5 571 601.83 720 744 7904.50 
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  Case study 2 
hour

s 
744 670.67 727.5 672.17 491 443 553.5 602.67 534.33 473 698.83 744 7354.67 

DISCOMFORT HOURS 

FOR WINTER CLOTHES 
Case study 1 

hour

s 
299.67 246.5 236 146.67 50.67 513.83 744 744 647.83 98.83 171.5 285.67 4185.17 

  Case study 2 
hour

s 
298.83 242 230.17 150.5 205.33 488.83 744 744 643.83 236.5 173 282.83 4439.82 

DISCOMFORT HOURS 

ANY CLOTHING 
Case study 1 

hour

s 
299.67 246.5 236 146.67 14.33 317.67 596.67 665.5 535.33 1.83 171.5 285.67 3517.34 

  Case study 2 
hour

s 
298.83 242 227 127.17 10 240.67 553.5 602.67 475.67 20.67 161.83 282.83 3242.84 

TOTAL LATENT LOAD Case study 1 KWh 52.05 47.79 53.06 51.64 52.05 51.64 53.06 52.05 52.65 52.05 50.63 54.07 622.74 

  Case study 2 KWh 52.75 48.44 53.78 52.34 52.75 52.34 53.78 52.75 53.36 52.75 51.31 54.8 631.15 

The air temperature, radiant temperature and operating temperature are slightly 

higher in case study 2 (dome) and are also more stable, with no significant differences in 

the average annual temperatures. 

It is important to note that, due to its layout and geometry, the dome has a higher 

solar gain index (2006.02 kWh) compared to the reference block (597.19 kWh). Figure 20 

shows the monthly differences between both case studies. Both constructions have the 

same façade treatment and orientation; however, the inclination of the dome modules 

directly affects this analysis. For this reason, the dome has a higher efficiency in colder 

months, but its geometry reduces its efficiency in warmer months as it receives a larger 

area of solar radiation. This variable makes a significant difference between the two ge-

ometries. Depending on the climate where it is located, solar control of the geodesic 

dome openings will be of vital importance for the best efficiency. 

The general illumination, occupancy and latent load indices are maintained with 

very little dispersion between the two case studies. The relative humidity increases 

slightly in case 1 (reference block). The data show that the average annual relative hu-

midity is 53.15% in case 1, while in case 2 it is 52.11% (dome). 

In relation to the number of total hours of discomfort according to the type of 

clothing and month, it should be noted that, according to the conditions established for 

both cases, the result is 3517.34 total hours of discomfort for the reference block and 

3242.84 total hours for case study 2 (dome). It should be noted that the hours of discom-

fort are more pronounced in the summer months, being lower in case study 2. 

 

Figure 20. Simulation results for solar gains, heating and refrigerating, discomfort and latent load. 

Electricity consumption between January and May and October and December is 

higher for the reference block than for the dome, due to heating needs. On the other 

hand, from June to September the cooling needs require a higher electricity consumption 

in the dome. 

Regarding the overall consumption balance, it is possible to state that case 1 (tradi-

tional block) consumes more electricity throughout the year to maintain comfort condi-

tions inside the house. In relation to fuel consumption, the CO2 production graphs follow 
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the same balance for the different seasons, i.e., the higher the fuel demand, the higher the 

CO2 impact. 

Thus, so far, the results of the simulations have been analysed for the two main case 

studies: case 1 (simplified traditional architecture block) and case study 2 (geodesic 

dome). Neither of them has any defined type of uses or internal partitions, in order to 

check the behaviour related to the global building envelope under the same conditions as 

the internal heat gain. 

3.2.2. Comparison of the Single Geodesic Dome and Double Geodesic Dome 

In this section, we will initially compare the geometries of both cases 2 and 3 to bet-

ter understand their influence on energy efficiency. 

Case study 2: The geodesic dome with a radius of 5m contains an area of 77.25 m² 

(Figure 21b). When we divide this surface area into two domes with a radius of 3 m and 4 

m (27.81 m² and 49.44 m², respectively), the surface area of 77.25 m² remains the same. It 

is important to remember that this surface area is the same as the reference block also 

studied (case study 1). 

In a similar way, the envelope area remains unchanged. The 154.11 m² of roof in case 

2 coincides with the sum of 55.48 m² and 98.63 m² of both domes in case 3 (Figure 21a). 

In this way, the ratio of the occupied surface and envelope is maintained with re-

spect to case 2 (single-dome model). However, it must be taken into account that the 

chimney effect in case 2 (single dome) causes more infiltration losses than in case 3 (two 

domes), as it has a lower height[77]. 

 

Figure 21. Results for the surface area, coverage area, and beams of the two geodesic domes (3 m 

and 4 m. diameter, respectively) in case study 3 (a) and the single geodesic dome (5 m. diameter) in 

case study 2 (b). 

There is one aspect of the geometry that does substantially modify the behaviour of 

one solution or the other: the length of the joints. The dome maintains its number of 

edges (480), but varies in the length of its edges and, thus, the length of its joints. The 5 m 
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radius dome has 29% less joint length than the sum of the 3 m and 4 m domes in case 3. In 

linear metres, we are talking about 716 m in case 2 versus 1.001 m (429 + 572) in case 3. 

The division of case 2 versus case 3 allows for the distinction of uses. The simulation 

considers the existence of a differentiation of uses (night use and day use) and aims to 

check whether the division of uses into blocks of smaller volumetric dimensions affects 

the energy performance and, if so, analyses the implications. In addition, the internal heat 

gain changes when there are two spaces with different uses. In this sense, the research by 

Rainer Elsland et al. [78] predicted that an increased ownership of appliances is the key 

driver of increased internal heat gains. 

In case study 3, the reduction in the occupied volume is indeed significant, with a 

total occupied volume of 176.6 m3. In case study 2 (a single geodesic dome), this volume 

is 225 m3, and in the reference block it is 270 m3. With the same occupiable surface as the 

reference block, cases 2 and 3 reduce the interior volume by 83% and 65%. 

After the geometric analysis, a detailed study of the energy performance of the two 

geodesic domes in case study 3 was carried out, and compared the results with those 

obtained for case study 2: 

• Case 3 requires 24% less energy for lighting than case 2: 20,775 Wh/m² versus 27,060 

Wh/m². 

• Case 3 requires 52% less energy consumption for cooling than case 2: 5215 Wh/m² vs. 

10,025 Wh/m². 

• Case 3 requires 36% less energy loss for external ventilation than case 2: 22,086 

Wh/m² compared to 34,293 Wh/m². 

• The energy input for heating remains stable between case study 3 and case study 2. 

• The discomfort hours remain stable between case study 3 and case study 2 for the set 

conditions. 

As it is possible to set different zones of use in case study 3, the calculation param-

eters vary according to the imposed needs. In this case, considering the bedroom use and 

living room use separately for each block, the expenditure on lighting was recalculated, 

as was the expenditure for other sources of electricity consumption, obtaining an annual 

calculation of 60,966 Wh/m² for case study 3 that compared to 70,534 Wh/m² for case 

study 2, which represents an improvement of 14% in efficiency.  

4. Discussion 

The results presented in the previous section allow for a specific discussion of each 

study area, so that the geometric aspects, temperatures, solar gains and comfort hours 

can be analysed. 

4.1. Comparative Analysis of the Geometry, Volume and Thermal Envelope 

At the level of geometrical resolution, an interesting difference can be seen between 

case study 1 (reference block) and case study 2 (dome). Although the occupation surface 

is the same, 21% less envelope is required to cover the same needs. This characteristic has 

a direct impact on the material cost of the building per unit area. The load-bearing ca-

pacity of both structures or the need for auxiliary means is also significant, although this 

is not the aim of this research. 

The volume delimited by reference block 1 is the largest one (270 m3 for a clear 

height of 3.5 m). The use of a geodesic dome of frequency IV 1/2 with a radius of 5m and 

5m height implies a saving of 17% in volume. Frequencies III 5/12 and III 7/12 signifi-

cantly reduce this aspect compared to the frequency type IV 1/2 studied. 

The comparison of the volumes between case 2 and case 3 is significant. Case study 3 

has a total volume of 176.6 m3, while maintaining the same total area for occupation. In 

case study 2, which consists of a single geodesic dome, the volume is 225 m3. Case 3, with 

a dome of 3 m in height and another of 4m in height, 4m represents a 22% savings in 

volume compared to case 2, with a dome of 5 m in height. In other words, the use of ge-
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odesic domes with differentiated uses allows for a savings of 35% in volume for the same 

occupied surface area. It is true that the division into two uses, day and night, restricts the 

design possibilities, by reducing the free 5 m height of a single dome into separated 4 m 

and 3 m domes. However, at the same time, it has a very positive impact on consumption, 

as it means less consumption for heating and cooling. 

4.2. Indoor Temperatures 

Figure 17 shows that the range of dry bulb temperatures that provide comfort is 

between 20 °C and 24 °C, with humidity levels between 20 and 80%. Therefore, the set-

point values in DesignBuilder are set accordingly. The preset values (20 °C indoor tem-

perature for heating with a setpoint temperature of 19 °C, and 24 °C indoor temperature 

for cooling with a setpoint temperature of 27 °C) strongly influence the hours of comfort 

and discomfort.  

The maximum temperature for the extended comfort zone during summer is 29 °C, 

with humidity levels ranging from 20% to 80%. With mass cooling, the temperature can 

reach up to 31 °C, provided that the humidity remains between 5% and 80%. However, it 

should be noted that neither of these premises have been conclusively established. 

4.3. Solar Gains 

The geometry of the geodesic domes analysed maximises their capacity to capture 

solar radiation throughout the day. The solar gains for the month of January for reference 

block 1 (33.26 KWh) are almost five times lower than those for case study 2 (135.27 KWh). 

These solar gains are especially interesting in climates such as the BSh, due to its high 

annual insolation [79]. Therefore, in this type of climate, the geometric characteristics of 

the geodesic domes make it possible to greatly reduce the energy demand in winter. July 

is the month with the greatest gain in case study 1 (67.47 KWh), almost doubling the 

value for January. The gain for the same month in case study 2 (207.68 kWh) is more than 

three times higher. The annual calculation maintains a similar proportion: it is 597.19 

KWh for case 1 compared to 2006.02 KWh for case study 2. This gives the geodesic dome 

a higher solar gain that can be used during the cold months, but also makes it necessary 

to protect the dome during the warm months in order to control its efficiency. 

Case studies 2 and 3 generate a better distribution of sunlight and a higher uni-

formity compared to the reference block. This also has an impact on the lighting, as it is 

possible to make a better use of the natural lighting needs inside the building throughout 

the day over the entire surface area. 

Following the data provided in the simulations, it has been found that, without en-

tailing an increase in material cost execution, dividing the occupied surface area into uses 

(case study 3) allows for greater control of the resources derived from solar radiation and 

external ventilation compared to case 1 and case 2. This makes it possible to reduce en-

ergy consumption and obtain a more energy-efficient project. 

4.4. Energy Efficiency 

For warmer months, the efficiency of case 3 (60,966.47 Wh/m²) compared to case 2 

(70,534.69 Wh/m²) is considerable in terms of cooling, as it is possible to control the solar 

incidence and solar radiation by separate blocks, thus optimising the available resources. 

It has been possible to demonstrate the estimation proposed by Soares [42] for the con-

struction of hotel rooms with geodesic domes. The electricity consumption in case 3 is 

reduced in the annual calculation. The use of a double dome consumes less energy, as it 

has to cool a smaller volume, provided that the air infiltration and insulation are con-

trolled. Considering this, it is not only necessary to consider the U-value of the cladding 

materials, but also the way in which they age. Figure 22 shows the deformation of the 

cellulose. It reduces in volume over time due to the effect of moisture, if there is an ex-

cessive water vapour permeability of the cladding layers. 
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Figure 22. Image of the deformation of the cellulose inside the enclosure. 

The balance between the geometry, volume and use of the space in a dome can im-

prove the efficiency of this type of architecture. Acting on the overall length of the joints, 

the optimal orientation of the windows and the adequate solar protection of its glazing in 

summer would allow for a reduction in heating and cooling consumption, as well as in 

the overall electricity consumption of case study 3 compared to case study 2. 

5. Conclusions 

From the studies carried out in the present research in relation to energy efficiency 

applied to geodesic dome envelopes, it is possible to conclude that:  

• The most influential strategies for improving energy efficiency, such as direct pas-

sive solar gain, heating, natural ventilation cooling, fan-forced ventilation cooling 

and the solar shading of windows, allow for geodesic domes to be one of the most 

efficient geometries. 

• In small spaces such as tourist accommodations, the examples studied allow for a 

greater optimisation of resources than conventional solutions. The research confirms 

that incorporating domes into the architectural design of tourist accommodations 

improves its energy performance. 

• The reduction in occupied volume is indeed significant. With the same occupiable 

surface as the reference block, a single and a double geodesic dome reduce the inte-

rior volume by 83% and 65%, respectively. A more detailed study of the relationship 

between the surface area and different uses would allow for a more precise quanti-

fication of their impact on this type of architecture. 

• It is confirmed that the use of differentiated day and night spaces in geodesic domes 

improves the energy performance by requiring 24% less energy for lighting and 52% 

less energy consumption for cooling, compared to other conventional examples with 

the same surface area. 

• The most unfavourable case of domes was for the highest number of joints (712), 

those of frequency IV. A more detailed study of the infiltrations for dome frequen-

cies IV, III 5/12 and III 7/12 would further improve the energy efficiency of the dome 

with respect to the parallelepiped geometry considered in this research. The choice 

of a small frequency for the design of a geodesic dome allows for less infiltrations. 

An intensive execution control would ensure that these infiltrations would not affect 

the results obtained in the software calculation. 

• In order to correctly model the geometry of a geodesic dome, different software has 

been necessary. Autodesk REVIT needs further development to generate more 

complex analytical volumes. This makes it difficult to read the calculation program’s 

results, and the associated parametric information is lost in the process. The high 

difficulty regarding the interoperability between different modelling and energy 

calculation software makes the analysis process for this type of singular geometry 

more difficult, due to incompatibilities in the export of files between the software. 
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