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Abstract: Facades are integral to building design and their functionality, serving as the aesthetic outer 

shell and simultaneously acting as a thermal barrier. The Responsive Kinetic Facades revolutionize 

the concept of facades changing the dynamism from a static structure to adaptive system, capable of 

responding to external environmental stimuli of glare, and temperature variation. Many researchers 

in their studies have discussed the versatility of unique materials like ETFE (Ethylene 

tetrafluoroethylene), a polymer, as Responsive Kinetic Facades in reducing the building energy use. 

Widening this very scope Auto Heal, a self-healing polymer, has been explored as the suitable variant 

for the application on the facades of the buildings. The primary objective of this study is to analyse, 

evaluate and validate the performance of these materials in terms of energy efficiency of the building 

and thermal comfort of the occupants. With ETFE and Auto heal, on south façade of a high-rise office 

building is modelled as a base case in Jaipur, India, a location precise to composite climate of hot 

summers and cold winters considering the recommendations as per the ECBC (Energy Conservation 

Building Code) [1] and ASHRAE (American Society of Heating, Refrigerating and Air-Conditioning 

Engineers) codes [2–4]. These materials are assessed based on several performance metrics, including 

fuel consumption (Wh/m2), discomfort hours, Fanger Predicted Percentage of Dissatisfied (PPD), and 

Fanger Predicted Mean Vote (PMV). The evaluation involved simulating the performance of each 

material under identical environmental conditions using advanced modelling software, Design 

Builder. This paper provides a comparative analysis of both the materials, discussing their 

performance as Responsive Kinetic Facades and their potential impact on reducing thermal 

discomfort hours and energy use. Such developments align with emerging new trends of 

using digital twins and energy-efficient building design, contributing to the enhancement of the 

urban built environment. These findings emphasize the importance of choosing the right adaptive 

materials for building skins, reducing thermal discomfort hours and energy consumption. This will 

improve the building's overall energy efficiency, indoor environmental quality and will support the 

efforts towards sustainable and smart urban development [4].   

Keywords: responsive kinetic facades; indoor environment comfort; energy efficiency; building 

performance; energy simulation 

 

1. Introduction 

Often using over 50% of their annual electricity to space cooling and heating [5], high-rise 

commercial buildings are responsible for most of the global energy consumption and carbon 

emissions, due to solar heat gains through the façade [6–8] causing an increase in climate change. 

Traditional static facades are increasingly being replaced by adaptive building envelopes that can 

adapt and respond dynamically to the external environment to enhance the building energy 

performance and to maintain indoor comfort [9–16]. ETFE (Ethylene Tetrafluoroethylene), a 
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lightweight, transparent fluoropolymer, has been used in the construction industry ranging from 

long-span roofs to complete dynamic facade systems. Many studies have shown how this material 

can significantly save energy year-round by modulating insulation and solar heat gain. As the world 

continues to seek innovative and sustainable solutions to address the various challenges, advanced 

polymers, especially auto-healing material, have gained significant interest in the field of 

construction. Such innovative and unique material with enhanced mechanical properties, with 

greater resistance to environmental factors like temperature, light, humidity, and UV radiation, when 

used as Responsive Kinetic Skins, adds a layer of resilience and sustainability, improving the building 

energy performance and urban built environment. In the need of improving the Energy efficiency in 

the design and the construction of the building. 

In India, through codes and standards, the Bureau of Energy Efficiency (BEE) has emphasised 

the importance of high-performance building envelopes by developing the Energy Conservation 

Building Code (ECBC) [1], launched by the Ministry of Power in 2007. ECBC sets minimum energy 

performance standards and guidelines for commercial building components including envelopes, 

HVAC, lighting, and others. Alongside ECBC, international standards like ASHRAE 90.1 [2,4] for 

energy performance and ASHRAE 55 [4]for thermal comfort provide guidelines to ensure buildings 

meet efficiency and comfort criteria. The ECBC encourages the architects, designers and engineers to 

use advanced building performance simulation (BPS) tools such as Design Builder [5] during the 

design process to predict a building’s energy consumption and comfort outcomes under various 

design scenarios, enabling data-driven decisions on materials and facade strategies for sustainable 

and energy efficient development. 

Following these guidelines, a simulation-based study to evaluate these two smart materials as a 

Responsive kinetic facade was conducted. A hypothetical building model (benchmarking a 

prototypical office building) was created in Design Builder, with defined geometry, location, and 

composite climate data [6,7]. First, a baseline case with a conventional static facade having no external 

shading or dynamic elements was simulated to establish reference performance for energy 

consumption and indoor comfort. This base model was calibrated to meet ECBC’s and ASHRAE 

guidelines and basic requirements and serves as the reference point. Next, two responsive facade 

scenarios were implemented on the same model using ETFE and Auto Heal as the adaptive materials. 

In both cases, the facade was assumed to be capable of reacting to external conditions (for example, 

by changing its transparency, thermal resistance, or aperture as needed) to modulate heat gain and 

loss. Integrating the study with the established standards and simulating real-world operational 

conditions, this research paper provides a detailed evaluated analysis of the smart materials as 

responsive kinetic facades for the building energy efficiency and indoor environment quality. By 

aligning the study with established standards, this research provides a rigorous evaluation of smart 

materials in kinetic facades. 

The following sections detail the literature review of ETFE focusing on the strengths and 

limitations as a smart material for kinetic facades, the introduction of Auto Heal, a self-healing 

polymer, into the domain of responsive facades, exploring its potential for thermal performance, the 

methodology of the simulations, the performance metrics used for evaluation, the results of the 

comparative analysis, and the implications of these findings for sustainable facade design for the 

energy efficiency of the buildings and urban built environment. 

2. Literature Review  

2.1. ETFE as an Adaptive Material 

Since the mid-20th century, because of the cost-effectiveness, lightweight nature, and versatility, 

plastics have emerged as one of the most widely utilized materials worldwide. In the construction 

industry, they have remarkably replaced traditional materials such as wood and steel. Since its 

synthesis by DuPont in the 1940s, Ethylene Tetrafluoroethylene (ETFE), a plastic polymer, has gained 

attention as a smart material for sustainable architectural and construction applications [18]. Its 
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innovative characteristics, including high light transmission, thermal insulation, and flexibility in 

design, have made it an advisable choice for iconic projects such as the Allianz Arena in Munich, the 

National Aquatics Center in Beijing and the Media-TIC building in Barcelona [7,17,18]. Studies have 

demonstrated that ETFE can reduce energy consumption by up to 40% compared to glass and lower 

construction costs by 24-70% [7]. However, it often lacks comprehensive analyses of its long-term 

performance under extreme environmental conditions, such as shifting temperatures [3,4,19] . 

Additionally, a lack of detailed analysis of its overall environmental footprint, including production 

and end-of-life considerations [20]. Furthermore, while ETFE is celebrated for its sustainability and 

recyclability, there is a notable absence of technical data on its thermal and acoustic performance, 

such as U-values, thermal conductivity, and acoustic properties [5,11,21–23] .  Additionally, there is 

a lack of comprehensive comparison between ETFE and other adaptive facade materials specifically 

for multistory applications [9,10,23,24] . The potential of ETFE extends beyond its current 

applications, particularly in the context of adaptive facades for multistorey buildings. However, 

research in this area remains limited. For example, one study does not thoroughly investigate 

occupant interaction, user comfort, and control mechanisms for adaptive ETFE facades in multistorey 

structures [5]Furthermore, discussions on the current state of building codes and standards for 

adaptive ETFE facades are insufficient, which is critical for their widespread adoption [25].  

There is a growing demand for using ETFE as adaptive smart material, several research and 

implementation gaps remain. There is limited information on the maintenance and repair 

requirements needed for ETFE building skins [25]. Additionally, more comprehensive research is 

needed on the visual perception of ETFE adaptive systems [12,13]. For validating the effectiveness of 

the application of ETFE as façade material a detailed quantitative data on the energy performance 

and occupant comfort improvements in different climates is required [26]. To evaluate, researchers 

have employed advanced energy simulation tools such as Rhinoceros, Grasshopper, Ladybug, 

Honeybee, and Radiance to predict the building performance [23]. However, the study primarily 

focuses on daylighting and energy performance, investigation into thermal discomfort, hours, 

melting range, light transmission, and K-value, remains unexplored [27–41]. However, the use of 

software like Design Builder to calculate total discomfort hours and compare ETFE with other 

materials would have provided a more comprehensive understanding of its potential [42,43] . ETFE, 

when used as Responsive façades, can improve the building energy performance and indoor air 

quality when they interact with the external weather conditions [44–46]. However, there is 

insufficient data on the integration of ETFE with other smart building technologies, such as 

nanomaterials, which could further enhance its performance [47]. One of the key points that needs to 

be addressed is the validation of simulation results with real world scenarios [48]. While ETFE has 

proved to be a favourable adaptive material to create sustainable and energy efficient buildings. 

There is the need for further research on how effectively ETFE can be used as kinetic responsive 

facades for multistory buildings responding to changing environmental conditions, leading to more 

sustainable, energy-efficient structures and better urban built environment. 

2.2. Auto Heal as an Adaptive Material 

2.2.1. Self-Healing Materials in Facades 

A transformative advancement in material science, where Self-healing materials are moving 

from a theoretical concept to an imminent reality. There is a change in thinking where engineered 

materials including polymers, metals, ceramics, and composites possess the built-in potential to self-

repair the damage, thereby improving their durability, functionality, and longevity [49,50] . This new 

ability provides the scope for the Architects, designers, and researchers to explore the potential for 

innovative material design to resolve long standing limitations in structural integrity and 

sustainability [51]. There is a transformation in the design and function of the building facades with 

application of self-healing materials. For example, bacterial concrete is an innovative solution that 

reduces carbon emissions, minimizes cracks, and improves durability [52–56]. To prevent water 

ingress and structural damage, self-healing concrete can close micro -cracks, thereby lowering the 
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maintenance expenses and improving the quality performance of the structure [57–65]. In 

architectural applications, self-healing coatings can repair minor degradation on the façade surfaces, 

preserving the underlying material used. Despite these developments, implementation of these 

materials into construction practices, achieving an optimization in terms of cost, performance, and 

sustainability, and their response to varying environmental conditions has always been a challenge. 

2.2.2. Polymer Materials in Facades 

Due to their lightweight, durable, and versatile nature, polymers like PMMA, PVC, and 

polycarbonate are widely used in building facades. Self-healing polymer materials, a recent 

development in the building construction industry, can autonomously repair damage and extend the 

lifespan of building exteriors [66–68]. For instance, smart polymeric coatings, when used with natural 

additives like tung oil and linalyl acetate, have shown improved ability to repair microcracks, 

improving the durability of the facade. A notable advancement includes polymer-clay hybrid 

materials capable of self-repair upon contact with water. This development provides an eco-friendly 

approach to preserving facade durability across diverse environmental conditions. Additionally, to 

seal cracks and prevent water damage, a polymer cement-based coating with ion chelators can form 

calcite crystals. These evolutions using computational simulations validate the efficiency of these 

materials and demonstrate the potential of self-healing polymers in creating more sustainable and 

resilient architectural designs [57,69,70]. 

2.2.3. Auto-Healing Materials with Ion-Dipole Interactions 

Self-healing materials can also be created using dynamic supramolecular interactions, such as 

ion-dipole bonds. These interactions, which occur between charged ions and polar molecules, create 

strong, reversible bonds that allow materials to repair themselves and adapt to environmental 

changes [71–73]. Both extrinsic methods (e.g., encapsulation, hollow fibers) and intrinsic methods 

(e.g., reversible covalent bonds, hydrogen bonding) have been explored by researchers to achieve 

these properties [74–76] . A significant development is a bio-inspired material that mimics the self-

healing abilities of Wolverine, a Marvel comic character. This material is transparent, stretchable, and 

can repair itself when damaged, making it ideal for applications in soft robotics, wearable electronics, 

and flexible displays [77,78]. Advanced auto-healing materials can respond to environmental 

changes, which have helped in overcoming challenges in material science and building technology.  

These materials offer several benefits, including enhanced durability, responsiveness to factors like 

temperature, and self-heal when electric fields are activated. Integrating Auto heal with kinetic 

transformation strategies can hold an extensive potential for improving the sustainability, urban built 

environment, and energy performance of the building when used as responsive kinetic facades. 

2.2.4. Research Gap Analysis 

In summary, numerous studies on ETFE as a responsive adaptive façade material focuses on its 

sustainability and energy efficiency. Significant issues remain as far as long -term performance under 

various climatic conditions. Additionally, the integration of self-healing technologies with ETFE 

remains uninvestigated. There is also a lack of comparative analysis between ETFE and other 

adaptive façade materials. Further research is required to explore their combined impacts on the 

thermal comfort of the occupants, building energy efficiency and the overall sustainable built 

environment. However, the application of advanced, innovative self-healing material offers a novel 

opportunity to develop the functionality and durability of the adaptive façades. 

3. Methodology 

3.1. Simulation Setup and Tools 

An extensive simulation was conducted using whole-building energy modeling to evaluate each 

facade material under uniform conditions [79–83] . Design Builder (with an Energy Plus engine) 
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software was chosen for its advanced capabilities in assessing the building energy performance 

[83,84] . This tool is well-established for predicting annual energy consumption, thermal comfort 

indices, and daylighting, aligning with best practices encouraged by ECBC and ASHRAE standards 

[5]. Building performance simulation is extensively utilised to optimise building envelopes and 

systems. This technology enables the assessment of different facade materials' impact on energy 

efficiency and occupant comfort without the need for physical prototypes [85–87] . Figure 1 shows 

the baseline building model that was utilised for all simulations. The office block, located in Jaipur, 

Rajasthan, India, is in a composite climate region with hot summers and cool winters. The geometry 

and orientation of the model were maintained consistently across all simulation runs. Key building 

parameters (floor area, number of floors, occupancy density, internal loads, etc.) Standard reference 

models [6] were utilized and modified to accommodate the local climate [7]. The building envelope 

in the base case consisted of typical construction materials meeting ECBC 2017 prescriptive 

requirements [1] for U-values and solar heat gain coefficients. In the base case, no shading devices or 

kinetic features were used, providing a clear performance benchmark under static facade conditions 

[88,89]. 

 

Figure 1. Building 3D view in Design Builder. 

 

For climate data, an appropriate weather file (in Energy Plus EPW format) representing the 

composite climate was used. All simulations for the different facade scenarios used the same weather 

data to ensure comparability. The HVAC system in the model was configured to be a standard 

efficient system (e.g., variable air volume with economizer) sized according to the building load. 

Internal thermostat setpoints and operation schedules were kept consistent in all cases. This uniform 

setup isolates the effect of the facade material as the primary variable. 

3.2. Façade Scenarios 

After running the base case simulation to obtain a performance baseline, we introduced 

responsive facade systems in two scenario runs: 

1. ETFE facade: The building’s external skin is replaced or overlaid with an ETFE-based kinetic 

facade. In simulation terms, this was represented by modifying the envelope properties to mimic 

ETFE foil cushions. ETFE is highly transparent with relatively low thermal insulating value as a single 

layer, but in a cushion system (multiple layers of ETFE with air cavities) its effective U-value can be 

much lower [90–94]. In our model, the ETFE facade was assumed to dynamically adjust (for instance, 
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by inflating or deflating cushions, or by deploying shading within the cavity) in response to outside 

conditions. This setup aims to reduce solar gains on hot days and increase insulation on cold days, 

following principles observed in prior ETFE dynamic facade research. 

2. Auto-heal facade: The building facades use Auto heal, a self-healing material, as the kinetic 

layer. The purpose of including Auto Heal is to test if a material with self-repairing capability and 

presumably good insulation can outperform ETFE in maintaining comfort and reducing energy 

demand. To characterize the thermal stability and composition of the material, TGA 

(Thermogravimetric analysis) was conducted under various temperature conditions up to 600 °C by 

METS (Middle East Testing Services) Laboratories, Ajman, UAE [95,96]. 

In both adaptive scenarios, the control strategy for the kinetic facade was simplified in the 

simulation: the facade was set to fully deploy its maximum shading/insulating state during periods 

of excessive solar gain (to minimize cooling load), and to retract or become maximally transparent 

during cold periods or when solar heat is beneficial (to reduce heating load). This on/off control 

approximates a responsive system, provides a reasonable estimate of potential performance 

improvement. By keeping the control logic consistent for both ETFE and Auto Heal, we ensured a 

fair comparison between the materials. 

3.3. Performance Metrics 

To thoroughly compare the facade options, several key performance metrics from the simulation 

results, which were analysed: 

Energy Use per year (Fuel Consumption, Wh/m²): It provides the total building energy 

consumption per unit floor area, mainly for HVAC (cooling and heating) and fans. It is expressed in 

watt-hours per square meter for the analysis period. Lower values indicate better energy efficiency 

of the building. The focus in this study is on the fuel consumption for HVAC, since facade changes 

mostly impact heating/cooling loads. 

Discomfort Hours: The total number of hours in an entire year when the temperature inside falls 

beyond a specified comfort range. In this case the comfort range is determined by standard criteria 

such as the acceptable range of PMV/PPD per ASHRAE 55 [4]. Lesser discomfort hours depict the 

building maintains a comfortable environment for occupants most of the time, indicating an effective 

facade and HVAC design. 

Fanger Predicted Percentage of Dissatisfied (PPD, %): This index predicts the percentage of users 

who will experience thermal discomfort in the indoor environment. It is derived from the Fanger 

comfort model and related to the PMV. A less PPD percentage indicates a higher fraction of thermally 

satisfied users. For instance, PPD = 25% means one in four people may be dissatisfied on average [97]. 

Fanger Predicted Mean Vote (PMV): The PMV is an indicator of the average thermal sensation 

on a scale from -3 (cold) to +3 (hot), with 0 being neutral. It takes several factors like air temperature, 

radiant temperature, humidity, air speed, metabolic rate, and clothing level. Values close to 0 

(between -0.5 and +0.5) are mainly considered comfortable [4]. In this research, a PMV slightly above 

0 indicates a tendency toward warmth. Lower absolute PMV (closer to zero) signifies better thermal 

comfort. 

The above-mentioned metrics were calculated for every simulation scenario to provide a 

detailed picture: energy performance (via annual Wh/m²) and occupant comfort (via discomfort 

hours, PPD, PMV) [98–103]. All other variables being equal, a facade that yields lower energy use 

and improved comfort indices is considered superior. In addition to this, we also note the percentage 

savings in energy use for the adaptive cases relative to the base case, to quantify improvement. 

4. Analysis and Findings 

After running the simulations, the performance of the two smart facade materials, ETFE and 

Auto Heal, was compared against the ECBC-compliant base case. The subsequent discussion 

interprets the key findings shown in Tables 1 and 2. The total fuel consumption and the percentage 

of energy savings in Graph 1 and Graph 2. 
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4.1. Baseline Performance 

The ECBC Base Case, without any shading device, noticeably had the highest energy 

consumption and indoor discomfort values. The annual HVAC energy use was the high load is 

mainly due to extensive solar gains and thermal losses through the static facade, resulting in greater 

HVAC demand of about 96,192 Wh/m². Correspondingly, the base building experienced 1588 

discomfort hours over the year, indicating that for nearly 18% of the time in a year, indoor 

environment fell outside the comfort zone refer Table 1. The PPD was about 25.3%, meaning one in 

four occupants were predicted to be uncomfortable on average, and the PMV of +0.82 suggests the 

indoor environment tended to be uncomfortably warm for occupants (near the upper limit of the 

comfort range). Since the baseline simulation scenario meets the minimum standards, there is a need 

for improvement for enhancing the building energy efficiency and the indoor comfort for the users. 

Figures 2–4 shows the monthly comfort graph, yearly bar chart for comfort and yearly bar chart for 

energy consumption respectively using ECBC base case. 

 

Figure 2. ECBC base case - The comfort graph (Monthly). 

 

Figure 3. ECBC base case - Bar Chart for the Comfort (Yearly). 
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Figure 4. ECBC base case - Bar chart for Energy Consumption (Yearly). 

4.2. ETFE Façade Performance 

Incorporating a responsive ETFE facade led to a noticeable improvement over the   base case. 

Annual energy use dropped to ~94,885 Wh/m², which is a 1.36% reduction in HVAC energy 

consumption relative to the base case. While this energy saving is modest in percentage terms, it 

reflects the ETFE system’s ability to slightly reduce heat gains and losses by adapting to. The 

discomfort hours decreased to 1530.67 hours, about 58 fewer hours than the base case. This indicates 

that the ETFE dynamic facade kept the building in the comfort range for more hours of the year, likely 

by mitigating extreme thermal conditions. The PPD improved to 24.11%, so fewer occupants are 

predicted to feel dissatisfied, and the PMV moved to +0.76, closer to the neutral comfort point, 

referring to Table 1.  

The ETFE adaptive facade provided some enhancement in both energy efficiency and indoor 

environmental comfort, validating the concept that a dynamic envelope can outperform a static one. 

Figure 5, Figure 6 and Figure 7 show the monthly comfort graph, yearly bar chart for comfort and 

yearly bar chart for energy consumption respectively using ETFE on the façade as a shading material. 

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 March 2025 doi:10.20944/preprints202503.2107.v1

https://doi.org/10.20944/preprints202503.2107.v1


 9 of 17 

 

Figure 5. ETFE - The comfort graph (Monthly). 

 

Figure 6. ETFE - Bar Chart for Comfort (Yearly). 

 

Figure 7. ETFE - Bar chart for Energy Consumption (Yearly). 

4.3. Auto Heal Façade Performance 

The facade with the Auto Heal material demonstrated the best performance among the tested 

scenarios. The annual energy consumption dropped to 92,905.48 Wh/m², which is a 3.41% saving 

compared to the base case (and still about 2% better than the ETFE case).  Significantly, the Auto 

Heal facade had the lowest number of discomfort hours (1477.53), indicating that the indoor 

environment quality stayed within the comfort range for a major portion of the year.  

This is about 111 fewer uncomfortable hours than the base case – a noticeable improvement for 

occupants. The PPD in the Auto Heal scenario was 22.64%, the lowest of all the cases tested, signifying 

that the predicted dissatisfaction rate among occupants is reduced (roughly 2-3% fewer dissatisfied 

people compared to the base and 1.5% fewer than with ETFE). The PMV came down to +0.67, much 

closer to the ideal neutral value of 0 refer Table 1.  

This suggests that the indoor environment comfort with the Auto Heal facade was generally 

slightly warm but well within a tolerable range, improving overall thermal comfort. The superior 

performance of Auto Heal across all the parameters, i.e., lower energy use, fewer discomfort hours, 
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lower PPD, and a PMV nearer to zero – underscores its potential as an innovative material for 

responsive kinetic facades.  

Figures 8–10 show the monthly comfort graph, yearly bar chart for comfort and yearly bar chart 

for energy consumption respectively using ETFE on the façade as a shading material. 

 

Figure 8. Auto heal - The comfort graph (Monthly). 

 

Figure 9. Auto heal - Bar Chart for Comfort (Yearly). 
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Figure 10. Auto heal - Bar chart for Energy Consumption (Yearly). 

Table 1. Performance of Base Case vs. Adaptive Facade Scenarios. (Annual values are given per square meter 

of floor area; PPD and PMV are comfort indices.) 

Facade Scenario Annual HVAC Energy (Wh/m²) Discomfort Hours PPD (%) PMV 

ECBC Base Case 96,192.27 1588.27 25.28 +0.82 

ETFE Facade 94,884.50 1530.67 24.11 +0.76 

Auto Heal Facade 92,905.48 1477.53 22.64 +0.67 

 

Graph 1. Illustrates these comparisons in terms of percentage savings in energy relative to the base, highlighting 

that Auto Heal achieved the highest reduction in energy use and indoor environment comfort. 

Table 2. Percentage savings of Base Case vs. Adaptive Facade Scenarios. 

S.No Material Fuel totals (Wh/m²) Percentage Savings (%) 

1 ECBC  96192.27 Base Case 

2 ETFE 94884.5 1.36 

3 Auto Heal 92905.48 3.41 
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Graph 2. Illustrates Energy savings achieved by each facade material compared to the ECBC base case. The Auto 

Heal facade showed ~3.4% reduction in annual HVAC energy consumption, more than double the ~1.36% 

reduction achieved by the ETFE facade. 

6. Results 

The analysis indicates that ETFE has been an innovative material in this field, but emerging 

unique smart materials like Auto Heal have the potential to redefine the limits of innovation. By 

choosing facade materials that are responsive to the external climatic conditions, it is possible to 

develop building envelopes that substantially enhance building energy performance and occupant 

well-being by reducing the energy consumption. 

7. Conclusion 

This research examined the performance of smart materials as responsive kinetic facades that 

adapt and respond to the external climatic stimuli like solar radiation, light and humidity, intending 

to reduce building energy consumption and improve indoor comfort. All key arguments and findings 

from the simulations done on a conventional static facade (ECBC base case) against two adaptive 

facade scenarios: one using the well-known ETFE material and another using an innovative Auto 

Heal self-healing material, have been presented with a scientific tone and backed by data. The original 

hypothesis – that material choice in responsive facades significantly affects performance – is strongly 

supported by the results. Finally, it is worth noting that the benefits of smart kinetic facades go 

beyond the numbers captured in the simulations. Improved thermal comfort and reduced energy 

demand lower operational costs and carbon footprints. As the temperature rises globally and the 

need for a comfortable built environment, adaptive kinetic facades with thoughtfully selected 

materials will play a crucial role. This research paper offers data-backed validation report and 

evidence that investing in advanced smart materials like Auto heal is a progressive approach to 

develop an energy-efficient building that will contribute to the sustainable urban built environment. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

ETFE Ethylene Tetrafluoroethylene 

ECBC Energy Conservation Building Code 

ASHRAE American Society of Heating, Refrigerating and Air-Conditioning Engineers 

PMV Fanger Predicted Mean Vote 

PPD Fanger Predicted Percentage of Dissatisfied 

PMMA Polymethyl methacrylate 

PVC Polyvinyl chloride  

HVAC Heating, Ventilation, and Air Conditioning. 

METS Middle East Testing Services 

TGA Thermogravimetric analysis 

BPS Building Performance Simulation 
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