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Executive Summary 
 

 

PROJECT TITLE:  BUILDING THERMAL EFFICIENCY 

PROJECT ID:   CEEn_CPST_014 

PROJECT SPONSOR: Andrew South 

TEAM NAME:  J&C Engineering 

 

The objective of this project was to conduct thermal performance modeling and 

dynamic energy consumption forecasting on a monolithic concrete dome structure of a 

defined size and shape. The model results were compared with the results of a 

“traditional building envelope” by installing sensors in a test structure and analyzing its 

thermal performance. These results assisted in determining how to accurately model 

thermal efficiency of monolithic concrete domes in order to predict their efficiency and 

sustainability. 

A model was produced using SolidWorks modeling software and Simscale thermal 

analysis software. This model was accurate (within one standard deviation) in 

comparison to the information recorded by the sensors in and around the structure. This 

model is replicable, and the processes contained herein may be used to perform similar 

analysis on complex structures of similar material composition. Because Simscale is 

initially a free software and BYU owns a comprehensive license for Solidworks, there were 

no costs required to create the model or perform the thermal analysis. The only cost 

associated with the project was the cost to purchase the sensors installed in the 

concrete; this amount was not disclosed to us as the purchasing and installation were 

performed by the Solar Decathlon team. 

When constructed for humanitarian efforts, these concrete domes can greatly 

impact the cultures and landscapes of foreign countries. Because they are relatively 

cheap to construct, durable, and thermally efficient, they can provide safe shelters and 

places of gathering for communities at a low cost to the residents. The concrete domes 
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are environmentally sustainable and, while they require carbon emitting materials at the 

time of construction, they last far longer than similar structures of other materials. 

Additionally, their increased thermal efficiency requires less carbon emissions to heat 

and cool the building. This thermal efficiency also makes the structure a more economic 

home for consumers to maintain throughout the years. We recommend that these 

structures continue to be built and that further thermal studies are performed to better 

understand their long-term sustainability. 
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Introduction 
Monolithic concrete domes are a relatively new technology that is becoming more 

popular, especially among homeowners. Dome structures have been built for centuries, 

and many are still around today. Dr. Andrew South and his partners at the Monolithic 

Dome Institute have revolutionized a methodology for building domes that rival anything 

that has been done in the past. The domes are more efficient than traditional wood 

framed homes in several aspects including cost, durability, and lifespan (Hamed 2011). 

In this project specifically analyzed the thermal efficiency of a monolithic concrete dome 

constructed by the solar decathlon team. The dome was made with a PVC coated nylon 

that was blown up and then sprayed with a three-inch layer of reinforced concrete and a 

three-inch layer of polyurethane foam insulation.  

In this project, our goal was to conduct thermal performance modeling and 

dynamic energy consumption forecasting on a monolithic concrete dome structure of a 

defined size and shape. We compared the results of these models with the results of a 

“traditional building envelope” by installing sensors in the test structures that the BYU 

Sustainability Decathlon team built in Fall 2022 and analyzing its thermal performance. 

These results assisted in determining how to accurately model thermal efficiency of 

monolithic concrete domes in order to predict their efficiency and sustainability.  

The biggest limitation to this project was knowledge. We had relatively zero 

knowledge of thermal modeling and heat transfer and so much of our time was spent 

learning all we could about it. This included gathering knowledge about the topic in 

general and looking at potential software and testing it.  Another limitation was our model 

and the software itself. We tried to remain as true to the structure as we could, but the 

thermal modeling software we were using struggled handling such a complex structure. 

We had to find ways to overcome those obstacles.  
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Schedule 

17 November 2022 – Begin research of possible analysis software suited for heat 

transfer thermal study with appropriate construction materials. 

13 January 2023 – Modeling software selected and downloaded. 

14 February 2023 – Concrete dome building completed, thermal sensors to be installed. 

02 March 2023 – Data from thermal sensors collected and organized. 

17 March 2023 – Model completed in Rhino3D. 

20 March 2023 – Thermal efficiency analysis unsuccessfully performed in SimScale 

using model created in Rhino3D due to discontinuities in mesh because of 

incompatibilities between file type and SimScale. 

31 March 2023 – Created a simplified model in Solidworks . 

03 April 2023 – Thermal efficiency analysis successfully performed in SimScale using 

simplified model created in Solidworks. 

05 April 2023 – Poster finished and submitted to be printed. 

 

Design, Analysis & Results 
The first step in creating a thermal analysis of the monolithic dome was to create 

a virtual model using the specifications provided by our sponsor. This information was 

contained in a three-dimensional Revit file that other teams used for this structure. We 

used these specifications to create our three-dimensional models in two different 

modeling software: Rhino 3D and Solidworks.  

First, we began working in Rhino 3D with hopes to output a clean mesh to use in a 

thermal analysis software. We started trying to make our own model using the 

information we had. Relatively quickly, however, we discovered that a Rhino model had 

already been created by another team for a structural analysis of the concrete dome. 

After getting in contact with them, we received a few versions of the Rhino file to use for 

our own analysis.  
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We ran into many problems with these Rhino files. A smooth mesh was not easily 

created from the files we received, and much time was spent trying to unite edges and 

make it all continuous. The thermal analysis software SimScale would not run anything 

without having a clean input mesh. So, our plan was to make a mesh, run it through the 

software, and see if it was valid or not. Unfortunately, even once we obtained a clean 

mesh in Rhino, the thermal analysis software couldn’t interpret the data file into 

something it could work with. We tried exporting various filetypes (.step, .3dh, etc.), but 

to no avail. Fortunately, we had more luck with the other 3D modeling software. 

When starting to work in Solidworks, we spent a substantial amount of time 

learning how the program works and creating a simple geometric layout of the concrete 

domes. Once a two-dimensional model was created, we extruded the element to create 

a three-dimensional model and created a hollow shell with varying thicknesses to 

represent the dimensions of the polyurethan foam and concrete layer as specified by the 

architectural drawings created by the Solar Decathlon team. 

After assigning each layer the appropriate material and their associated thermal 

properties, we downloaded the model as an .sldprt file and imported it to SimScale to run 

the heat transfer analysis. However, our analysis was unsuccessful because the software 

treated the entire body as one solid with a uniform temperature throughout its thickness. 

In order to fix this, we decided to modify the model so it would be composed of three 

distinct solid bodies, with the innermost solid defined as “air” material, accompanied by 

its correct thermal properties. After implementing these changes, we ran the heat transfer 

analysis in SimScale and successfully obtained varying thermal values at different depths 

inside of the dome, as well as at different points in each material (see Figure 1).  
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Figure 1. SimScale Simulation Results 

 

While we were creating our model of the dome, we were able to successfully 

record the temperature information from the embedded sensors in collaboration with the 

other groups analyzing the domes. We collected data for each of the eight sensors for 

the days of February 7, 9, 11, 13, 15, 17, 19, 21, 23, and 25. We also collected data for the 

days of March 14,15, 16, and 17 (see Table 1 & Figure 2).  

 
 

Table 1. Daily Average Temperature, °F  
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Figure 2. Average Temperatures in February 

 

We used the data shown above in our heat transfer analysis to directly compare 

our results with those recorded by the sensors. Table 2 indicates the average temperature 

values of the data we collected from the sensors and used in our thermal study. 

 

Table 2. Overall Average Temperature, °F 

 

Through a series of heat transfer simulations in SimScale, we found that our model 

produced results well within one standard deviation of the recorded data specified in 

Table 2. The outside edge of the concrete dome was measured to be between 47.6 and 

50.7 °F. As expected, the average value we found for the outside edge of the dome in our 

model was 48.6 °F. Similarly, we found that the temperature varied depending on the 
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precise location of interest. Table 3 specifies the location of each sensor used on the 

actual domes and Figure 3 shows the temperature variation by embedded sensor.  

 

Sensor Location 

TC1 Roof, in between concrete and insulation 

TC2 Side, in between concrete and insulation 

TC3 On insulation under the wood floor  

TC4 Roof inside concrete surface 

TC5 Outside of dome – side 

TC6 Outside membrane 

TC7 In the ground – asphalt outside 

TC8 Side, inside concrete surface 

 

Table 3. Embedded Sensor locations 

 

 
 

Figure 3. Average Temperature Variation by Sensor. 

 

As shown above, the temperature decreased further inside the dome, with the 

minimum temperature occurring closest to the ground. This is very similar to the results 

we obtained as shown in Figure 1. We also observed that the polyurethane foam provided 

greater insulation than the 3” concrete layer. Although this is what we expected, the 
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concrete performed surprisingly well as a barrier to the more extreme temperature of the 

air outside of the dome. 

 

Related Issues 

While this project focused on assessing the thermal efficiency of monolithic 

concrete domes for future purposes, these structures have already been proven to have 

a significant impact on a myriad of issues, several of which are described below. 

Cultural & Social Impacts 

Building these domes can drastically impact various cultures and societies by 

changing the landscape of the communities in which they are built. Their unique 

architectural style invites a new feeling and attitude towards built infrastructure as it 

changes the landscape and adds to the cultural diversity of a community; subdivisions 

built in rural areas in Southeast Asia have already demonstrated that monolithic domes 

bring changes to cultural identity. Used mostly for personal dwellings in this instance, the 

monolithic dome became a template for other types of infrastructure such as libraries 

and civic centers. Consequently, there is an increase in access to resources and 

education acquisition that can benefit those involved and allow them to gain the required 

skills to improve their livelihood. Furthermore, monolithic dome construction can be a 

community-based endeavor as it brings people together to build the structures. As a 

result, this can foster a sense of community and shared ownership, which promotes a 

culture of collaboration, interdependency, and social development. Due to monolithic 

domes extreme durability, they can promote a culture of safety and preparedness, 

especially among those most susceptible to natural disasters such as hurricanes, 

earthquakes, and tornadoes. 

Environmental and Sustainability Impacts 

There are several potential environmental and sustainability impacts that 

monolithic domes can have on communities. This project demonstrated that these 
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structures exhibit high thermal efficiency and can maintain ambient air temperature 

without additional heating or cooling sources. This means that they require less energy 

to regulate air temperature, leading to less energy consumption and reduced carbon 

emissions. Although the dome itself is made from materials that required much energy 

consumption during fabrication, their durability and lifespan provide impressive 

sustainability in the long term. Steel, concrete, and foam insulation have a very long 

lifespan, and can all be recycled or reused, making them excellent materials to invest in; 

their durability also means that there is less need for repairs or replacement. Concrete is 

one of the world’s greatest sources of carbon emissions which is terrible for our planet. 

But, because reinforced concrete is so strong, it can last for much longer than traditional 

light frame structures. This means that even though monolithic concrete domes have a 

greater initial carbon footprint than light frame structures, that footprint is offset because 

they can stick around for longer time. Also, because they require less maintenance than 

typical light frame structures, they have less carbon emissions after they are built. Overall, 

monolithic concrete domes can be extremely sustainable because of how durable they 

are, how well they perform, and how well they conserve energy. 

 

Economic Impacts 

In addition, the construction of these monolithic domes also provides significant 

economic benefit. As mentioned previously, their thermal efficiency allows its users to 

minimize their energy consumption and, as a result, lowers utility costs over time. Their 

durability requires less need for repairs, which makes their construction more affordable 

over its long lifespan. Due to the simplicity of their construction, monolithic domes are a 

cost-effective alternative to traditional building methods as they require less material and 

minimal labor. Because of its shape, significantly less concrete needs to be used in 

monolithic concrete domes than in CMU or ICF construction. Because of the minimal 

amount of material that is required in monolithic concrete domes, they are even more 
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cost effective than wood framed homes. It is estimated that the monolithic concrete 

domes are around 50% the cost of a traditional wood framed home of the same size.  

In addition to the amount of material benefitting the cost of a monolithic concrete 

dome, other factors include labor and time. Much of the cost of a wood framed home is 

attributed to labor. The average time to construct a simple wood framed home is around 

seven months. The average time to construct a simple monolithic dome is around two to 

three months. Because they take much less time to build, monolithic concrete domes 

require less labor and, therefore, less money. Consequently, these characteristics make 

monolithic domes more accessible to individuals and communities with limited financial 

resources. In addition, the construction of these domes can create jobs in the local 

community, particularly jobs in construction, manufacturing, and design. As a result, 

these employment opportunities stimulate economic growth and provide communities 

with skills that can be of use in future settings. 

 
Lessons Learned 

Simplification: The geometry and modeling processes are very complex for our 

concrete dome structure. We uncovered many problems with complex geometries, 

especially when transferring files between software. We learned that thermal analysis 

results can still be meaningful even when the structure is simplified. The one-unit 

structure that we ended up modeling was still largely representative of how the entire 

structure behaved. Information was still gained about how heat is transferred between 

materials and how efficient they are. 

Using all your resources: Over the course of this project, we spoke with various 

professors and worked with many different groups to create a successful thermal 

analysis model. Since none of our university courses have instructed us on 3D modeling 

or thermal analysis concepts, we needed to rely on the knowledge and expertise of others. 

Dr. Shepherd helped us learn about modeling software and thermal analysis software. 
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James Niedens gave us his 3D Rhino model that he had made for structural analysis. Sofi 

Velasco Vega measured the temperatures around the dome structure and shared with us 

all the data she recorded. By using the resources that were already available, we were 

able to accomplish much more than we would have without. 

 

Conclusions/Recommendations 
We looked into various software programs for 3D modeling. Of all the modeling 

software we investigated, it is our opinion that SolidWorks is the best platform to model 

a structure if thermal analysis is the end goal. The files exported from SolidWorks were 

the easiest to integrate into the SimScale program. It is also a good program to work with 

to accurately model the geometry of a structure. Layers were easy to create, simulating 

the various materials in a structure. If the reader desires to run future analysis on other 

structures, SolidWorks is the recommended platform. 

An accurate model was obtained using SimScale as the thermal analysis program. 

Using the sensors in and around the dome, we were able to compare our simulation data 

to the actual recorded data. Assumptions were made in the thermal analysis: steady-state 

analysis, inside air not convective, no windows. Despite numerous assumptions, the 

model matched the temperatures that were recorded. With similar assumptions, this 

model is replicable and could be used in future projects to know the strain on the interior 

air conditioning and heating systems. It can also be used to compare against similar 

structures of different material makeup to show efficiency of these insulated concrete 

domes. 
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