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ABSTRACT  

Rapid urbanization in Sri Lanka has led to increased energy consumption in high-rise 
buildings, particularly due to cooling demands in tropical climates. Conventional 
buildings with extensive glazed facades contribute to excessive solar heat gain and high 

reliance on mechanical systems. This study evaluates the potential of biomimicry-
inspired strategies to improve energy efficiency in high-rise buildings. Two models, a 
conventional building and a biomimicry-inspired model, were developed and simulated 

using energy analysis tools in Revit under Colombo climatic conditions. The biomimicry-

inspired model incorporates envelope strategies such as external shading, textured 
facade surfaces, and reflective roof coatings. The results indicate a reduction of 
approximately 25% in cooling energy consumption in the biomimicry-inspired model, 

along with decreases in lighting and equipment energy use. The study concludes that 
biomimicry-inspired envelope strategies can effectively enhance energy efficiency in 
tropical high-rise buildings.  
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1. INTRODUCTION  

Rapid urbanization and population growth have significantly transformed the urban 

landscape of Sri Lanka, particularly in Colombo, where limited land availability has 

accelerated the development of high-rise buildings. While vertical expansion offers an 

effective solution to urban land scarcity, it also contributes to increasing energy demand 

within the built environment (Jayasinghe et al., 2021). Globally, buildings account for 

nearly 40% of total energy consumption and a substantial proportion of greenhouse gas 

emissions (Christopher et al., 2023). In Sri Lanka, the building sector represents almost 

60% of national electricity consumption, with a large share attributed to mechanical 

cooling systems used to maintain indoor thermal comfort in the tropical climate 

(Weerasinghe et al., 2022). 
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In addition, the increasing use of glazed facades in contemporary commercial buildings 

intensifies solar heat gain, thereby increasing cooling loads and operational energy 

consumption (Qahtan, 2024). Consequently, conventional building design approaches 

have become increasingly inadequate in addressing the combined challenges of energy 

efficiency, environmental sustainability, and occupant thermal comfort. 

In response to these challenges, biomimicry has emerged as a promising approach in 

sustainable architectural design (Vasanthanathan et al., 2020). Biomimicry involves 

studying and emulating strategies found in natural systems to solve complex human 

design problems (Dash, 2018). Many organisms have evolved efficient mechanisms to 

regulate temperature, airflow, and energy exchange within their environments. For 

instance, termite mounds maintain stable internal temperatures through natural 

ventilation systems, while plants such as cactus reduce heat gain through adaptive surface 

structures (Adarsh & Thomas, 2024). Translating such biological strategies into 

architectural applications presents an opportunity to develop innovative passive cooling 

solutions that reduce dependence on mechanical systems. Thus, this study investigates: 

How can biomimicry-inspired cooling strategies improve energy efficiency and indoor 

thermal comfort in high-rise buildings under tropical climatic conditions in Sri Lanka? 

Therefore, the aim of this study is to develop a biomimicry-inspired model for improving 

energy efficiency in high-rise buildings under tropical climatic conditions in Sri Lanka. 

Although biomimicry-inspired design strategies have been increasingly explored 

internationally, limited research has investigated their application for improving energy 

efficiency in high-rise buildings within the Sri Lankan tropical context. There are limited 

simulation-based studies evaluating biomimicry-inspired envelope strategies for 

commercial high-rise buildings in Sri Lanka. To address this gap, the study first reviews 

biomimicry principles applicable to tropical climates and suitable for architectural 

integration. Based on this, a conceptual biomimicry-inspired design model is developed 

by applying selected biomimicry strategies to an existing conventional building. 

Furthermore, both the conventional and biomimicry-inspired building models are 

simulated using energy simulation software to evaluate and compare their energy 

performance. 

2. LITERATURE REVIEW 

This section reviews the existing literature related to energy consumption in high-rise 

buildings, the role of building envelopes on energy efficiency and the use of biomimicry 

in sustainable building design. It also reviews the cooling strategies inspired by nature 

and their possible role in achieving better energy efficiency in tropical high-rise buildings. 

2.1 ENERGY CONSUMPTION IN HIGH-RISE BUILDINGS 

The building sector is one of the largest consumers of energy worldwide and plays a 

significant role in global greenhouse gas emissions. Studies indicate that buildings 

account for nearly 40% of global energy consumption and approximately one-third of 

total carbon emissions (Harputlugil & De Wilde, 2021; Omer, 2020). In rapidly 

urbanizing cities, the development of high-rise buildings has increased significantly due 

to limited land availability and growing population demands (Mostafavi et al., 2021). 

However, these buildings typically require higher energy consumption compared to low-



S.B.N.S.W. De Silva, P. Sridarran and M.N.U. Maddakandage 

Proceedings The 14th World Construction Symposium | July 2026 18 

rise structures due to their dependence on mechanical systems for cooling, ventilation, 

lighting, and vertical transportation (Ge et al., 2023). 

Among building systems, Heating, Ventilation, and Air Conditioning (HVAC) systems 

represent the largest share of energy consumption, accounting for more than 50% of total 

building energy use in many cases (Anarene, 2024). In tropical countries such as Sri 

Lanka, the demand for cooling energy is particularly high due to elevated temperatures 

and humidity levels. As urban areas such as Colombo continue to experience rapid 

vertical development, energy consumption in the building sector has increased 

considerably. Buildings in Sri Lanka consume a substantial portion of national electricity, 

with commercial high-rise buildings identified as major contributors due to their intensive 

cooling requirements. Total energy consumption in commercial buildings can generally 

be categorized in Figure 1.  

 

Figure 1: Total energy consumption in commercial building  

Source:(Gajaba & Dissanayake, 2025) 

2.2 ROLE OF BUILDING ENVELOPE IN ENERGY EFFICIENCY 

The building envelope plays a crucial role in determining the energy performance of 

buildings by controlling the interaction between indoor spaces and external 

environmental conditions (Azima et al., 2022). Key components of the building envelope 

include external walls, roofs, glazing systems, shading devices, and ventilation openings. 

These elements collectively determine the building’s ability to minimize heat gain and 

maintain comfortable indoor conditions. In tropical climates, poorly designed envelopes 

allow excessive solar radiation and heat penetration, which increases indoor temperatures 

and leads to higher cooling loads. Modern high-rise buildings frequently incorporate 

extensive glazed facades to improve daylighting and architectural aesthetics. However, 

large glazing areas can significantly increase solar heat gain if not properly designed, 

resulting in greater dependence on mechanical cooling systems such as air-conditioning 

(Dutta & Samanta, 2020). According to (Abdou & Reffat, 2025) the building envelope in 

high-rise buildings comprises physical form and orientation, external walls, roofs, glazing 

systems, shading devices, and ventilation elements, all of which play a critical role in 

controlling solar heat gain, indoor thermal comfort, and overall energy consumption in 

hot humid climates. 
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2.3 THE CONCEPT OF BIOMIMICRY 

The concept of biomimicry involves studying natural systems, organisms, and processes 

to inspire solutions for human challenges. By emulating nature’s strategies for adaptation, 

efficiency and resilience, biomimicry provides opportunities for developing 

environmentally responsive and energy-efficient design solutions (Araque et al., 2021). 

Furthermore, the approach of biomimicry, that examines and emulates the principles and 

mechanisms of nature to address human design challenges, with a strong emphasis on 

achieving sustainability (Mayank & Soumya, 2020). In addition there is increasing 

interest in biomimicry, as illustrated by the growing number of research studies, design 

projects, and sustainable innovations inspired by nature (Verbrugghe et al., 2023).            

Key characteristics of biomimicry include adaptation, efficiency, resilience, and the 

ability of natural systems to regulate energy and resources effectively. Rather than simply 

copying the appearance of natural organisms, biomimicry focuses on understanding 

underlying functional mechanisms that enable organisms to survive in challenging 

environments (Tezel Ersanli & Ersanli, 2023). Biomimicry in architectural and 

engineering design draws inspiration from nature to foster sustainability and innovation, 

with two primary approaches: the top-down approach (Problem Based), and the bottom-

up approach (solution-based) (Irene, 2025; Yeter et al., 2023). The problem-based 

approach (Design to Biology), also known as the top-down method, begins with a specific 

human design challenge and then seeks appropriate biological analogues to inspire 

solutions, whereas the solution-based approach (Biology to Design), or bottom-up 

method, starts by exploring biological phenomena, processes, or strategies in nature and 

subsequently applies these insights to address human design problems. In recent years, 

architects and engineers have increasingly explored biomimetic principles in building 

design to enhance sustainability and reduce energy consumption (Bijari et al., 2025). 

Nature-inspired architectural solutions have been applied in facade systems, structural 

forms, ventilation strategies, and shading devices. By integrating biological principles 

into architectural design, biomimicry enables the creation of buildings that are more 

adaptive, resource-efficient, and environmentally responsive. 

2.4 BIOMIMICRY - INSPIRED COOLING STRATEGIES IN BUILDINGS 

Biomimicry is the emulation of strategies seen in the living world as a basis for design 

and is a source of innovation, particularly in the creation of more sustainable architecture. 

It is the mimicry of an organism, an organism’s behaviour or an entire ecosystem in terms 

of its form, material, construction method, process strategies or function. Research 

demonstrates that biomimicry can successfully address climatic challenges, with nature 

serving as "model, mentor and measure" for innovative architectural solutions (Cuce et 

al., 2019). Below Table 1 demonstrate the biological strategies provide valuable insights 

for developing passive cooling systems that can be adapted for architectural applications.  

Table 1: Various biomimicry strategies used in architecture 

 

Design concept Building Biomimetic performance and building 

benefits 

Termite Mounds The Estate building 

in Harare, 

Zimbabwe 

This innovative approach has resulted in a 

remarkable 100% reduction in energy 

consumption for HVAC systems. 
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Design concept Building Biomimetic performance and building 

benefits 

Additionally, the building design facilitates 

natural ventilation and lighting, further 

enhancing its energy efficiency. 

 The Council House 

2, Melbourne 

Towers provide a reduction of 4-13 degrees 

C from the top of the tower to the bottom.  

Air is 100% filtered  

Natural lighting and ventilation saved by 

65% Maximizes natural ventilation 

Beehive Sinosteel 

International Plaza 

The hexagonal windows, designed in five 

sizes and arranged in an energy-efficient 

configuration, minimize conventional energy 
use, eliminate the need for internal 

structures, and achieve 75% energy 

efficiency. 

Glass sponge Swiss Re 

Headquarters, 

London 

An aerodynamic glazed facade with 

triangulated geometry reduces wind loads, 
maximizes natural light and ventilation, and 

cuts building energy use by up to 80%. 

Source: (Dixit et al., 2023; Rahubadda & Kulatunga, 2024; Waheeb et al., 2024) 

Overall, biomimicry provides a versatile framework for developing climate-responsive 

architecture in tropical regions. By emulating natural systems and organisms, these 

strategies enhance energy efficiency, reduce reliance on mechanical cooling, and improve 

occupant comfort, thereby contributing to sustainable urban resilience and effective 

climate change adaptation (Amraoui et al., 2024). 

2.5 BIOMIMICRY AS A SOLUTION FOR ENERGY EFFICIENCY 

Improving the thermal performance of building envelopes, particularly facades, is 

essential for reducing operational energy consumption while maintaining indoor thermal 

comfort. Biomimicry provides nature-inspired strategies that can significantly reduce 

energy demand for heating, ventilation, and lighting by emulating efficient natural 

systems (Varshabi et al., 2022). Research has highlighted the potential of integrating 

biomimicry principles into building skins to enhance energy performance while 

addressing environmental aspects such as resource efficiency and material use. The 

Eastgate Centre in Harare demonstrates the effectiveness of biomimicry-inspired 

ventilation systems, achieving around 90% reduction in energy requirements compared 

with conventional building designs (Adarsh & Thomas, 2024). Despite these successful 

applications, the integration of biomimicry in high-rise residential and commercial 

buildings remains limited, particularly in shortage of skilled professionals. This 

highlights the need for further research to explore biomimicry-inspired strategies that can 

enhance energy efficiency in high-rise buildings (Rodriguez et al., 2024). 
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3. METHODOLOGY 

This study adopted a mixed-method approach to combine qualitative insights from 

interviews and document reviews with quantitative energy simulation analysis, thereby 

providing a more comprehensive evaluation of biomimicry-inspired strategies for 

improving building energy efficiency. According to Nair and Prem (2020) mixed-method 

research enables a better understanding of complex research problems through the 

integration of qualitative and quantitative data. The study included a literature review, 

preliminary interview, document review, development of conventional and biomimicry-

inspired building models, and energy simulation analysis. The overall research process is 

illustrated in Figure 2. 

 

Figure 2: Research process 

The process began with a background study and comprehensive literature review to 

identify relevant biomimicry principles applicable to improving energy efficiency in 

tropical high-rise buildings. In addition, preliminary interviews and document reviews 

were conducted to gather expert insights and building-related information. Based on these 

findings, a conventional building model and a biomimicry-inspired building model were 

developed. Finally, energy simulation and comparative analysis were carried out using 

Revit energy analysis tools to evaluate and compare the energy performance of both 

models, leading to the study conclusions and recommendations. 

3.1 CASE STUDY SELECTION 

A 12-storey commercial office building located in Colombo, Sri Lanka, was selected as 

the case study for this research. The building has a total floor area of approximately 

18,805.50 m² and utilizes a reinforced concrete frame structural system. Preliminary 

interviews with building representatives and a review of available architectural and 

technical documents were conducted to collect relevant building information. The 

external envelope of the building primarily consists of a single-glazed tinted curtain wall 

facade, while secondary facade areas are constructed using 225 mm reinforced concrete 

walls. Figure 3 demonstrates the architectural layout of the selected building, site plan, 

unit layout, and ground floor design. 
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Figure 3: Architectural layout of the selected building, site plan, unit layout, and ground floor design 

The selection of the case study building in Colombo, Sri Lanka, was guided by several 

key considerations. First, the building features a high glazing facade ratio of 

approximately 90%. Second, the building utilizes tinted glazing with a relatively high U-

value, indicating lower thermal resistance and increased heat transfer through the facade. 

Third, the structure follows a reinforced concrete frame system with a glass curtain wall 

as the primary facade, representing a common typology in contemporary commercial 

high-rise buildings. Finally, the building provides sufficient architectural and technical 

information through interviews and documentation, enabling the development of a 

representative conventional model for evaluating biomimicry-inspired strategies aimed 

at improving energy efficiency. 

3.1.1 Preliminary Interview 

A preliminary interview was conducted with a participant who is highly familiar with the 

building. The participant is the operations manager of the building, who has 10 years of 

experience in the built-environment sector and sustainability. The data were analysed 

using a thematic analysis to identify key insights and inform the development of the 

model. Although only a single interview was conducted, this approach allowed the 

systematic extraction of meaningful observations from the participant’s experience with 

the building. 

3.1.2 Document Review  

A document review was conducted to collect and analyse relevant building-related data. 

Energy consumption records and electricity bills were examined to obtain monthly energy 

usage patterns. Architectural layout plans were reviewed to support the development of 

the building model, while building handover documents were analysed to identify 

material specifications and usage. This document-based analysis provided reliable 

secondary data to inform the model development.  

3.2 DEVELOPMENT OF THE BUILDING MODELS 

To develop the conceptual biomimicry-inspired design model, Autodesk Revit, a 

Building Information Modelling (BIM)- platform, was used to create digital 
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representations of both the conventional building and the biomimicry-inspired building 

models. The conventional model was developed based on the collected building data and 

served as the baseline condition representing the existing building design. Subsequently, 

a biomimicry-inspired model was created by incorporating selected nature-based cooling 

strategies identified from the literature review. To ensure a reliable comparison between 

the two models, identical building functions, spatial layouts, and environmental settings 

were maintained across both models.  

3.2.1 Biomimicry Model Development 

In this study, the top-down (problem-based) approach was adopted, where the research 

first identifies the problem of high energy consumption in tropical high-rise buildings. 

The biomimicry-inspired model was developed by incorporating selected biomimicry-

inspired envelope features derived from natural systems. A triangular parametric facade 

was introduced as an external shading system to minimize direct solar radiation and 

enhance daylight control. The concrete wall system was modified using mycelium-bound 

composite tiles with elephant-skin textured cladding, selected for their ability to increase 

surface roughness and promote heat dissipation. In addition, the rooftop was enhanced 

with a hexagonal ZnO microrods coating, chosen for its high reflectivity and emissivity 

to reduce solar absorptance. Figure 4 illustrates the development process of the 

biomimicry inspired building model. 

 

Figure 4: Development process of the biomimicry inspired building model 

3.3 BUILDING ENERGY SIMULATION 

Energy simulation for both the conventional and biomimicry-inspired building models 

was carried out using Energy Plus platform to evaluate the performance under tropical 
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climatic conditions. The simulation was conducted using the Colombo Bandaranaike 

International Airport weather file, representing local environmental conditions. The 

model was simulated over an annual period of 8760 hours. 

The analysis focused on the Annual Building Utility Performance Summary (End Uses 

by Subcategory), which provides a detailed breakdown of building energy consumption. 

Key end-use categories considered in this study include cooling, interior lighting, and 

interior equipment, as well as the total energy consumption associated with heating and 

cooling systems. These outputs were used to establish the baseline energy performance 

of the conventional building and to enable comparison with the biomimicry-inspired 

model in terms of energy efficiency improvements. 

4. RESEARCH FINDINGS AND DISCUSSION  

4.1 THEMATIC ANALYSIS FOR INTERVIEW 

Table 2 presents the thematic analysis conducted based on preliminary interview 

responses.  The findings indicate that the building follows a conventional design approach 

with a heavy reliance on centralized HVAC systems, leading to high energy consumption, 

particularly due to cooling demand. The extensive use of a glass curtain wall façade 

contributes significantly to solar heat gain, further increasing the cooling load. According 

to the respondent “internal blinds are used as shading elements”, advanced passive design 

strategies are absent. However, the interviewer revealed that “I have some general 

awareness of biomimicry” and highlighted their potential application, particularly in 

façade design, to reduce heat gain and improve energy efficiency. These insights were 

used to inform the development of the proposed biomimicry-based facade model. 

Table 2 - Thematic analysis of the preliminary interview 

Theme Code  Participant’s responses and evidence 

Building Design 

Characteristics 

Conventional Design  No biomimicry-based features were 

adapted in the building  

Energy Usage 

HVAC Dependency Centralized HVAC system operates 

during weekday working hours 

High Cooling Demand  Solar heat gain becomes a major issue in 

increased cooling load. 

 

Facade 

Performance 

Glazed Facade Impact Glass curtain wall facade is a significant 

portion of the external envelope. 

Limited Passive 

Strategies 

Internal blinds are used as a basic 

shading element. No advanced solutions. 

Biomimicry 

Awareness 

Basic Awareness Awareness exists but is not deeply 

implemented. 

Biomimicry 

Potential 

Need for Biomimicry 

Solutions 

Strong potential for biomimicry in 

improving energy performance. 
 

4.2 DOCUMENT REVIEWING 

The document review of the selected building indicates a high level of annual electricity 

consumption (6,490,160Kwh) primarily driven by cooling demand under tropical 
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climatic conditions. The analysis reveals that the building is cooling-dominated, with a 

significant portion of total energy use attributed to the centralized HVAC system. This is 

largely influenced by the building’s high glazing facade ratio (approximately 90% of the 

total facade area) and thermal properties of the envelope, which contribute to increased 

solar heat gain and indoor temperature rise. In addition, the roof’s high solar absorptance 

further intensifies heat transfer into the building. The building operates during standard 

office hours, resulting in consistent energy demand throughout the year. Overall, the 

findings highlight a strong reliance on mechanical cooling and the absence of effective 

passive design strategies, emphasizing the need for biomimicry-inspired solutions to 

enhance energy efficiency. 

4.3 COMPARISON OF ENERGY SIMULATION BETWEEN CONVENTIONAL AND 

THE BIOMIMICRY INSPIRED BUILDING MODELS 

Figures 5 and 6 illustrate the comparison of energy simulation results between the 

conventional building model and the biomimicry-inspired building model.  

 

 

 

 

 

 

 

 

 

 

  

A comparative analysis of energy consumption between the conventional and 

biomimicry-inspired building models, based on the End Uses by Subcategory (Cooling, 

Interior Lighting, and Interior Equipment) obtained from the simulation results, is 

presented in the following sections. 

4.3.1 Comparison of Cooling Energy Consumption 

Figure 7 illustrates the Comparison of Cooling Energy Consumption between the 

conventional building model and the biomimicry-inspired building model.   
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Figure 6 - Total energy consumption (end use by subcategory) of the biomimicry inspired building 

Figure 5 - Total energy consumption (end use by subcategory) of the conventional building 
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Figure 7 - Cooling energy consumption 

The results indicate a significant reduction in cooling energy consumption in the 

biomimicry-inspired building model compared to the conventional building. The 

conventional building recorded a cooling energy consumption of 4,867,844 kWh, 

whereas the biomimicry-inspired model reduced this value to 3,650,883 kWh. This 

represents a reduction of approximately 1,216,961 kWh, equivalent to about 25% 

decrease in cooling energy demand.  

4.3.2 Comparison of Interior Lighting and Equipment Energy Consumption 

In addition to cooling energy, the comparison of interior lighting and interior equipment 

energy consumption between the conventional and biomimicry-inspired models 

demonstrates a noticeable reduction. The conventional building recorded 731,444 kWh 

for interior lighting and 950,873 kWh for interior equipment, whereas the biomimicry-

inspired model reduced these values to 548,583 kWh and 713,155 kWh, respectively. 

This reduction can be attributed to the improved building envelope performance in the 

biomimicry-inspired model, which enhances daylight utilization and reduces dependence 

on artificial lighting. Furthermore, improved thermal conditions reduce internal heat 

gains, indirectly lowering equipment-related cooling loads. Figure 8 illustrates the 

Comparison of Interior Lighting and Equipment Energy Consumption between the 

conventional building model and the biomimicry-inspired building model.   

  

 

 

 

 

 

 

The findings are consistent with previous studies that identified biomimicry-inspired 

facade systems as effective passive cooling strategies in tropical climates. For example, 

He et al. (2023) reported significant reductions in cooling energy demand through nature-
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Figure 8 : Comparison of interior lighting and equipment energy consumption 
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inspired envelope adaptations. Similarly, Shet (2026) emphasized that biomimetic facade 

systems improve thermal regulation and reduce dependency on mechanical cooling. 

Compared with previous studies, the present research specifically contributes to the Sri 

Lankan context by demonstrating the applicability of biomimicry-inspired envelope 

strategies for commercial high-rise buildings under Colombo climatic conditions. Unlike 

many previous conceptual biomimicry studies, this research quantified energy 

performance improvements through simulation modelling. 

5. CONCLUSIONS 

This study emphasizes the importance of building envelope design in improving building 

energy performance compared with conventional approaches that mainly rely on 

mechanical systems. By maintaining consistent operational and climatic conditions 

across both models, the findings confirm the potential of biomimicry-inspired strategies 

in enhancing passive energy efficiency in high-rise buildings. 

The simulation results revealed a significant reduction in energy consumption in the 

biomimicry-inspired model compared to the conventional building. Cooling energy 

consumption was reduced by approximately 25%, demonstrating the effectiveness of 

strategies such as external shading, textured facade surfaces, and reflective roof coatings 

in minimizing solar heat gain and improving passive thermal regulation. These findings 

are consistent with previous studies highlighting the effectiveness of biomimicry-inspired 

façade systems in tropical climates. In addition, reductions in lighting and equipment 

energy consumption indicate the broader impact of improved envelope performance on 

overall building efficiency. 

Furthermore, in industry terms, the research illustrates that the strategies in envelope 

design inspired by biomimicry can aid architects and developers in creating high-rise 

buildings in tropical climates that are more energy efficient. From a research perspective, 

the study contributes to the limited knowledge on biomimicry applications in Sri Lankan 

high-rise buildings and provides a foundation for future research on adaptive façade 

systems and biomimetic materials. However, this study is limited to a single case study 

and simulation-based analysis; therefore, the findings represent a case-specific evaluation 

and may not be fully generalizable. Future studies should incorporate multiple case 

studies, field measurements, and broader climatic comparisons to improve 

generalisability and validation of biomimicry-inspired design strategies. Overall, the 

study demonstrates that biomimicry-inspired envelope strategies can effectively reduce 

energy consumption in high-rise buildings under tropical climatic conditions. 
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