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Thesis Summary 

 

 

Building envelope is the first defense line of the indoor environment 

in the inevitable confrontation with the outdoor environment. The main 

factors used for the definition of Building envelope are its function, 

characteristics, and impacts on whole buildings. The primary and main 

functions of the building envelope are to provide security and shelter. 

Building envelope helps in achieving comfort in built environment 

spaces such as daylight, thermal, acoustic, solar, indoor air quality, fire 

resistance, and moisture control. Building envelope is considered an 

essential pillar for achieving thermal comfort for the quality of the 

indoor environment of buildings. Building envelope contributes to 

providing a built environment with aesthetic quality as well.  

 

Thermal performance of building envelope is acquired a great deal of 

global interest. Recently, algorithms are used in architecture for 

generating inspired shapes from nature which could affect thermal 

performance. The research investigates an architectural design 

Methodology based on a “Modeling–Simulation–Optimization” 

framework to control the thermal performance of the building 

envelope. The design of a parametric building envelope is optimized 

by biomimetic algorithms such as genetic algorithms to minimize the 

thermal performance. It explores the possibilities of enhancing the 

thermal performance of the building envelope by reducing the total 

thermal loads of a proposed unit in an office building. Results 

demonstrate that the total thermal loads for different case studies in 

different locations in the world are decreased when compared with the 

default state before the optimization process. Finally, possible 

configurations of the building envelope are presented to enhance 

thermal performance in real architectural design. 

 

 

Keywords: Thermal Performance, Building Envelope, Biomimicry, 

Inspiration, Optimization, Genetic Algorithms. 
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Chapter One 

 Research Scope 

 

1.1 Forward 

 
Building envelope is the defense line of indoor environment in the 

inevitable confrontation with the outdoor environment. It has various 

functions which affect the whole building. Energy utilization in 

buildings is affected by many characteristics of building envelope; one 

of the most important aspects is the thermal performance. It is essential 

to use technological tools and applications for both predicting and 

enhancing the thermal performance of building envelope. 

 

On the other hand, environmental psychology studies show that 

humans are aesthetically attracted to natural contents in terms of 

biophilia. These features are also found to have positive effects on 

human functioning and can reduce stress. However, opportunities for 

contact with these elements are reduced in architectural practice. It is 

argued how this biophilic evolution can have subtle but nontrivial 

adverse effects on human well-being. These can be countered by 

integrating key features of biophilic design and algorithms through 

biomimicry applications.  

 

1.2 Research Fields 

This research concentrates on studying of fascinating environmental 

changes brought by algorithms to biomimicry and biophilic design. 

This will be done through studying the following fields: 

a. Biophilia, biophilic design, biomimicry. 

b. Environmental impacts of building. 

c. Thermal performance of building envelope. 

d. Applying of digital design in architecture. 

e. Most important algorithms used in architecture. 

f. Applications of biomimetic optimization algorithms. 
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1.3 Research Problem Statement 

Building envelope can influence on sustainability of buildings, 

functional, social and economic aspects. It is the fundamental shield of 

indoor environment as it can control the rates of energy that are needed 

for mechanical heating and cooling of the indoor environment. 

Designers take in consideration the importance of having a high level 

of thermal resistance and low level of thermal bridges in building 

envelope. 

 

One of the most effecting factors on saving energy is the thermal 

performance of building components. Thermal performance of any 

building depends on the difference of temperature between the indoor 

environment in the building and the outdoor environment from 

surroundings. Thermal performance of building envelope is associated 

with the energy consumption which depends on heat transfer through 

building envelope components such as walls, windows, doors, etc. 

which forms the heat gain and loss conditions in the indoor 

environment so that it is considered the most important factor 

influencing thermal performance. Enhancing thermal performance of 

buildings is essential for reducing thermal loads to save energy 

consumption.  

 

Inspiration from nature is an important source for architectural ideas 

and treatments. Biomimicry which derived from biophilia concept, is 

the examination of nature, its models, systems, processes, and 

elements to emulate or take inspiration from in order to solve human 

problems. It is anticipated that distinctions between the different kinds 

of biomimicry and their regenerative potential can be more easily 

made. As in nature, organisms which managed to survive in different 

environmental conditions formulate a large pool of inspiration for 

architects to learn and understand how to overcome the environmental 

problems which face humans in built environment with same 

environmental conditions.  

 

Although the powerful capabilities of biomimicry applications, there 

is no obvious methodology which demonstrate how the integration 

between biomimicry and digital design could be achieved to control 

the environmental effects especially thermal performance of building's 

envelope design.  
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1.4 Research Question 

The research should answer the following question: 
How can architects use the integration between algorithmic design and 

biomimcry concept for building design in order to enhance thermal 

performance of building envelope?  

 

1.5 Research Hypothesis 

An architectural form design methodology that connects the two sides 

of the spectrum together by supplementing biomimetic applications 

with biophilic qualities could be achieved by using algorithms in order 

to enhance the thermal performance of buildings. 

 

1.6 Research Objectives 

Research objectives could be explained in the following points: 

 

1.6.1 Main Objective  

- Create an architectural design Methodology based on biophilic 

concept, biomimicry applications, thermal simulation and 

heuristic algorithms as a computational tool through a 

parametric design of building envelope to enhance thermal 

performance of building envelope by reducing the total thermal 

loads of a proposed unit of a proposed office building. The 

design of building envelope is optimized by biomimetic 

algorithms such as genetic algorithms. 

 

1.6.2 Secondary Objectives 

- Identify the relationship between algorithms, biomimicry, and 

biophilia. 

- Investigate algorithmic design strategies. 

- Analyze the applications of biomimetic optimization 

algorithms in architecture. 
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1.7 Methodology 

The methodologies of the research will be as the following: 

A. A literature review and data collection for the historical review 

of the applications of biophilia, biomimicry and algorithms in 

architecture. 

B. An analytical study to provide an architectural design 

Methodology for enhancing thermal impact which caused by 

using biomimetic optimization algorithms. 
C. A deductive analytical study for creating an architectural design 

Methodology based on algorithms. 

 

1.8 Research Limitations 

This research represents a study for three major ingredients which are 

environmental changes, digital design and biophilia effect. As this 

research contains a large number of factors which could affect the 

research results in each stage. In order to keep the research within a 

manageable state the research will be concentrated in a specific factor 

from the three major ingredients which are mentioned before. For the 

environmental changes, research will focus in thermal performance for 

building envelope which results from changing its design variables. 

For digital design, research will focus in algorithms used for 

optimization particularly biomimetic optimization algorithms such as 

genetic algorithms. For biophilia effect, research will focus in biophilic 

design patterns particularly biomimicry applications. The optimization 

process will be performed and managed by using a digital platform 

consists of many digital applications such as Rhinoceros, Grasshopper, 

Honeybee, Energyplus, and Ladybug. 

 

1.9 Literature Review 

Nowadays, energy conservation approach attracts more attention and 

encourages humans to use different strategies to achieve it in the world. 

According to Brown et al. (2017)[1], energy levels increase as a result 

of pollution and global warming. The total consumption of energy in 

 
[1] Brown, K. E., Henze, D. K., & Milford, J. B. (2017). How accounting for climate and 

health impacts of emissions could change the US energy system. Energy Policy, 102, P:396-

405. 
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the world has three major causes which are industries, buildings and 

transportation. Energy consumption of buildings is one of the most 

important pillars for energy conservation[1]. In studies carried out by 

U.S. Energy Information Administration (EIA, 2016)[ 2 ] states that 

buildings consume more than 20% of total energy in the world.  

 

Thanks to information technology, the old ways of energy performance 

calculations were developed. As Augenbroe (2002)[3] explained that 

the new process used to calculate energy performance of buildings is 

called energy simulation or energy building modeling. By the different 

stages of energy simulation process during the design process, 

architects could predict and analyze the resulted consumption of 

energy in any part of the building and this could be used to change the 

energy consumption as needed in this specific location in the building. 

This advantage of energy simulation supply architects by many 

proposed ideas to use in order to achieve the maximum use of energy 

without raising consumption rates. 

 

Since few decades, the rates of energy consumption by building usage 

in the world have increased rapidly. According to studies in the future 

rates of energy consumption in the world, EIA stated that the rate of 

energy consumption will be 1.5% per a year during the period from 

2012 to 2040[4].  

 

The using of optimization in design launched since 1980.  However, 

as Nguyen et al.  (2014)[5] stated the most of directions of research and 

studies about using mathematical optimization and energy 

performance simulation and biomimetic optimization algorithms for 

building design were published since 2000. Designers in the 

optimization process seek to find the optimal solutions by using 

parametric design and energy metrics of the design variables and 

conditions which fulfill its needs and functions. In the past it is not 

possible to perform such incredible simulation processes with 

optimization attitude.  

 
[1] EIA. (2016). ENERGY STAR® portfolio manager™: U.S. energy use intensity by 

property type. Washington, DC: EPA. 
[2] EIA. (2016). Ibid. 
[3] Augenbroe, G. (2002). Trends in building simulation. Building and Environment, 37(8), 

P: 891-902. 
[4] EIA. (2016). Ibid. 
[5] Nguyen, A., Reiter, S., & Rigo, P. (2014). A review on simulation-based optimization 

methods applied to building performance analysis. Applied Energy, 113, P:1043-1058. 
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Among the recent researches about building performance optimization 

Evins (2013)[1] found that genetic algorithms is the most optimization 

strategy used in optimization process as it was used nearly in 50% of 

all researches while the other strategies used in the rest studies are 

particle swarm, simulated annealing and direct search. The most 

optimization purpose in the studies reviewed by Evins (2013)[2] was 

energy consumption with 60% share of all researches and studies, 

while the other 40% percentage is divided into other purposes such as 

day lighting systems, cost, CO2 emissions, etc. 

 

Xinga, Yu, Zhang, and Wu (2018) [ 3 ] investigated a new energy-

efficient building system for enhancing the thermal performance of 

public buildings to maximize energy-saving up to 65% in cold 

climates. The proposed system was based on using a modified 

insulated concrete perforated brick with a sandwich. The new modified 

brick was re-examined many times to reach the optimum value of 

insulating layer thickness which achieves the best values for energy 

saving. The results show that by using the new type of bricks in walls, 

the heat transfer coefficient could be minimized by 45% comparing to 

walls are made by unmodified bricks with the same thickness. The 

optimum value for insulating layer thickness in improved bricks was 

65 mm as by using it in walls heat transfer coefficient achieves a 

minimum value of 0.45 and could reach the energy-saving requirement 

of 65% for buildings in cold climates. 

According to a study implemented by Evins (2013)[4] in the field of 

optimization of building performance, building envelope has the 

higher percentage of research papers as it approximately reaches 38% 

of the reviewed work while the percentage of building form researches 

is 21%, the generation of renewable energy researches percentage is 

16%, the percentage of HVAC system is 17% and the rest of the 

reviewed research focuses on lighting strategies. 

 
[1] Evins, R. (2013). A review of computational optimisation methods applied to sustainable 

building design. Renewable and Sustainable Energy Reviews, 22, P:230-245. 
[2] Evins, R. (2013). Ibid, P:230-245. 
[3] G. Xinga, J. Yu, C. Zhang, J. Wu (2018), A new energy-efficient building system based 

on insulated concrete perforated brick with a sandwich, Civil Engineering Journal Vol. 4, 

No. 7, P:1467-1476. 

 
[4] Evins, R. (2013). Ibid, P:230-245. 
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In 2017, Fan and Xia[1] performed an optimization process based on 

genetic algorithms to retrofit building envelope. Fan and Xia managed 

to design a retrofitting plan that could last for 24 years. The 

optimization processes aims to achieve an optimal solution with both 

minimum energy consumption and larger economic rates. The study 

concentrated in using design variables such as wall types, window 

types, door types, materials and solar panels types on the rooftop.   

 

Jalil, Naji, and Mahmood (2020) [2] studied the environmental benefits 

of using the waste caused by destroyed buildings in the reconstruction 

process. The main concern of this study was building sustainability in 

terms of the consumption of energy. The authors proposed three 

alternatives of building materials to use in buildings which were: 10% 

recycled fine aggregates, 100% recycled fine aggregates, and crushed 

clay brick aggregate (CCBA) to produce recycled coarse aggregates 

for examining and determining the best alternative in terms of energy 

consumption. The study based on using building information modeling 

(BIM) technology to examine the energy consumption life cycle and 

annual carbon emissions of the proposed alternatives and compare the 

results with the actual values of the same building in the case of 

reconstruction using natural building materials. The study concluded 

that the best alternative was the use of crushed clay brick aggregate 

(CCBA) as it can minimize the energy consumption five times lower 

than the same building with natural materials, while the results of 

carbon emissions were equal as for the electricity consumption 

decreased from 23,500 kW/h to less than 23,000 kW/h. 

According to Wang & Zhai (2016)[ 3 ], the used tools in recent 

researches and studies for calculating energy performance of any part 

of the buildings are more easy and accurate as well. The new tools for 

energy simulation enables architects to save time, transfer data easily, 

view results simultaneously and select the optimal solution. There are 

many energy simulation tools such as Energy10, TRACE 700, IES-

VE, Energy-Plus, DOE-2, and HAP. Mateus, Pinto, & da Graca, 2014 

used Enrgy-Plus simulation tool in their studies about thermal 

 
[1] Fan, Y., & Xia, X. (2017). A multi-objective optimization model for energy-efficiency 

building envelope retrofitting plan with rooftop PV system installation and maintenance. 

Applied Energy, 189, P:327-335. 
[2] Z. A. Jalil , H. I. Naji , M. S. Mahmood (2020), Developing sustainable alternatives from 

destroyed buildings waste for reconstruction projects, Civil Engineering Journal Vol. 6, No. 

1, P:60-68. 
[3] Wang, H., & Zhai, Z. J. (2016). Advances in building simulation and computational 

techniques: A review between 1987 and 2014. Energy and Buildings, 128, P:319-335. 
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simulation of double skin façade ventilation and it reflects high levels 

of accuracy and validation.  

 

Borgstein et al. (2016)[ 1 ] explained that the calculation of energy 

performance of buildings is necessary to evaluate the energy 

consumption in building during any period in the year according to its 

climate conditions of its location. The energy performance of any 

building could be affected by many indoor and outdoor factors such as 

occupants’ needs and activities, internal and external finishes, building 

envelope, weather condition of building location and plug loads.   

 

Schwartz et al. (2016)[ 2 ] performed an optimization process using 

genetic algorithms for the refurbishment of a residential building. For 

the optimization process, the aim is to have the minimum life cycle 

cost and life cycle carbon footprint over 60 years. While the design 

variables which the optimization process depended on window to wall 

ratio, thermal bridge insulation and wall insulation material f the 

residential complex. The optimization process achieves the aims and 

identifies the optimal solution with valuable results as well. One of the 

most important results of the optimization process is the prediction of 

long life cycle carbon emissions during annual energy consumption 

optimization. 

 

In a study by Cao et al. (2016)[3], they considered that the causes which 

led to increase energy consumption rates are changing in climate 

around the globe, the new attitude of people to stay in homes, the great 

indoor environment quality which attract human to stay in buildings 

along the day and night, the increased rates of population around the 

world as the number of consumers increased as well and the existing 

of multi-function building which consume more energy to perform 

multi tasks and functions in its spaces. 

In 2016, Zhang et al. (2016)[ 4 ] developed a new approach for 

optimizing the shape of free form building according to efficiency of 

 
[1] Borgstein, E., Lamberts, R., & Hensen, J. (2016). Evaluating energy performance in 

nondomestic buildings: A review. Energy and Buildings, 128, P:734-755. 
[2] Schwartz, Y., Raslan, R., & Mumovic, D. (2016). Implementing multi objective genetic 

algorithm for life cycle carbon footprint and life cycle cost minimisation: A building 

refurbishment case study. Energy, 97, P:58-68. 
[3] Cao, X., Dai, X., & Liu, J. (2016). Building energy-consumption status worldwide and the 

state-of-the-art technologies for zero-energy buildings during the past decade. Energy and 

Buildings, 128, P:198-213. 
[4] Zhang, L., Zhang, L., & Wang, Y. (2016). Shape optimization of free-form buildings 

based on solar radiation gain and space efficiency using a multi-objective genetic algorithm 

in the severe cold zones of china. Solar Energy, 132, P:38-50. 
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indoor environment and outdoor solar radiation. The parametric model 

of the free form building was built by using both Rhinoceros and 

Grasshopper applications’ platform. The optimization process 

objectives were maximum space efficiency, minimum solar radiation 

gain and minimum shape coefficient of the building. The results of the 

study were tested with the comparison between a pure cube shaped of 

a building which was tested under the same circumstances and 

objectives. The final results showed that the pure cube shaped building 

is 47%:70% lower than free form building for solar radiation, 

80%:85% higher than free form building for shape coefficient, and 

95% higher than free form building for space efficiency. 

 

In 2016, a research by Mahmoud and Elghazi[1] investigated the best 

performance of daylight of the optimal design proposal for a kinetic 

envelope design by using an experimental methodology depending on 

optimization process.  

 

The research carried out by Anđelković et al. (2016)[2] is an example 

of using Energy-Plus as a simulation tool to study the Application of a 

multi-storey naturally ventilated double skin façade which used 

experimental validation of Energy-Plus tool. All these tools and 

applications concentrate of building energy modeling and calculate 

thermal comfort, thermal performance, energy consumption, energy 

efficiency, acoustics, lighting performance, and ventilation in indoor 

environment.  

 

Azari et al. (2016)[3] adopted an optimization process depending on 

genetic algorithms for optimizing the life cycle impacts on 

environment and energy consumption. In this study the optimization 

process depends on many design variables such as window type, 

window material, window to wall ratio, insulation material properties, 

and thermal resistance of building envelope. Genetic algorithm was 

used in this process as an effective optimization process with the help 

of eQuest 3.65 application as a thermal simulation engine. 

 
[1] Mahmoud, A. H. A., & Elghazi, Y. (2016). Parametric-based designs for kinetic facades 

to optimize daylight performance: Comparing rotation and translation kinetic motion for 

hexagonal facade patterns. Solar Energy, 126, P:111-127. 
[2] Anđelković, A. S., Mujan, I., & Dakić, S. (2016). Experimental validation of a EnergyPlus 

model: Application of a multi-storey naturally ventilated double skin façade. Energy and 

Buildings, 118, P:27-36. 
[3] Azari, R., Garshasbi, S., Amini, P., Rashed-Ali, H., & Mohammadi, Y. (2016). 

Multiobjective optimization of building envelope design for life cycle environmental 

performance. Energy and Buildings, 126, P:524-534. 
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In 2015, Carlucci et al.[ 1 ] proposed an optimization process for a 

residential house in Italy. The optimization process aims to have a net 

zero-energy house by minimizing the visual and thermal discomfort. 

The study depends on four optimization variables which were firstly, 

minimizing the visual discomfort which arises from either not suitable 

day lighting rates or glare and secondly, minimizing the thermal 

discomfort during the period of summer and winter. The optimization 

variables for this study are window type, window to wall ratio, wall 

type, shading devices strategies, glazing material properties, roof 

material properties, and floor material properties. The thermal and day 

lighting simulation engine in this study is Energy-Plus while GenOpt 

was used as an optimization tool. 
 

In hot and humid climate, a new optimization process was investigated 

by Ercan et al. (2015)[ 2 ] to identify the optimal dimension and 

properties of an office building shading device.  The main objective of 

the optimization process is to achieve the maximum level of daylight 

in the office building by reaching the optimal design of the shading 

devices of the building envelope. In order to perform the whole 

process, Ercan et al. (2015)[3] built a parametric model for the office 

building envelope in Rhinoceros and Grasshopper applications. 

Grasshopper application helped in generating many design proposals 

for the design of shading devices.  

 

Caruso and Kämpf (2015)[4] developed an optimization process for the 

building form to achieve the minimum rates of energy consumption 

which arises from solar irradiation. The optimization process depends 

on calculating the total solar irradiance which fall in the building 

envelope and tend to change the shape and the form of the building to 

have the minimum values. An evolutionary algorithm was used as an 

optimization tool to identify the best solution. The results of the study 

show the best solution through examining a large number of building 

form according to the optimization variables and desired purposes. 

 
[1] Carlucci, S., Cattarin, G., Causone, F., & Pagliano, L. (2015). Multi-objective 

optimization of a nearly zero-energy building based on thermal and visual discomfort 

minimization using a non-dominated sorting genetic algorithm (NSGA-II). Energy and 

Buildings, 104, P:378-394. 
[2] Ercan, B., & Elias, O. (2015). Performance-based parametric design explorations: A 

method for generating appropriate building components. Design Studies, 38, P:33-53. 
[3] Ercan, B., & Elias, O. (2015). Ibid, P:33-53. 
[4] Caruso, G., & Kämpf, J. H. (2015). Building shape optimisation to reduce air-conditioning 

needs using constrained evolutionary algorithms. Solar Energy, 118, 186-196. 
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According to a study carried by Ascione et al. (2015)[1] for a residential 

building, an optimization process performed to optimize both thermal 

comfort and energy consumption. The optimization parameters were 

connected to building envelope thermal performance such as thermal 

capacity, thermal transmittance, radiated properties of building 

envelope materials. The optimization process was applied to a 

residential building in two different locations within Mediterranean 

climates. The study managed to identify different optimal solutions for 

different location of the residential buildings. In this study Energy-Plus 

was used as a thermal simulation engine while genetic algorithms was 

used as an optimization methodology. 

  

By using parametric design, Lin and Gerber (2014)[2] investigated an 

Evolutionary energy performance feedback for design (EEPFD) as a 

design methodology for green buildings. Lin and Gerber (2014)[3 ] 

developed a prototype tool H.D.S. which is a new application helps in 

the methodology process. The new H.D.S. tool could plug in the 

powerful application Autodesk Revit to perform the simulation for the 

parametric model. Thanks to H.D.S. tool it was possible to combine 

the features and properties of Autodesk Green Building Studio and 

Microsoft Excel to facilitate the optimization process. The research 

purpose was to find the building form which achieves maximum 

financial rates, energy conservation and the spatial programing 

elasticity. 

A new methodology for optimizing building envelope was proposed 

by Lartigue et al. (2013)[4]. The proposed methodology depends on 

maximizing the daylight while in other hand minimizing cool and heat 

loads in the space. The optimization variables were assigned to both 

window type and window to wall ratio of the space. The study depends 

on many applications to perform the optimization process such as 

Daysim application for day lighting simulation, TRNSYS for energy 

performance simulation, and GenOpt as an optimization tool.  

 
[1] Ascione, F., Bianco, N., De Masi, R. F., Mauro, G. M., & Vanoli, G. P. (2015). Design of 

the building envelope: A novel multi-objective approach for the optimization of energy 

performance and thermal comfort. Sustainability, 7(8), 10809-10836. 
[2] Lin, S. E., & Gerber, D. J. (2014). Designing-in performance: A framework for 

evolutionary energy performance feedback in early stage design. Automation in 

Construction, 38, 59-73. 
[3] Lin, S. E., & Gerber, D. J. (2014). Ibid, 59-73. 
[4] Lartigue, B., Lasternas, B., & Loftness, V. (2013). Multi-objective optimization of 

building envelope for energy consumption and daylight. Indoor and Built Environment, 

1420326X13480224. 
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For identifying the minimum consumption of energy while providing 

the space of a room as a case study by suitable indoor temperature, 

Kusiak and Xu (2012)[ 1 ] tested the HVAC system during the 

optimization process to achieve the optimal solution for the desired 

state. Kusiak and Xu (2012)[ 2 ] managed to minimize the energy 

consumption by 29.9%.  In this optimization process, there are twenty 

one variables which were tested as a candidate for the optimization 

process to find the optimal solution. These variables contain the 

temperature of supply air, actual room temperature, actual room 

humidity and fan speed of HVAC system. The optimization strategy 

used in this process was based on particle swarm optimization 

algorithm. 

 

In order to optimizing the building envelope components and building 

form, Tuhus and Krarti (2010)[3] proposed a design methodology for 

the optimization process. The process depends on genetic algorithms 

as a simulation engine. The main purpose of this optimization process 

is to identify the optimal solution which achieves the minimum levels 

of energy consumption in the building. Tuhus and Krarti (2010)[4] 

examined different shapes of building such as T, L, U, H, trapezoid, 

square, cross, and rectangle shapes in the design process. Optimization 

variables which the study depends on for building envelope design 

were window types and sizes, wall types, roof material, insulation type, 

and foundation types. The results of this study indicates that trapezoid 

and rectangular shapes are the best solution for building shape to have 

minimum levels of energy consumption and have the minimum life 

cycle cost as well. 

 

Kayo and Ooka (2009)[5] investigated an optimization process depends 

on genetic algorithm for optimizing the energy system in of a hospital 

building in Tokyo. They aim to achieve an optimal design of the 

hospital building which has the minimum value of both cost and 

 
[1] Kusiak, A., & Xu, G. (2012). Modeling and optimization of HVAC systems using a 

dynamic neural network. Energy, 42(1), P:241-250. 
[2] Kusiak, A., & Xu, G. (2012). Ibid, P:241-250. 
[3] Tuhus-Dubrow, D., & Krarti, M. (2010). Genetic-algorithm based approach to optimize 

building envelope design for residential buildings. Building and Environment, 45(7), P:1574 

1581. 
[4] Tuhus-Dubrow, D., & Krarti, M. (2010). Ibid, P:1574-1581. 
[5] Kayo, G., & Ooka, R. (2009). Application multi-objective genetic algorithm for optimal 

design method of distributed energy system. Paper presented at the Eleventh International 

IBPSA Conference, P:27-30. 
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energy consumption. This study focused on specific design parameters 

such as hot heat supply, cool heat supply, electricity usage and hot 

water supply. 

 

By performance evaluation for four types of shading devices, Chiang 

et al. (2008)[ 1 ] managed to study the different dimensions of a 

classroom such as height, length and width and reach to the maximum 

artificial lighting distribution in the classroom. 

 

In a study carried out by Wright et al. (2002)[2], the optimum feasibility 

solution related to the relation between thermal discomfort of space 

occupants and energy cost was identified by using an optimization 

method depends on genetic algorithms. There are many variables in 

the optimization process such as HVAC system, air flow rate, air 

temperature and number of circuits. 

 

1.10 Research Structure 

This research consists of six chapters as following: 

Chapter one presents research scope and literature review of most 

recent studies in the field of research as energy conservation approach 

attracts more attention and encourages researchers to use different 

strategies to achieve it. The total consumption of energy in the world 

has three major causes which are industries, buildings and 

transportation. Thanks to information technology, the old ways of 

energy performance calculations were developed. The new process 

used to calculate energy performance of buildings is called energy 

simulation or energy building modeling. By the different stages of 

energy simulation process during the design process, architects could 

predict and analyze the resulted consumption of energy in any part of 

the building and this could be used to change the energy consumption 

as needed in this specific location in the building. This advantage of 

energy simulation supply architects by many proposed ideas to use in 

order to achieve the maximum use of energy without raising 

consumption rates. 

 
[1] Chiang, C., Ho, M.,Chou, P., Chang, K., & Lee, C. (2008). Optimal sun-shading design 

forenhanced daylight illumination of subtropical classrooms. Energy and Buildings, 40(10), 

P:1844-1855. 
[2] Wright, J. A., Loosemore, H. A., & Farmani, R. (2002). Optimization of building thermal 

design and control by multi-criterion genetic algorithm. Energy and Buildings, 34(9), 959-

972. 
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Chapter two presents a theoretical study for thermal performance of 

building envelope. Thermal performance is the formulation of energy 

transfer between both indoor and outdoor environments. It has a great 

impact on energy consumption in buildings as it can manipulate on 

different and essential aspects of buildings. Each building has a state 

of thermal balance depending on five pillars that formulate the 

comfortable state of balance. The five pillars could be categorized as 

envelope thermal transfer value, heat transfer rate via ventilation, 

building’s solar heat gain, building’s internal heat gain and evaporation 

heat loss. Organisms in nature managed to formulate their abilities in 

order to reach the thermal balance state which is essential to survive in 

harsh environmental conditions. The studying and understanding for 

heat regulation in nature occurs by organism strategies led to find 

innovative solutions for building to control thermal performance for 

achieving thermal comfort rates. The inspiration of nature strategies 

depends on the main idea of biophilia effect between human and 

nature. 

Chapter three presents a theoretical study for biomimicry in 

architecture. Biomimicry is the process of imitating natural organism 

strategy in order to benefit similar problem which it managed to solve 

it in natural life. Biomimicry is considered the most important and 

essential fertile source of inspiration for new innovative solutions for 

designers to overcome, control and enhance different environmental 

conditions. Biomimicry has two approaches to be used through their 

processes which are design looking to biology and biology influencing 

design. The application of biomimcry could be inspired from forms of 

natural organisms’ composition, forms of structures in nature and 

materials owned by natural organisms. Each application of biomimicry 

is led by a biomimicry level which helps in formulating the whole 

process of biomimcry. Levels of biomimicry are categorized to three 

main levels organism level, behaviuor level and ecosystem level. It is 

needed for performing a successful process of biomimcry for 

enhancing thermal performance of building envelope to choose the 

suitable biomimicry approach, application and level. Depending on 

biomimicry inspiration, a digital model for building envelope design 

could help in controlling and examining the thermal performance of 

building envelope which is inspired from nature.  

Chapter four presents an analytical study for biomimetic optimization 

algorithms. In digital information age, algorithms were used in digital 
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design due to its ability for generating, controlling and changing the 

final product easily. An infinite number of generations could be 

produced by a single and simple algorithm formation which supplies 

designers with enormous number of complicated concepts and ideas. 

Designers by themselves and their own abilities cannot imagine and 

predict the results of performing algorithm according to the 

complicated mathematical equations and process so algorithms open a 

massive source for new and innovative concepts and ideas for 

designers. Algorithms is used not only to produce a digital model to 

any desired concept but also it is used to choose and identify the 

optimum solution for the input data and conditions which designers 

select to solve. Concepts and ideas which laterally are modeled by 

using algorithms could be inspired from nature by using biomimicry. 

The correlation between using algorithms for optimization and 

biomimicry for inspiration called biomimetic optimization algorithms. 

There are various number of successful biomimetic optimization 

algorithms. Biomimetic (nature-inspired) optimization algorithms 

could be divided to two main categories. The first main group is 

biologically inspired algorithms which depend on the inspiration of 

organism and this category is divided to evolutionary based 

algorithms, swarm based algorithms and ecology based algorithms.  

The second main category is Physics/Chemistry- based algorithms 

which are not biologically inspired algorithms but still nature-inspired 

algorithms.  

Chapter five presents an analytical study for the optimization process 

of a new design methodology to enhance thermal performance of 

digital design of building envelope. The proposed optimization 

framework provides optimization concept, methodology, two types of 

design variables, limitations of optimization process, Rhinoceros and 

Grasshopper applications as parametric platforms for digital modeling 

of building envelope, and EnergyPlus as a simulation engine for the 

optimization process. The seven steps of optimization process for 

building envelope are discussed in detail to explain how building 

envelope is modeled, tested, and optimized to minimize thermal 

performance. Through the research methodology, the results of 

optimization process by using the proposed design of building 

envelope lattice for the proposed design of office unit and assigned 

weather conditions the total thermal loads are less than the total 

thermal loads of the default state before optimization process. 

According to the previous results, the proposed lattice design with 

assigned values for rotation angle and enclosure angle by using 
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biomimetic optimization algorithms such as genetic algorithms 

enhances thermal performance of building envelope.  

  

Chapter six presents the conclusions and recommendations of 

research. The research based on presenting a design methodology to 

enhance thermal performance of building envelope. The proposed 

design methodology emerged from the integration between many 

ingredients which were: digital design of building envelope, 

environmental effect of building envelope on building sustainability, 

thermal regulation in buildings, biomimicry concept, biomimetic 

optimization algorithms and energy simulation in building sample. The 

literature review which presents the capabilities of building envelope, 

biomimicry, energy simulation, digital design and biomimetic 

optimization algorithms for enhancing thermal performance in many 

ways indicates that the combination between them all effects on both 

building envelope design and thermal performance. According to the 

proposed optimization process, input data for six selected cities located 

in different locations in the world which assigned as research case 

studies, research variables and limitations of the new design 

methodology of building envelope provides a thermal performance 

reduction for building envelope lower than the thermal performance 

for the same case study’s building envelope without any treatments 

which affect thermal performance. So the integration between 

biomimicry, digital design, and optimization algorithms is an effective 

way to evaluate and find optimal solution for building envelope design 

to enhance thermal performance of it. As a conclusion from research 

results, the proposed design methodology for building envelope to 

enhance thermal performance by using biomimetic optimization 

algorithms managed to provide significant optimal solutions for 

building envelope design with thermal performance improvements. So 

it can be considered as a valid methodology for enhancing thermal 

performance of building envelope. 

 For further research directions, it could include different types of 

biomimetic optimization algorithms to develop new types with new 

inspiration concepts to generate innovative solutions for 

environmental problems. The proposed design methodology offers a 

large number of chances and opportunities which attracts future 

researchers to use its capabilities in improving and enhancing many 

factors in built environment such as enhancing daylight qualities, 

Acoustics in buildings, shading devices, life cycle cost. 
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Research structure is presented in the following figure: 

 
Chapter one Research Scope 

Chapter Two Thermal Performance of Building Envelope 

Chapter Three Biomimicry In Architecture 

Chapter Four Biomimetic Optimization Algorithms 

Chapter Five Optimization Process 

Chapter Six Conclusions And Recommendations 
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Chapter Two 

Thermal Performance of Building Envelope  
 

2.1 Introduction 

In this chapter, the research concentrates on building envelope’s 

characteristics and functions. Building envelope has many effects on 

building and built environment as well. These effects include 

environmental, functional social, and economic. The research focuses 

on environmental effects especially thermal performance of building 

envelope. Thermal performance generally has different mechanisms to 

transfer heat through building envelope components which affect 

thermal balance of buildings. 

 

2.2 Definition of Building Envelope 

Building envelope definition as Brock (2005) stated [1], “It is the skin 

of a building which is supported by the skeleton of the building 

structure”, while Elder (2005) explained it as “the building 

components which enclose conditioned spaces and through which 

thermal energy is transferred to or from the outdoor environment” [2]. 

The building components include all determinants of architectural 

space such as walls, roofs, floor, doors and windows. 

 

2.3 Fundamental Functions of Building Envelope 

The fundamental function of building envelope is to provide shelter 

and security  which contains in its domain the fulfillment of comfort 

rates of thermal, solar, acoustic, fire resistance, indoor air quality and 

moisture control [3]. Leung et al. (2005) stated that building envelope 

has to provide other functions such as the psychological needs of the 

building occupants thought out allowing the connected view between 

inside and outside the building in order to provide both sufficient 

natural lighting rates to building occupants and preventing the feeling 

 
 [ 1 ] Brock, L. (2005), “Designing the exterior wall: an architectural guide to the vertical 

envelope”. 
 [2] Elder, K. E. (2005), “Building Envelope”.  
 [3] Brock, L. (2005), “Designing the exterior wall : an architectural guide to the vertical 

envelope”.  
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of isolation by occupants. One of the building envelope functions is 

the aesthetic quality of the building in the outdoor environment as any 

building should has an attractive image to project it in the built 

environment. Both cost and impacts on local environment are 

considered effective pillars of building envelope functions [1]. 

 

2.4  Effects of Building Envelope on Sustainability of Buildings 

Building envelope effect on sustainability of buildings as it can affect 

environmental, functional, social and economic aspects of any building 

[2][3]. The following explanation describes each aspect in details: 

 

2.4.1 Environmental Effect of Building Envelope 

The sustainable building requests to reduce retro-gradation of 

environment and consumption of resources. In passive systems of 

sustainable buildings, building envelope is considered the most 

important parameter and largest size element which could affect both 

retro-gradation of environment and consumption of resources [4]. 

Building envelope is the connection between the outdoor environment 

and the indoor environment. It is the fundamental shield of indoor 

environment as it can control the rates of energy that are needed for 

mechanical heating and cooling of the indoor environment [ 5 ]. 

Throughout controlling the thermal potential of building envelope, the 

rates and levels of mechanical energy usage could be minimized. 

Building envelope could control the amount of heat gain which rolls in 

the indoor environment and heat loss in the outdoor environment[6].  

 

 
 [1] Leung, T. M., Chau, C. K., Lee, W. L., & Yik, F. W. H. (2005), “Willingness to pay for 

improved environmental performance of the building envelope of office buildings in Hong 

Kong”. P:147-156. 
 [2] Kibert, C. J. (2005), “Sustainable construction : green building design and delivery” 
[3] Lucuik, M., Trusty, W., Larsson, N., & Charette, R. (2005), “A Business Case for Green 

Buildings in Canada”. 
 [4] Manioglu, G., & Yilmaz, Z. (2006), “Economic evaluation of the building envelope and 

operation period of heating system in terms of thermal comfort”. P.266-272. 
 [5] Manioglu, G., & Yilmaz, Z. (2006). Ibid. 
 [6] Elder, K. E. (2005), “Building Envelope”.  
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Examples of how building envelope could control heat gain and loss 

by its characteristics are discussed as follows: 

- Elder (2005) stated that, the components of building envelope 

such as framing system could affect heat loss as when using 

metal stud framing system for walls, heat loss is doubled [1]. 

 

- Isolation of building envelope could minimize or maximize the 

cooling energy needed for indoor environment. Cheung et al. 

(2005) explained that by installing 100mm thick heat insulation 

on walls, the annual cooling energy needed could be minimized 

up to 19.4 % in a hot-humid climate. Generally in hot-humid 

climate, the more the thickness of insolation is used, the less 

the rates of cooling energy are required [2]. 

 

- Cheng et al 2005 stated that the color of building envelope 

could affect solar heat gain from the surrounding environment 

[3]. According to Cheung et al. (2005), the more bright the 

buildings envelope has, the lower the solar radiation is 

absorbed. If solar absorption is reduced by 30%, the annual 

energy needed for cooling will be reduced by 12.6% [4]. 

 

- Building envelope thermo-physical characteristics could affect 

indoor environment temperature by thermal regulation rules. 

As per the studies carried out by Wong (2003) and Cheung et 

al. (2005), Building envelope with light colors has the ability 

to reflect light better than the ones of dark colors and 

contributes to lower surface temperature of the façade. These 

characteristics of light color building envelop led to have 

comfortable temperature levels of indoor environment [ 5 ]. 

Another study examined by Oral and Yilmaz (2003) showed 

that the U-value of building envelope could affect the indoor 

 
 [1] Ibid. 
 [2] Cheung, C. K., Fuller, R. J., & Luther, M. B. (2005), “Energy-efficient envelope design for 

high-rise apartments”. P: 37. 
 [3] Ibid. P: 40. 
 [4] Ibid. P: 42. 
 [5]Cheung, C. K., Fuller, R. J., & Luther, M. B. (2005), “Energy-efficient envelope design for 

high-rise apartments”. P: 41. 
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thermal properties as it is considered to influence the heat 

transfer rate through the whole building [1].  

 

- Stansfield (2001) explained that glazing system is considered 

one of the most important components of building envelope as 

it is the barrier in which most heat gain and loss occur. The 

energy efficiency of the whole building depends on the energy 

efficiency of glazing system of building envelope. When 

improving energy efficiency of glazing system, the energy 

efficiency of the building is increased. In field study performed 

by Stansfield (2001), the glazing system of proposed building 

envelope was replaced by a single layer EvergreenTM with a 

reflective coating which led to decrease the annual cooling 

energy by 4.6% and peak cooling load by 5.4% [2]. 

 

- According to Cheung et al. (2005), shading devices used in 

building envelope could affect heat gain and energy 

consumption of buildings. Cheung et al. (2005) stated that the 

longer the shading device, the greater the decrease of both 

needed annual cooling energy and peak cooling load. Based on 

the study carried out by Cheung et al. (2005), if building 

envelope has a shading device of 500 mm over hang long, the 

building will save approximately 100kw/year [3].  

 

- In 1986, Rush & American Institute of Architects any building 

has to provide six performance delegations which are spatial 

Performance, thermal performance, acoustical performance, 

building integrity performance,  indoor air quality performance 

and visual performance [4].   
 

2.4.2 Functional Effect of Building Envelope 

Buildings mainly are built to fulfill the needs of its users so function 

of occupants which will be performed in building spaces is very 

important aspect. Building envelope works as a filter which provide 

 
 [1] Oral, G. K., & Yilmaz, Z. (2003), “Building Form for cold climate zones related to building 

envelope fromheating energy conservation point of view”. P:  383-388. 
 [2] Stansfield, K. (2001), “Whole-life performance of facades”. P: 15-17. 
 [3] Cheung, C. K., Fuller, R. J., & Luther, M. B. (2005), “Energy-efficient envelope design for 

high-rise apartments”. P: 43. 
 [4] Rush, R. D., & American Institute of Architects. (1986), “The Building systems integration 

handbook”. 
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safe and secure for occupants and protect indoor environment from any 

harmful and non-preferable issues comes from outdoor surroundings 

[1 ]. Building envelope can help other building systems in order to 

handle and manage the overall building performance. Elder stated that, 

“without a good understanding of how the envelope performs, a 

complete understanding of the interactive relationships of lighting and 

mechanical systems cannot be obtained” [ 2 ]. So overall building 

performance depends on how building envelope is designed to 

integrate and interact with other building systems such as mechanical 

systems, interior systems, structural systems, etc [3]. 

 

2.4.3 Social Effect of Building Envelope 

One of the most important factors of sustainable building is achieving 

healthy and comfortable indoor environment. The definition of 

comfort proposed by Unver et al. (2003) defines it as it is the way 

which allows occupants to perform their functions and needs in indoor 

environment easily for long period of time [4]. Building envelope is an 

important factor to provide this condition of social comfort because it 

is considered as barrier which can protect indoor from the harmful 

exposure to outdoor[5].  
 

2.4.4 Economic Effect of Building Envelope 

As stated in the Centre for Window and Cladding Technology (1994), 

the building envelope is the single largest cost in the construction of 

many buildings so the role of building envelope on the building’s 

overall initial costs is significant. The maintenance of building 

envelope components has a great effect on financial cost in the life 

cycle of building cost as it uses large amounts of materials. Therefore, 

the use of energy of extraction, manufacturing, transporting, installing 

and disposing needed for each of the building envelope components 

 
 [1] Mary, G. (2010), “Towards Zero Energy Architecture–New Solar Design”. p 124-127. 
 [2]Elder, K. E. (2005), “Building Envelope”.  
 [3] Kunzel, H. M., Holm, A., Zirkelbach, D., & Karagiozis, A. N. (2005), :Simulation of Indoor 

Temperature and Humidity Conditions Including Hygrothermal Interactions with the Building 

Envelope”. P: 554-561. 
 [4] Unver, R., Ozturk, L., Adiguzel, S., & Celik, O. (2003), “Effect of The Facade Alternatives 

on The Daylight Illuminance in Offices”. P: 737-746. 
 [5] Wong, N. H. (2003), “Thermal Performance of Façade Materials and Design and the Impact 

on Indoor and Outdoor Environment”. 
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are beginning to be included in the life cycle cost analysis as an 

environmental cost. 
 

On another point of view, building envelope could affect the 

investment returns directly because the building envelope reflects the 

visual image and aesthetic quality to indicate level of welfare of the 

building which is useful in marketing the whole building. Owners and 

developers tend to construct building with high marketing value in 

order to compete in the real estate market [1].    
 

2.5 The Role of Building Envelope in Achieving Thermal 

Comfort 

 

The American Society of Heating Refrigerating and Air-Conditioning 

Engineers “ASHRAE-55” (2004) define thermal comfort as the state 

of mind in humans that expresses satisfaction with the surrounding 

environment [2]. This definition agrees with the proposed one by World 

Health Organization “WHO” (2012) [ 3 ] which stated that the 

satisfaction with room humidity, indoor air circulation, temperature 

and an adequate balance between the perception of warm and cold, as 

well as dry and damp indoor air. Thermal discomfort arises from any 

condition contrary to this balance condition. 

 

The dominant key for the quality of indoor environment is thermal 

comfort whereas thermal comfort is an index which indicates to good 

indoor quality. According to the study performed by Appah and 

Korantengin (2012), in architectural spaces, humans need to preserve 

the individual internal body temperature of around 37ºC which humans 

can perform their activities in sufficient levels [4].  

  

Generally, comfort perception differs between humans as it is a 

subjective state depends on the personality and feelings of each 

 
 [1] Schwartz, J., & Kayll, D. G. (2005), “Building Envelope Performance: What to Expect 

when You are Expecting”. 
 [ 2 ] ASHRAE-55 (2004), “Thermal Environmental Conditions for Human Occupancy. A 
Fundamental Handbook of the American Society of Heating”. 
 [3] WHO (2012) A World Health Organisation Newsletter (2012), symposium on ‘Housing 

and Health’. 
 [4] Appah-Dankyi, J. and Koranteng, C. (2012), “An Assessment of Thermal Comfort in a 

Warm and Humid School Building at Accra, Ghana”. P: 535-547. 
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occupant of the architectural space [1],[2],[3]. It is the sum of many 

components consists of firstly environmental variables found in the 

building such as mean radiant temperature, relative humidity, air 

velocity and indoor air temperature and secondly physiological 

variables Such as Clothing Insulation and Metabolic Heat Production 

Rate. There are more variables could affect comfort perception for 

humans which is separately categorized into time of year, location, 

culture, health status and percentage of fat in an individual [4].  

Finding a common comfort range is an attractive subject which has a 

great concern for researches for a long time. As per Ward ( 2004) 

Explanation of thermal comfort, humans feel the surrounding 

environment is thermally comfort when thermal neutrality presents or 

in other words there is no thermal discomfort exists [5]. The thermal 

discomfort state occurs when humans feel cold or hot because of there 

is no thermal neutrality in indoor environment. Human's perception of 

thermal comfort is particularly influenced by building envelope 

components and properties. 

 

Studies investigated by Torben and Peter (2010) concluded that the 

climatic state under which humans are most comfortable and can 

perform their activities well is around temperature degrees of 

22ºC±2ºC for either while resting or work conditions [6]. However, for 

buildings in tropic climates it could be have a wider range when 

considering adaptive comfort approach as according to researches 

performed by Kayode and Folorunso (2004) for studying frequency 

distribution of air temperatures and comfort votes in Lagos, Nigeria, 

the ranges of the comfortably cool temperatures lies between 24ºC and 

26ºC, while the comfortably warm temperatures lies between 28ºC and 

30ºC [7]. 

 

 
 [1] Bill, W. and Randall, T. (2000), “Comfort Health and Environmental Physics In: Randall”. 
[2] Thomas, Max Fordhain & Partners (eds) (2013), “Environmental Design: An Introduction 

for Architect and Engineers”. P: 7-14. 
[3] Phil, J. (2012), “Thermal Environment In: David Littlefield (ed) Metric Handbook Planning 

and Design Data”. P: 15-18. 
 [4] Thi, T.T.C. (2011), “Investigating Thermal Properties of Facades for Thermal Comfort and 

Energy Efficiency of High Rise Residential Buildings in Singapore”.  
 [5] Ward, I.C. (2004), “Energy and environmental issues for the practising architect: a guide 

to help at the initial design stage”. P: 30. 
 [6] Torben, D. and Peter, S. (2010), “Introductory Note In: Torben Dahl (ed) Human Comfort 

in Climate and Architecture”. P:  23-33. 
 [7] Kayode Komolafe, L & O. A. Akingbade, Folorunso. (2004), “Analysis of thermal comfort 

in Lagos, Nigeria”. Global Journal of Environmental Sciences. 
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2.6 Thermal Performance 

Energy utilization in buildings is affected by many aspects; one of the 

most important aspects is the thermal performance. It is essential to 

predict the thermal performance of building envelope through heat 

transfer mechanisms for both enhancing the indoor environment 

conditions using HVAC and estimating heating and cooling loads[1]. 

In this section, the study will focus on the concept of thermal 

performance and its effect on energy consumption and the different 

mechanisms of thermal transfer through building envelope. 

 

2.6.1 Definition of Thermal Performance 

Thermal performance of any building depends on the difference of 

temperature between the indoor environment in the building and the 

outdoor environment from surroundings. Temperature difference 

could be considered as the main core of heat flow which is responsible 

for the thermal quality of the building indoor environment. Thermal 

performance is defined as “the process of modeling the energy transfer 

between a building and its surroundings”[2]. 

 

2.6.2 Impact of Thermal Performance on Energy Consumption 

Thermal performance of building envelope is associated with the 

energy consumption[3]. Energy consumption depends on heat transfer 

through building envelope components such as walls, windows, doors, 

etc. which forms the heat gain and loss conditions in the indoor 

environment so that it is considered the most important factor 

influencing thermal performance[4]. Both heating and cooling energy 

consumption are affected by many factors but the most important 

factor is the heat transfer coefficient of wall, followed by the building 

shape coefficient[5]. 

 
[1] Zain, Zainazlan; Taib, Mohd and Baki, Shahrizam (2007), “Hot and humid climate: prospect 

for thermal comfort in residential building”.  
[2] Nayak, J.K. and Prajapati, J.A. (2006), “Handbook on energy conscious buildings”.  
[3] Ghisi, Enedir and Massignani, Ricardo (2007), “Thermal performance of bedrooms in a 

multi-storey residential building in southern Brazil”, P: 730–742. 
[4] Lars S. S. (2013), “Heat Transmission Coefficient Measurements in Buildings 

Utilizing a Heat Loss Measuring Device”. P: 3601-3614. 
[5] Yu, Jinghua; Xu, Xinhua and Tian, Liwei (2011), “Effect of Envelope Design on Energy 

Consumption Respect to EETP Index”. 
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2.7 Thermal Transfer Mechanism 

Heat as one of the energy forms could be transferred between different 

objects due to the difference in temperature. The direction of heat 

transfer flows always from the objects of hotter temperature to the 

objects of the cooler temperature[ 1 ]. Conduction, convection and 

radiation are three mechanisms used in the passive solar buildings to 

manage and control the heat transfer through the indoor 

environment[2]. (see fig. 2-1) 

 

 

 

 

 

 

 

 

 

Figure 2-1 Heat transfer mechanisms 

Source: Kuznik F. et al. (2015), “Integrating phase change materials (PCMs) in 

thermal energy storage systems for buildings”. 

 

2.8 Factors Affecting Thermal Performance of Buildings 

A large number of factors could affect the thermal performance of a 

building. These factors where summarized as design variables, weather 

data, material properties and Building Occupancy and Operations[3]. 

These variables will be clarified as follows (see fig. 2-2): 

 
[1] Roos, Carolyn (2008), “Principles of Heat Transfer, Energy Efficiency Factsheet”. 
[ 2 ] National Renewable Energy Laboratory ‘NREL’ (2006), “Zero Energy Buildings: A 

Critical Look at the Definition, ACEEE Summer Study” 
[3] Nayak, J.K. and Prajapati, J.A. (2006), “Handbook on energy conscious buildings”. 

https://www.sciencedirect.com/science/article/pii/B9781782420880500134#!
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Figure 2-2 Factors affecting thermal performance of buildings 

Source: Author. 

 

2.9 Thermal Balance of Buildings 

Heat transfer between buildings and environment which indicates to 

thermal performance of buildings is the main key to achieve thermal 

balance. The overall thermal transfer value OTTV is theorized as a 

measure of the amount of heat transfer from outside to the indoor 

environment through the external building envelope. Conduction 

through an opaque surface, conduction through glass window, solar 

radiation through glass window, the air exchange via ventilation or 

infiltration and the internal heat gains, are components of the heat gain 

which are responsible for thermal performance[1]. Thermal balance 

occurs when heat loss is equal heat gain from the different sources 

(conduction, ventilation, solar and internal gain). The sources of heat 

gain and loss will be discussed in this section (see fig. 2-3). 

 

 
[1] Nikpour, Mansour; Zin kandar, Mohd; Ghasemi, Mohsen and Fallah, Hossein (2011), 

“Study of the Effectiveness of Solar Heat Gain and Day light Factors on Minimizing 

Electricity Use in High rise Buildings”. P: 73- 77. 
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Figure 2-3 Factors affecting thermal balance of buildings. 

Source: Author. 

 

2.10 Heat Regulation in Nature 

Organisms and creatures in different nature systems use many ways to 

achieve appropriate thermal performance for adapting with the 

surrounding climate conditions. Either Nature or buildings try to 

provide a suitable temperature for occupant comfort.  Both natural 

systems and buildings face the same challenges in terms of heat 

regulation. Nature uses many strategies and mechanisms for heat gain, 

dissipation, prevention and retention[1],[2] (see fig. 2-4). 

 

 

 

 

 

 

Figure 2-4 Heat Regulation in Nature. 

Source: Lidia B. (2015), “A Biophysical Framework of Heat Regulation Strategies for 

the Design of Biomimetic Building Envelopes”. P: 4. 

 

 

 
[1] Schmidt-Nielsen, K., (2007), “Animal physiology: adaptation and environment”.  
[2] Simonis, P., et al. (2014), “Radiative contribution to thermal conductance in animal furs 

and other woolly insulators” P: 40-51. 
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2.11 Nature Based Framework for Heat Regulation 

The previous heat regulation strategies which are found in nature could 

be presented in systematic framework. The framework concentrates on 

how organisms use different processes to adapt and carry out their 

functions in terms of heat regulation. The purpose of this framework 

is to search for any possible methodologies for the design solutions. It 

represents the relationship between thermoregulation in building and 

nature. It is divided into four main categories which are functions 

which represent the challenges of heat regulation in buildings, 

processes which represent different ways for design solutions, factors 

which represent properties of buildings components and pinnacles 

which represent the examples of various organisms and systems[1]. 

In nature organisms managed to solve the equation between heat gain 

and loss for providing a sufficient heat regulation balance without any 

conflict. Organisms use different methodologies to control the heat 

gain, retention, dissipation and prevention which are accomplished by 

physiological, behavioral, and morphological means. The 

understanding of heat regulation in nature leads to more capabilities 

for enhancing thermal performance. The study of heat regulations in 

nature presented in the following framework which focuses on various 

strategies for heat solutions which used by organisms[2] (see fig. 2-5). 

 

 

 

 

 
[1] Badarnah, Lidia.(2015), “A Biophysical Framework of Heat Regulation Strategies for the 

Design of Biomimetic Building Envelopes”.  
[2] Ibid. 
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Figure 2-5 Nature based framework for heat regulation 

Source: Lidia B. (2015), “A Biophysical Framework of Heat Regulation Strategies for 

the Design of Biomimetic Building Envelopes”. P: 8. 
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2.12 Summary 

Building envelope is the defense line of indoor environment in the 

inevitable confrontation with the surrounding outdoor environment. It 

is essential to guarantee and control the quality of indoor environment. 

It has various functions which affect the whole building such as 

providing sufficient rates of solar, thermal, fire resistance, acoustic, 

moisture level and indoor air quality. There are also impacts of 

building envelope which derive the sustainability of buildings. These 

impacts could be categorized in environmental, functional, social and 

economic impacts. Building envelope is a primary factor in achieving 

thermal comfort for the quality of indoor environment of buildings. 

 

Thermal performance is the formulation of energy transfer between 

both indoor and outdoor environments. It has a great impact on energy 

consumption in buildings as it can manipulate on different and 

essential aspects of buildings. There are different mechanisms for 

thermal performance which are conduction, convection and radiation. 

Thermal performance of buildings has many factors which manipulate 

in its rates such as design variables, material properties, climatic 

factors and finally building occupancy and operations. Each building 

has a state of thermal balance depending on five pillars that formulate 

the comfortable state of balance. The five pillars could be categorized 

as envelope thermal transfer value, heat transfer rate via ventilation, 

building’s solar heat gain, building’s internal heat gain and evaporation 

heat loss. In nature, organisms perform many strategies to manage 

thermal performance through its body.  

The natural strategies are used for heat gain, dissipation, prevention 

and retention indicate that thermal performance is a fundamental factor 

of life for each organism in nature and as well buildings and built 

indoor environment. Organisms in nature managed to formulate their 

abilities in order to reach the thermal balance state which is essential 

to survive in harsh environmental conditions.  

The studying and understanding for heat regulation in nature occurs by 

organism strategies led to find innovative solutions for building to 

control thermal performance for achieving thermal comfort rates. The 

inspiration of nature strategies depends on the main idea of biophilia 

effect between human and nature. It is important to understand well 

this relation between human and nature in order to generate successful 
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solutions for thermal performance in buildings, so the next chapter will 

be focused on biophilia effect. 

 

2.13 Conclusion 

Building envelope is the shield of buildings against outer 

circumstances. Sustainability of buildings depends on building 

envelope effects such as environmental, social, functional, and 

economic effects. Thermal balance, one of the recognized 

environmental effects of building envelope on sustainability, could be 

achieved in buildings by controlling thermal performance of building 

envelope. There are many factors could be used by architects to 

maximize the use of thermal performance such as design variables, 

material properties, climatic factors, and building occupancy. The 

research concentrates on design variables of building envelope to use 

for enhancing thermal performance of building envelope (see fig. 2-6).  
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Figure 2-6 Chapter Two Conclusions 

Source: Author. 

 

 





 

38 

 

 

 

 

 

 

 
 

 

 
Chapter Three 

Biomimicry In Architecture 
 

 

 

 

 

 
 

 

 

 

 

 

 

 





 

39 

 

 

 

 

 

 

 

 

 

 



 

40 

 

Chapter Three 

 
Biomimicry In Architecture 

 

Chapter Three 

Biomimicry in Architecture 
 

3.1 Introduction 

In this chapter, the research concentrates on biophilia effect, biophilic 

design patterns and qualities. One of biophilic design patterns, 

Biomimicry, depends on the inspiration from nature to solve problems. 

Biomimicry has many approaches and levels which architects could 

use to solve many environmental problems. Biomimicry applications 

could be used in architecture through inspiration from three sources 

which are forms of natural organisms, forms of structures in nature, 

and materials owned by natural organism. The research presented 

many design strategies are inspired from biomimicry.  

 

3.2 Biophilia Effect Definition  

Biophilia effect is “the effect that describes the link between nature 

and humans which is an innate and genetically determined affinity of 

human beings with the natural world”[1]. According to E.O. Wilson 

(1984) [2], Biophilia meaning implies that human beings love nature by 

instinct. Human beings as biological beings are in need of nature to 

afford and improve their emotional and physical health. By 

understanding the concept of biophilia effect in nature many natural 

phenomena could be explained such as how human beings admire 

crashing waves and crackling fires, how creativity could be enhanced 

by garden view, how heights and shadows can imply fear feeling[3].  

 

3.2.1 Preceding Studies of Biophilia Effect  

Biophilia effect has been studied by many scientific researches in the 

last decades. In 2013, Dr. George M. and Susana M. carried out a study 

about how different factors such as health, psycology, economics, and 

conservation could affect the link between wellbeing and 

environmental aspects. The study was carried out through self-reported 

 
[1] https://en.oxforddictionaries.com. Last accessed 20th November, 2019. 
[2]

 Wilson E. O. (1984), “Biophilia”. 
[3] Kellert, S., Heerwagen, J., Mador, M. (Ed.). (2008), “Biophilic Design: The Theory, Science 

and Practice of Bringing Buildings to Life”. 
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responses of more than 20,000 participants within the UK and abroad. 

The results of the study indicate that participants are significantly and 

substantially happier outdoors in all green or natural habitat types than 

they are in urban environments[1]. 

Another important study was carried out by Elzeyadi I. (2017) revealed 

that “Workers in offices with poor ratings of light quality and in offices 

with poorer views used significantly more sick leave hours. Taken 

together, the two variables explained 6.5% of the variation in sick 

leave use, which was statistically significant. The implications of these 

findings are huge when one considers productivity and health 

insurance costs these sick leave hours can affect to an organization”[2]. 

Many questions from clients and designers arise about how to achieve 

the relation between nature and built environments. They ask about the 

best strategy to present this relation and wonder if this strategy may 

proceed with installations of real nature or mimic with reproduced 

objects and images from nature. Several studies by Salingaros N. et al. 

(2008)[3], Biederman I. and Vessel E. (2006)[4], Kellert S. (2005)[5], 

Harris K. (2012)[6], and Browning W. et al. (2012)[7]. The previous 

studies revealed the empirical findings on psychological advantages of 

natural environments and environments mimicking their geometrical 

qualities on human wellbeing. 

 

 

3.2.2 Qualities of Biophilia Effect  

Biologist Boyden S. (1971) made many researches in the field of 

natural environment effect and defines the optimum healthy 

environment as “the conditions, which tend to "promote or permit the 

optimal physiological, mental, and social performance in its natural or 

 
[1] George, M., Susana M. (2013), “Happiness is Greater in Natural Environments”. P: 992-

1000 
[2] Elzeyadi I. (2019), “Daylighting-Bias and Biophilia: Quantifying the Impact of Daylighting 

on OccupantsHealth”. 
[3] Salingaros, N., Masden, K. Neuroscience. (2008), “The Natural Environment, and Building 

Design. In Kellert, Stephen R., Heerwagen, Judith and Mador, Martin (Ed.), Biophilic Design: 

The Theory, Science and Practice of Bringing Buildings to Life”. P: 59-83. 
[4] Biederman, I. & Vessel, E. A. (2006), “ Perceptual Pleasure and the Brain”. P: 247-253.  
[ 5 ] Kellert, S. (2005), “Building for life: Understanding and designing the human-nature 

connection”. 2005.   
[6] Harries, K. (2012), “The Ethical Function of Architecture”. 
[7] Browning, W. D., Kallianpurkar, N., Ryan, C. O., Labruto, L., Watson, S., Knop, T. (2012),  

“The Economics of Biophilia”. 

https://www.sciencedirect.com/science/article/abs/pii/S0959378013000575?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0959378013000575?via%3Dihub#!
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'evolutionary' environment”[1].  According to Boyden’s point of view, 

environments need to fully satisfy both "survival needs" and "well-

being needs". Boyden S. (1971) determined the criteria that should be 

forwarded to satisfy these needs in the built environment as the 

following[2]: 

a. Think beyond survival to well-being  

b. Build on "primitive preferences" and connections to Nature  

c. Design for the senses as well as the body.  

According to the studies of Salingaros et al. (2008) in this field, the 

presence of these qualities in the environment is very important for 

people because it strengthens both the sense of belonging and 

wellbeing and the feeling of existing as a main source of "neurological 

nourishment"[3]. The strategy of the neurological nourishment was 

revealed by neurological studies. The most important conclusion from 

these studies was that human have an innate nostalgia for certain type 

of information that is connected with the brain’s pleasure centers, 

which from other side has an effect on the dominance of reduction of 

pain[4]. 

 

3.3 Biophilic Design Concept 

E. O. Wilson (1984) developed the concept of biophilic design and 

explained it as “an acknowledged the advantages of forms inspired by 

biological structures, but in a more profound way than simple 

mimicry”[ 5 ]. According to William B. et al. (2014), patterns of 

biophilic design are presented according to the ability of supporting 

Cognitive performance, stress reduction, emotion and mood 

enhancement and human body wellbeing[6]. The proposed ideas of E. 

O. Wilson were developed and connected with the architectural design 

by cooperation between Kellert, S. et al. (2008) in a book named 

“Biophilic Design” in which Kellert, S. et al. explained the relation 

 
[1] Boyden S., (1971), “Biological Determinants of Optimal Health in The Human Biology of 

Environmental Change by D.J.M. Vorster (Ed.)”.  
[2] Ibid. 
[3] Salingaros, N., Masden, K. Neuroscience. (2008), “The Natural Environment, and Building 

Design. In Kellert, Stephen R., Heerwagen, Judith and Mador, Martin (Ed.), Biophilic Design: 

The Theory, Science and Practice of Bringing Buildings to Life”. P: 59-83. 
[4] Biederman, I. & Vessel, E. A. (2006), “ Perceptual Pleasure and the Brain”. P: 247-253. 
[5] Wilson E. O. (1984), “Biophilia”. 
[6] William B., Catherine R., Joseph C. (2014), “14 Patterns of Biophilic Design, Terrapin 

Bright Green”. P: 9-12.  
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between biophilia and design. According to Kellert, S. et al. (2008), 

there are several concepts and suggestions of qualities and 

characteristics of spaces which could satisfy the human needs to 

associate with Nature. The main Concept which Kellert S. et al. (2008) 

suggested was the qualities of biophilic design which form and indicate 

to the biophilia effect in the built environment. Kellert S. et al. (2008) 

defined the biophilic design qualities as follows[1]:   

a. Prospect: brightness, wide horizons, or ability to see into a 

distance.  

b. Refuge: sense of enclosure and shelter with canopy effect or 

branch-like forms overhead.  

c. Livability and movement: with real moving water or reflecting 

surfaces.  

d. Biodiversity: vegetation elements or symbolic representation 

of them (trees, plants, or flowers).  

e. Sensory variability (or ephemeral qualities of space): changes 

and variability in environmental color, temperature, air 

movement, light, texture…etc.  

f. Fractals: self-similarity, natural patterns or cycles, hierarchal 

characteristics.  

g. Sense of playfulness: elements that aim at delight, surprise, or 

dazzle.  

h. Enticement: complexity and richness of details to be seen, or 

gradual openness of views.  

 

3.4 Patterns of Biophilic Design 

According to Kellert S. et al. (2008) studies of biophilic design, 

biophilic design effect on human health and performance as it can 

minimize stress, improve cognitive function, wellbeing, accelerate 

healing and creativity. Biophilic design could be formulated in a 

framework for promoting the corporation between qualities and 

strategies of it in the built environment. In biophilic design framework, 

biophilic design could be classified in three main categories which are: 

Nature in the Space, Natural Analogues, and Nature of the Space[2]. 

 
[1] Kellert, S., Heerwagen, J., Mador, M. (Ed.). (2008), “Biophilic Design: The Theory, Science 

and Practice of Bringing Buildings to Life”. 
[2] William B., Catherine R., Joseph C. (2014), “14 Patterns of Biophilic Design, Terrapin 

Bright Green”. P: 9-12.  
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Each group contains patterns of biophilic design which could be 

fulfilled in the built environment (see fig. 3-1). 

 

 

 

 

 

 

 

 

 

Figure 3-1 Patterns of Biophilic Design 

Source: Author. 

 

3.4.1 Nature in the Space  

This category represents the physical, direct and ephemeral presence 

of nature in space. This presence could be achieved by various 

elements such as water, animals, plant life, sounds, breezes and any 

other natural elements. The implementation of this category could 

appear in many forms such as potted plants, butterfly gardens, 

fountains, flowerbeds, aquariums, green walls, courtyard gardens, 

vegetated roofs and water features. The designer can provide the 

building with a strong nature in space experience when he provide his 

design with the creation of direct and meaningful connections with 

natural elements specially through variety movement and multi-

sensory interactions. Nature in the Space category includes seven 

biophilic design patterns as follows:  

• Visual Connection with Nature: A view to elements of nature, 

living systems and natural processes.  

• Non-Visual Connection with Nature: Auditory, haptic, 

olfactory, or gustatory stimuli that engender a deliberate and 

Biophilic Design Patterns 

Nature in The Space 

Visual Connection with 
Nature
Non-Visual Connection 
with Nature
Non-Rhythmic Sensory 
Stimuli
Thermal & Airflow 
Variability

Presence of Water

Dynamic & Diffuse 
Light
Connection with 
Natural Systems

Natural Analogues 

Biomorphic Forms & 
Patterns
Material Connection 
with Nature

Complexity & Order

Nature of The Space 

Prospect

Refuge

Mystery

Risk/Peril
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positive reference to nature, living systems or natural 

processes.  

• Non-Rhythmic Sensory Stimuli: Stochastic and ephemeral 

connections with nature that may be analyzed statistically but 

may not be predicted precisely.  

• Thermal & Airflow Variability: Subtle changes in air 

temperature, relative humidity, airflow across the skin, and 

surface temperatures that mimic natural environments.  

• Presence of Water: A condition that enhances the experience 

of a place through seeing, hearing or touching water.  

• Dynamic & Diffuse Light: Leverages varying intensities of 

light and shadow that change over time to create conditions that 

occur in nature.  

• Connection with Natural Systems: Awareness of natural 

processes, especially seasonal and temporal changes 

characteristic of a healthy ecosystem.  

 

3.4.2 Natural Analogues  

This category represents organic, indirect and non-living evocations of 

nature. This presence could be achieved by various elements such as 

shapes, objects, sequences, patterns, colors and materials found in 

nature. These elements could be found in the built environment as 

furniture with organic shapes, artwork from shells and leaves, textiles 

with natural materials and ornamentations. All these elements 

represent the indirect connection with nature while in fact they are only 

analogous of the items in their ‘natural’ state. The strongest Natural 

Analogue experiences are achieved by providing information richness 

in an organized and sometimes evolving manner. Natural Analogues 

category includes three patterns of biophilic design as follows:  

• Biomorphic Forms & Patterns: Symbolic references to 

contoured, patterned, textured or numerical arrangements that 

persist in nature.  

• Material Connection with Nature: Materials and elements from 

nature that, through minimal processing, reflect the local 

ecology or geology and create a distinct sense of place.  

• Complexity & Order: Rich sensory information that adheres to 

a spatial hierarchy similar to those encountered in nature. 
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3.4.3 Nature of the Space  

This category represents spatial configuration in nature. This presence 

could be achieved by our innate and desire to be able to see beyond the 

environment around us such as when we are fascinated with the 

slightly dangerous or unknown or views and blocks of revelation or 

even the fear feelings. The cooperation between spatial configurations 

and with patterns of Nature in the Space and Natural Analogues 

enhances nature of space experiences. Nature of space category 

includes four patterns of biophilic design as follows:  

• Prospect: An unimpeded view over a distance, for surveillance 

and planning.  

• Refuge: A place for withdrawal from environmental conditions 

or the main flow of activity, in which the individual is protected 

from behind and overhead.  

• Mystery: The promise of more information, achieved through 

partially obscured views or other sensory devices that entice 

the individual to travel deeper into the environment.  

• Risk/Peril: An identifiable threat coupled with a reliable 

safeguard. 

 

3.5 Biomimicry Concept 

In architecture, concepts and ideas could be derived from many 

sources. One of the most important sources is inspiration from nature. 

Biology, biochemistry, pharmaceuticals, and material scientists use the 

term biomimicry to represent the process of inspiration from nature. 

All these fields seek for properties in natural systems and living 

organisms which can serve as inspiration sources according to 

scientist's observations and analysis. Scientists transform the analysis 

of living organisms' properties to practical product in many fields such 

as industrial, biological and medical products. However it is not 

considered as a new source of concepts and ideas in architecture as it 

has been used for many times, but it can be considered a new approach 

to implement the inspiration from nature. 

 

Biomimicry is the examination of nature, its models, systems, 

processes, and elements to emulate or take inspiration from in order to 

solve human problems. The term biomimicry and biomimetic come 

from the Greek words bios, meaning life, and mimesis, meaning to 

http://en.wikipedia.org/wiki/Mimesis
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imitate. Other terms often used such as bionics, bio-inspiration, and 

biogenesis[1]. 

 

In information technology age, biomimicry as a design approach 

indicates to the re-examination of nature using new digital tools of 

technology and science. However, it is very important to discuss the 

history of using biomimicry in architectural design. Before the word 

biomimetic existed, Joseph Paxton had used biomimicry in his 

induction from water lilies. He noticed the leaf structure of water lilies 

and concluded that it has a radial structure with cantilever system. 

Dennis D. (2005) developed an architectural system of furrows and 

ridges which was like a self-reinforced truss in order to form the frame 

of Chatsworth’s great greenhouse[2]. 

 

Although many forms of biomimicry as an architectural design method 

are discussed by researchers and professionals in sustainable 

architecture field[3],[4 ], the practical application of biomimicry still 

largely unrealized, as demonstrated by the small number of built case 

studies[ 5 ]. While many designers and scientists use biomimicry 

specifically as a method to maximize the sustainability of what they 

have created, biomimicry is also used in many cases as a source of 

novel innovation[6],[7].  

 

3.5.1 Approaches to Biomimicry 

Design Approaches which use biomimicry as a design methodology 

could be categorized into two main categories. The first category calls 

for defining human needs in spaces or indicate the design problem then 

seeks to the way living organisms or natural systems use to solve 

environmental problems. The first category could be termed as design 

looking to biology. The second category calls for recognizing 

behavior, function and characteristics in an organism or ecosystem 

then use the projection of these acts into architectural design to achieve 

 
[1]http://environment-ecology.com. 
[2]Dennis Dollens, (2005), “Toward Biomimetic Architecture”.  
[3] Reed, B. (2006), “Shifting our Mental Model - “Sustainability” to Regeneration”. 
[4] Berkebile, B. (2007), “Master Speaker Address. Living Future Conference”.  
[5] Faludi, J. (2005), “Biomimicry for Green Design (A How To) World Changing”. 
[6] Baumeister, D. (2007), “Evolution of the Life's Principles Butterfly Diagram”. 
[7] Reap, J., Baumeister, D. & Bras, B. (2005), “Holism, Biomimicry and Sustainable 

Engineering”. 
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its benefits. The second category could be termed as biology 

influencing design[1]. 

 

3.5.1.1  First Approach: Design looking to biology 

In this approach, designers search in the surrounding nature in order to 

find solutions which are required in the design process. Foremost, 

Designers should identify the existing problems then biologists tend to 

find the suitable treatment of a living organism or natural system that 

treats similar problems. Designers identifying initial goals and 

parameters for the design from early stages of design process use this 

approach effectively (see fig. 3-2). 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3-2 Design Spiral for Design Looking to Biology Approach 

Source: John Y. (2011), “Biomimetic Building Skin: A Phenomenological Approach 

Using Tree Bark As Model”. P: 3. 

 

 Daimler Chrysler’s prototype Bionic Car design uses this approach in 

the designing process. The designers were looking for a car with large 

volume and small wheels. They search in the living world and found 

the box fish (ostracion meleagris) which a surprisingly aerodynamic 

fish is given its box like shape. Designers built the chassis and structure 

of the car by biomimicry concept inspired from boxfish using 

computer applications[2] (see fig. 3-3). 

 
[1] Biomimicry Guild (2007), “Innovation Inspired by Nature Work Book”. 

 
[2] Vincent, J. F. V., et al. (2006), “Biomimetics - its practice  and theory”. 
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Figure 3-3 Daimler Crysler bionic car. 

Source:  Phil R. (2010), “Fitness for the Future: Applying Biomimetics for Business 

Strategy”. P: 57. 

 

3.5.1.2  Second Approach: Biology Influencing Design 

In this approach designers search for solutions by understanding and 

defining the characteristics of natural organisms or ecosystem 

behavior, life principles and composition in order to find main 

guidelines for successful natural treatments. In design process, 

designers tend to apply this guideline in their designs to have similar 

results (see fig. 3-4).  

 

 

 

 

 

 

 

 

 

 

 
Figure 3-4 Design Spiral for Biology Influencing Design 

Source: Hanaa L. (2009), “Biomimetic Architecture”. P: 6. 

 

 

One of the most important examples of the use of this approach is the 

analysis of lotus flower self-cleaning strategy. The scientific analysis 

of how lotus flower always has a clean surface and how it resists dirty 

from swampy water from surrounding environment. Designers use 

these characteristics of lotus flower surface as an inspiration source to 

produce lotusan paints which enables building to be having self-

cleaning walls[1] (see fig. 3-5). 

 
[1] Baumeister, D. (2007), “ Biomimicry Presentation at the University of Washington 

College of Architecture”.  
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Figure 3-5 Lotus Inspired Lotusan Paint 

Source: Pedersen Zari, M. (2007), “Biomimetic Approaches to Architecture”.P: 3. 

 

3.5.2 Biomimicry Levels 

Biomimicry has three levels which may be used in solving design 

problems within the two approaches of biomimicry discussed before. 

The three levels of biomimicry are organic level, behavior level and 

ecosystem level. Many researches have been done in this field to 

identify the differences between the three levels of biomimicry and 

maximize the capabilities and potentials of biomimicry as a design 

methodology to improve the sustainability and optimize the solutions 

in the built environment. The three levels of biomimicry could be 

clarified through the framework for biomimicry applications. This 

framework is useful for both design looking to biology and biology 

influencing design approaches[1].In biomimicry level framework, each 

level is described in terms of five indicators which are connected to the 

level principle. According to the framework, the design could be 

mimicked in terms of what it looks like (form), what it is made out of 

(material), how it is made (construction), how it works (process) or 

what it is able to do (function). 

 

3.5.2.1 Organism Level (Nature as Model) 

This level of biomimicry indicates to the organism itself as biomimicry 

could be inspired by mimicking a part of the organism or the whole 

organism[2]. The living organisms’ species in nature represent evolving 

generations which have been passed various evolving periods for 

millions of years. Now those generations found in nature already have 

the survival strategies which developed and adapted through the time 

to resist environmental circumstances through ages (see tab. 3-1). 

 

 

 
[1] Biomimicry Guild (2007), “Innovation Inspired by Nature Work Book”. 

 
[2] Pedersen Zari, M. (2007), “Biomimetic Approaches to Architecture”.P: 4. 
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Table 3-1 Biomimicry Levels Framework. 

Source: Pedersen Zari, M. (2007), “Biomimetic Approaches to Architecture”.P: 3. 

 

As Baumeister D. (2007) stated “the research and development has 

been done”[1]. Therefore, designers have a huge umbrella of examples 

to pick solutions from it in order to solve problems experienced by 

society that organisms may have already addressed before and 

succeeded in solving it. This concept helps designers especially for 

 
[1] Baumeister, D. (2007), “ Biomimicry Presentation at the University of Washington College 

of Architecture”. 
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climate change solutions and understanding the consequences of the 

negative environmental impact[1]. 

 

The Hydrological Center for the University of Namibia represents an 

example of organism level of biomimicry[2]. It depends of mimicking 

of the Namibian desert beetle, stenocara[3]. It has a characteristic by 

which the Droplets form on the hydrophobic rough surface of the 

beetle’s back and wings and roll down into its mouth[4]. The surface of 

the beetle has been studied and mimicked to be used for other potential 

applications such as to clear fog from airport runways and improve 

dehumidification equipment for example[5],[6] (see fig. 3-6). 

 

 

 

 

 

 

 

 

 

 

 
Figure 3-6 The Hydrological Center for the University of Namibia 

Source: Michael J. M. (2012), “Biomimicry: Using Nature as a Model for Design”.P:15. 

Waterloo International Terminal designed by Nicholas Grimshaw & 

Partners is another example of organism level. The design of terminal 

form faces the problem of how it could respond the changes in air 

pressure as trains enter and depart the terminal. This flexibility of 

structure is found in the surface of Pangolin. The structure of the 

terminal is inspired from the shape of Pangolin body as it constructed 

from glass panels fixings that make up the structure mimic the flexible 

 
[1] Alberti, M., Marzluff, J. M., Shulenberger, E., Bradley, G., Ryan, C. & Zumbrunnen, C. 

(2003), “Integrating Humans into Ecology: Opportunities and Challenges for Studying Urban 

Ecosystems”. P: 1169-1179. 
[2] Killeen, M. (2002), “Water Web”.  
[3] Garrod, R. P., Harris, L. G., Schofield, W. C. E., McGettrick, J., Ward, L. J., Teare, D. O. 

H. & Badyal, J. P. S. (2007), “Mimicking a Stenocara Beetle's Back for Microcondensation 

Using Plasmachemical Patterned Superhydrophobic- Superhydrophilic Surfaces”. P: 689-

693. 
[4] Parker, A. R. & Lawrence, C. R. (2001), “Water capture by a desert beetle”. P: 14-33. 
[5] Ravilious, K. (2007), “Borrowing from Nature's Best Ideas”. 
[6] Knight, W. (2001), “Beetle fog-catcher inspires engineers”. P: 13-38. 
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scale arrangement of the Pangolin so they are able to move in response 

to the imposed air pressure forces[1] (see fig. 3-7). 

 

 

 

 

 

 

 

Figure 3-7  Waterloo International Terminal 

Source: Pedersen Zari, M. (2007), “Biomimetic Approaches to Architecture”. P: 5. 

3.5.2.2 Behavior Level (Nature as Measure) 

The same environmental conditions face humans and organisms and 

both of them need to find suitable solutions to encounter these issues. 

These organisms tend to adapt and survive within environmental 

abilities of a specific place and within limits of energy and material 

availability. The environmental limits which create ecological 

adaptations in ecosystems ensure that not only well-adapted organisms 

continue to evolve, but also well-adapted organism behaviors and 

relationship patterns between organisms or species[2]. 

Eastgate Building in Harare, Zimbabwe and the CH2 Building in 

Melbourne, Australia designed by Mick Pearce represent two 

examples of behavior level of biomimicry. The design of these 

buildings depends on the passive ventilation and temperature 

regulation strategies which were inspired from termite mounds, in 

order to create a thermally stable interior environment. In CH2 

building, the treatment of water which is mined from the sewers under 

the building is inspired from the way in which the termite will use the 

proximity of aquifer water as an evaporative cooling mechanism (see 

fig. 3-8). 

 
[1] Aldersey-Williams, H. (2003), “Zoomorphic - New Animal Architecture”. 
[2] Reap, J., Baumeister, D. & Bras, B. (2005), “Holism, Biomimicry and Sustainable 

Engineering”. 
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Figure 3-8 Eastgate Building in Zimbabwe and the CH2 Building in Australia 

Source: Michael J. M. (2012), “Biomimicry: Using Nature as a Model for Design”.P:22. 

3.5.2.3 Ecosystem Level (Nature as Mentor) 

Benyus (1997) and Vincent (2007) described the ecosystem level 

which is the third level of biomimicry as an integral part of 

biomimicry[1],  while Lourenci et al. (2004), and Russell (2004) used 

the term ecomimicry to describe the ecosystem biomimicry in 

design[2 ],[3 ]. The main advantage of ecosystem level is that it can 

cooperate with the other two levels of biomimicry organism and 

behavior levels. In this level it can be also possible to incorporate 

existing established building methods that are not specifically 

biomimetic with biomimetic methods, where human and organism 

systems are merged to the achieve the required needs in these 

buildings.  

 

Master plan of Zera Island located in Azerbaijan’s capital Baku, on 

The Caspian Sea. It was designed by Bjarke Ingels, founder of BIG 

architects. Zera Island master plan represents an example of ecosystem 

level of biomimicry. It was designed to perform as a zero energy city. 

 
[1] Benyus, J. (1997), “Biomimicry - Innovation Inspired by Nature”. 
[2] Lourenci, A., Zuffo, J. A. & Gualberto, L. (2004), “Incipient Emergy Expresses the Self-

Organisation Generative Activity of Man-Made Ecomimetic Systems”.  
[3] Russell, J. A. (2004), “Evaluating the Sustainability of an Ecomimetic Energy System: An 

Energy Flow Assessment of South Carolina”.  
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Master plan area equals 1,000,000m² so the challenges of this project 

were difficult relating to the area of this project. The location of 

Azerbaijan is called as the Alps of Central Asia. The proposed concept 

for Zera Island city master plan was inspired from the mountains of 

Azerbaijan. Each building in master plan not only reflects the 

inspiration from one of the seven most famous mountains in 

Azerbaijan, but they are all also inhabitable. BIG Architects managed 

to generate enough energy for buildings thanks to new sustainable 

techniques[1].  

 

Wind turbines located in the Caspian Sea used to generate wind 

energy. The resulted wind energy used to supply desalination plants 

stations with energy. These desalination plants are used to produce 

fresh water by extracting salt from sea water and turn sea water to fresh 

and suitable water for human use. Water could be used also in heating 

and cooling actions in built environment. Landscape areas benefit the 

waste water that results from buildings usage. Storm water in Zera 

Island is also collected and used in plants irrigation. There are large 

amounts of solid waste results from the previous phases of extracting, 

producing, and using water which are used in fertilizing the soil for 

enhancing soil quality [2] (see fig. 3-9).  

 

Figure 3-9  Zira Island Master Plan 

Source: Michael J. M. (2012), “Biomimicry: Using Nature as a Model for Design”.P:25. 

 
[1] Michael J. M. (2012), “Biomimicry: Using Nature as a Model for Design”.P:24. 
[2] Michael J. M. (2012), Ibid.P:25. 
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3.6 Biomimicry Applications 

 

Many types of biomimicry applications are presented to emphasis the 

capabilities and importance of using biomimicry as an approach to 

design with nature. Neal Panchuk presented three types of forms in 

nature could be act as an inspiration source from nature for 

biomimicry[1]. Three types of forms include that Forms of Natural 

Organisms Composition, Forms of Built Structures by Organisms and 

Materials Owned by Natural Organisms.  

 

3.6.1.1 Forms of Natural Organisms Composition 

The form and shape composition of the organisms in nature have a 

wide range of difference which provide designers with a huge number 

of opportunities for picking the inspiration for biomimicry. The 

complex forms and shape of any organism could be divided and 

abstracted to basic shapes which the organism use them in different 

ways and proportions in order to formulate the organism’s structure[2]. 

Some of the examples of using forms and shapes in nature as 

inspiration sources for biomimicry are declared as following (see fig. 

3-10): 

 

• Stones embedded in matrices – Worm tubes (concrete) 

 

• Spirals – Sunflowers, shells, horns of wild sheep, claws of the 

canary bird (domed roofs) 

 

• Curved shells – Skulls, eggs, exoskeletons (domed roofs) 

 

• Parabolic Forms – Tardigrade (pneumatic structures 

 

• Corrugated structures – Scallop shells, cactus plants, stiffness 

without mass (doors, packing boxes, aircraft floors, roofs) 

 

• Columns – Tree trunks, long bones, endoskeletons (posts) 

 

 

 
[1] Neal P. (2006), “An Exploration into Biomimicry and its Application in Digital & 

Parametric (Architectural) Design”. 
[2] Tsui, E. (1999), “Evolutionary architecture - nature as a basis for design”. 
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Figure 3-10 Some of organism’s Components in Nature. 

Source: Neal P. (2006), “An Exploration into Biomimicry and its Application in Digital 

& Parametric [Architectural] Design”. P: 19. 

 

There are many buildings use forms of natural organism’s 

composition. Some examples of this category will be discussed as 

follows: 

I. European Central Bank 

The form of European Central Bank designed by NOX was inspired 

from Radiolaria (microorganisms around 0.1 mm in size). “The 

amazingly beautiful drawings of Ernst Haeckel from the early 1900s 

and the research of Helmcke and Otto throughout the second half of 

the twentieth century show that Radiolaria are of a highly architectural 

nature”[ 1 ]. The concept of form morphology depends on that the 

isomorphism is not fatally attracted to the Sphere but is the generator 

of ribs, spikes, creases and tubes of Radiolaria (see fig. 3-11). 

 
[1] Spuybroek, Lars. (2004), “ECB. In NOX machining architecture”. 
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Figure 3-11 NOX: Design based on Radiolaria morphology. 

Source: Neal P. (2006), “An Exploration into Biomimicry and its Application in Digital 

& Parametric [Architectural] Design”. P: 38. 
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II. Lyon-Saint Exupery Airport Railway Station 

The building designed by Santiago Calatrava looks like a bird tends to 

fly into sky. The central hall airport railway station was covered by a 

structure inspired from a moment of a bird at the point of flight. The 

biomimicry of birds shape in this moment reflects the stability and 

balance which recognized in this moment. The central hall has a span 

of 394 feet and its roof is covered by four arches with a curved, 

tapering, arched spine[1] (see fig. 3-12). 

 

Figure 3-12  Lyon-Saint Exupery Airport Railway Station. 

Source:https://calatrava.com/projects/lyon-saint-exupery-airport-railway-station-

colombier-saugnieu.html 

 

 
[ 1 ]https://calatrava.com/projects/lyon-saint-exupery-airport-railway-station-colombier-

saugnieu.html 

https://calatrava.com/projects/lyon-saint-exupery-airport-railway-station-colombier-saugnieu.html
https://calatrava.com/projects/lyon-saint-exupery-airport-railway-station-colombier-saugnieu.html
https://calatrava.com/projects/lyon-saint-exupery-airport-railway-station-colombier-saugnieu.html
https://calatrava.com/projects/lyon-saint-exupery-airport-railway-station-colombier-saugnieu.html


 

60 

 

Chapter Three 

 
Biomimicry In Architecture 

 

III. Lily Pad City 

Lily pad project designed by Vincent Calleburt is a concept for a future 

city to provide shelter for future climate change refugees. It depends 

on a self-sufficient floating city which depends on the inspiration from 

the structure of highly ribbed leaf of the great lily pad of Amazonia 

Victoria Regia[1] (see fig. 3-13). 

  

 

 

 

 

Figure 3-13 Lily pad, A Floating Ecopolis. 

Source: http://vincent.callebaut.org 

3.6.1.2 Forms of Structures in Nature: 

In nature, Organisms build their shelters from the natural materials in 

the surrounding environment. These materials which organisms use 

could be either existing materials in the surrounding or the organism 

can produce it from his body such as spiders. Organism can produce a 

huge number of structures and shapes from these materials which 

could be categorized into a set of recurring forms and principles[2]. 

Some of forms of structures which organism built in natural world are 

declared as following (see fig. 3-14): 

 

• Tension membrane structures – Leaf cutter ant nest, weaver ant 

nest, silkworms, spider webs 

• Hemisphere/sphere – Potter wasp, ovenbird nest, cactus wren 

nest, spittlebug nest 

• Parabolic Forms – Bowerbird nests 

• Combined structural shapes and forms – Termite towers, 

prairie dog burrows 

• Hemisphere/mound forms – Beaver dams, ant nests, 

• Tube/cylinder forms – Swallow tailed swift nest, bagworm 

case, jaw fish, shark and the helix, brine shrimp nest. 

• Egg/bell shapes – Africa gray tree frog, paper wasp and 

honeybee nest, weaverbird nest. 

 
[1] http://vincent.callebaut.org 
[2] Tsui, E. (1999), “Evolutionary architecture - nature as a basis for design”. 
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Figure 3-14 Structures built by organism 

Source: Neal P. (2006), “An Exploration into Biomimicry and its Application in Digital 

& Parametric [Architectural] Design”. P: 38. 

 

 

There are many buildings use forms of structures in nature. Some 

examples of this category will be discussed as follows: 

I. Beijing National Stadium (Bird's Nest) 

The building of national stadium in Beijing designed by ARUP is 

called also bird's nest according to the inspiration of its form. The form 

of the stadium was inspired from the shape of the bird's nest. Birds 

built their nests with a high-performance structure made from light 

members that guarantee both the stability and function of the nest. The 

floor area of the stadium is 254,600m2 with 91,000 seats including 

11,000 temporary seats. The huge span of stadium structure is based 

on 24 trussed columns and weighing 1000 tons each and use steel 

members in different directions to form the outer shell[1] (see fig. 3-

15). 

 
[1] http://www.arup.com 
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Figure 3-15  Right-National Stadium (Bird's Nest) and left- the bird's nest form. 

Source: http://www.arup.com 

 

 

II. Beijing National Swimming Center  

National Swimming Center in Beijing designed by PTW architects 

John Bilmon is called also water cube because of the inspiration of 

water in its foam state. As the building is all about water, designers 

inspired its structure from the foamy state of water as it was magnified 

into the structure of the building in the form of a voronoi diagram. 

Water becomes a profound ‘building material’ that dematerializes the 

building in a meaningful way. Structure of the building is composed 

of large number of molecules of water foam which is attached to each 

other according to the voronoi mathematical function.  

The structure of water softens and dissolves all the boundaries, and 

gives the sophisticated ‘micro’ details to the monolithic totality. An 

interesting duality of the building visualization arises from the 

sophistication of the components and the simplicity and monumentally 

of the whole building[1] (see fig. 3-16). 

 
[1] Patrick X. W. et al. (2010), “Lessons Learned from Managing the Design of the Water Cube 

National Swimming Centre for the Beijing 2008 Olympic Games”.P: 175-188. 

http://www.arup.com/
https://www.researchgate.net/profile/Patrick_Zou
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Figure 3-16 National Swimming Center in Beijing (water cube). 

Source: Patrick X. W. Zou, Rob Leslie-Carter. (2010), “Lessons Learned from 

Managing the Design of the Water Cube National Swimming Centre for the Beijing 

2008 Olympic Games”.P: 175-188. 

III. UAE Pavilion, Shanghai, China 

In 2010 Shanghai Expo, UAE Pavilion was inspired from sand dunes 

found in the desert of UAE. It represents a symbolic reference with the 

desert landscape over which each of the seven emirates presides. 

Prevailing winds in desert could affect Sand dunes shape and smooth 

as it may have rough and smooth surfaces. Pavilion form mimics the 

duality of sand dunes surface according to the environmental impacts. 

Porous structure of the northern façade allows natural light to penetrate 

through it while the surface of the southern façade is closed and non-

porous in order to reduce heat infiltration during the exhibit[1] (see fig. 

3-17). 

Figure 3-17 UAE Pavilion in Shanghai Expo 2010 

Source:https://www.fosterandpartners.com/projects/uae-pavilion-shanghai-expo-2010/ 

 
[1] Vahid G. (2014), “Fabrication-Oriented Design; Assessment of Fabrication Parameters 

Affecting Design Process”. P: 3. 

https://www.researchgate.net/profile/Patrick_Zou
https://www.researchgate.net/scientific-contributions/2092824772_Rob_Leslie-Carter
https://www.fosterandpartners.com/projects/uae-pavilion-shanghai-expo-2010/
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3.6.1.3 Materials Owned by Natural Organisms: 

The materials which organisms own have specific characteristics 

which enable the organisms to overcome the surrounding environment 

cases and circumstances. The characteristics of these materials could 

be considered as a fertile source for inspiration. There are many 

examples of environmental materials that depend on the inspiration 

from organism material characteristics such as[1],[2]: 

• Responsive materials 

• Self-cleaning materials 

• Self-healing materials 

• Phase change materials 

• Color without paint materials 

 

There are many buildings use materials owned by natural organisms in 

building envelope. Some examples of this category will be discussed 

as follows: 

I. Buildings of Angila Ruskin University 

The concept of making building skin respond and interact with the 

interior and exterior environments could be achieved by making 

building facades behave even more like natural skins. This concept 

used in building skins in Angila Ruskin University. Buildings skins are 

responding to regulate humidity, temperature, daylight and gas 

exchange. The common building skins form static barriers between 

indoor and outdoor environment. However, in information technology 

age with the help of new technology designers have the opportunity to 

design dynamic responsive building skins (see fig. 3-18).  

 

 
Figure 3-18 Responsive Skin 

of A Building in Angila Ruskin 

University. 

Source: John Y. (2011), 

“Biomimetic Building Skin: A 

Phenomenological Approach 

Using Tree Bark as Model”. P: 

3. 

 
[1] KieranTimberlake (2011), “SmartWrap™: Building Envelope of the Future”.  
[2] http://www.pcmenergy.com 
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II. Self-Cleaning Enzyme Nanotube - Polymer Composite 

material 

Many researches in the field of self-cleaning techniques have been 

worked on in order to employ Nano technology as a new technology 

with huge capabilities. One example of such projects is NSEC project 

(Dordick) which involves the formation of self-cleaning (and 

potentially self-healing) coatings. The project produced a new building 

material depends on enzyme attached to Nano tubes which could be 

carbon or other material. The enzyme is placed in a simple polymer 

(e.g., PMMA) and then this material acts as a coating or film endowed 

with bio-catalytic activities. If outdoor harmful objects such as 

bacterial cells are contacted to the building skin which uses the new 

building material, the coating will destroy it by the action of specific 

enzymes in the coating. This material may also prove useful as a 

coating to resist and destroy pathogens that come in contact with a 

surface coated with the bionano composite (e.g., textiles and fabrics, 

machinery, etc.) [1] (see fig. 3-19). 

 

 

 

 

 

 

 

 

 

 

Figure 3-19 Self-Cleaning Enzyme Nanotube- Polymer Composite material. 

Source: https://www.rpi.edu/dept/nsec/02_01-highlights.html#104 

III. Self-Cleaning Glass material 

The concept of producing self-cleaning glass was inspired from the 

lotus flower which always has a clean surface. The researchers found 

that it have the ability to resist dirt due to its surface characteristics. A 

new coating material for glass was proposed by researches called 

nanocrystalline titanium dioxide (TiO2). The new material has similar 

 
[1] https://www.rpi.edu 

https://www.rpi.edu/dept/nsec/02_01-highlights.html#104
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characteristics of lotus flower and works in two stages. First stage 

called ‘photocatalytic’ stage as the titanium dioxide found in the 

composition of the new material reacts to the ultraviolet (UV) 

component of sunlight causing a gradual break down and loosening of 

dirt.  

 

The second stage called hydrophilic stage as the reaction between 

titanium dioxide (TiO2) and ultraviolet (UV) component also causes 

the glass surface to become super hydrophilic. The two stages force 

water to spread across the surface like a sheet, rather than beading, 

thereby washing away the loosened debris on the surface of the glass 

as it falls[1] (see fig. 3-20). 

 
Figure 3-20 Self-Cleaning Glass material. 

Source: https://infograph.venngage.com/p/40808/self-cleaning-glass 

 

IV. BacillaFilla material 

A new building material called BacillaFilla created by a team of 

Newcastle University (U.K.).the new material is helpful when it is 

added to concrete due to its healing capabilities without adding any 

other materials to concrete. BacillaFilla material depends on bacteria 

in its components as the research team developed a genetically 

modified microbe designed to reconstruct cracks that form in concrete. 

 
[1] Nandang M. , Ifa K. R., Laila H. and Abdulloh F. (2017), “The effect of TiO2 thin film 

thickness on self-cleaning glass properties”. 

https://infograph.venngage.com/p/40808/self-cleaning-glass
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‘This biological patch ultimately cures to the same strength as the 

surrounding material’[1] (see fig. 3-21). 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-21 BacillaFilla material. 

Source:http://www.robaid.com/tech/bacillafilla-bacteria-can-repair-cracks-in-

concrete.htm 

V. Biological Concrete material 

A research group in the Universitat Politècnica de Catalunya and 

BarcelonaTech (UPC), Spain, has presented a type of concrete inspired 

from the concept of biology. The main concept of the new material is 

a type of biological concrete that supports the natural, accelerated 

growth of pigmented organisms. The new material designed mainly for 

Mediterranean climates as it is adapted to provide thermal, 

environmental and aesthetic advantages more than any building 

material in this climate. Research field is focused on two materials 

have the same structural technology as the first material is a material 

manufactured with magnesium phosphate cement (MPC), while the 

other is a cement-based material – carbonated concrete (based on 

Portland cement). Carbonated concrete is a material with a pH of 

around 8, while the material combined with MPC does not require any 

treatment to reduce its pH, since it is slightly acidic[2] (see fig. 3-22). 

 
[1] Brownell, B. (2011), “Self-Healing Concrete”. 
[2]http://www.robaid.com 

http://www.robaid.com/tech/bacillafilla-bacteria-can-repair-cracks-in-concrete.htm
http://www.robaid.com/tech/bacillafilla-bacteria-can-repair-cracks-in-concrete.htm
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Figure 3-22  Biological Concrete material. 

Source:https://www.urbangardensweb.com/2013/01/10/organic-concrete-for-living-

green-facades/ 

 

VI. Glass X material 

Recently, the need of materials that could respond and improve its 

environmental performance is increased. Phase Change Materials 

(PCMs) is one of these materials which are "latent" energy storage 

materials and can change its state to improve its environmental 

performance during the day. These PCM materials use chemical bonds 

to store and release heat. Generally, in materials, the energy transfers 

in phase change process or when a material changes from a solid to a 

liquid or from a liquid to a solid. This process called a change in state, 

or phase[1]. Glass X is a new product which uses the ability of PCMs 

for energy transfer when phase change was developed. The glazing 

system by Green lite Glass Systems is developed in Switzerland. ‘The 

Glass X glazing system incorporates a salt-hydrate phase change 

material that stores energy from the exterior temperature and reuses it 

to either heat or cool the building as needed, putting less pressure on 

the mechanical HVAC system’[2],[3] (see fig. 3-23). 

 
[1] http://www.pcmenergy.com 
[2] Orrell, R. C. (2010), “New Breed of Glazing Uses Salt Hydrate PCM”. P: 55. 
[3] Thomas F. V. (2015), “Future Energy Developments: Key To Our Green Future”. P:3. 

https://www.urbangardensweb.com/2013/01/10/organic-concrete-for-living-green-facades/
https://www.urbangardensweb.com/2013/01/10/organic-concrete-for-living-green-facades/
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Figure 3-23  Phase change materials (PCMs). 

Source: Thomas F. V. (2015), “Future Energy Developments: Key To Our Green 

Future”. P:3. 

3.7 Design Strategies Inspired From Nature  

 

Benyus Declared that nature can affect architecture by many different 

ways and methods such as[1]: 

• Materials as Systems – Nature builds from small to large with 

a corresponding scaling of function in relation to the materials 

and components involved for particular functions. 

• Resilience and Healing – Living organisms have the ability to 

absorb and rebound from impacts and can repair themselves if 

damage is incurred.  

• Solar Transformations – Many organisms respond actively to 

the sun to maximize their energy absorption. 

• The Power of Shape – Nature uses many structurally efficient 

non-orthogonal forms with which to create its structures. 

• Life creates conditions conducive to life – The waste products 

and various byproducts of growth and sustenance create 

materials that are beneficial to the growth of other organisms. 

• Self-Assembly – The ability of an organism to direct its own 

process of development. 

• Natural selection as an innovative engine – Environmental 

forces that act on an organism and affect its fitness will direct 

the development of future organisms. 

 
[1] Benyus, J. (2004), “Biomimicry”. 
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• Material Recycling – Create structures using materials that are 

non-toxic and can be fully recycled at the end of their life. 

• Ecosystems that Grow Food – Systems are created that have a 

net surplus of production without a corresponding drawdown 

of environmental resources. 

• Chemistry in Water – Nature produces all of its compounds in 

normal environmental conditions without a necessity for 

extreme temperatures or harsh chemicals. 

• Energy savvy movement and transport – Locomotion and 

internal circulation systems have adapted to require a minimal 

investment of energy for their purpose. 

• Sensing and Responding – A series of feedback systems within 

an organism allow it to sense a variety of environmental factors 

acting on it and to respond to these in a suitable manner. 
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3.8 Summary 

Biophilia effect reflects the close relationship between human and 

environment. Environment attracts human in many ways and 

strategies. Whereas organisms in nature managed to survive in 

different tough environmental conditions by adapting their abilities 

and bodies to achieve environmental balance, so human formulated the 

biophilic design patterns which rely beyond natural strategies to use it 

in buildings in order to achieve balance in the indoor environment. 

Biophlic design patterns divided to three main categories nature in 

space, natural analogies and nature of the space. 

The most important category is natural analogies which is the main 

concern of research. Natural analogies enable designers to use 

biomimicry strategies depending on successful preceding experience 

of organisms in nature for managing environmental control in indoor 

spaces. The next chapter will focus in biomimicry concept and 

strategies. 

Biomimicry is the process of imitating natural organism strategy in 

order to benefit similar problem which it managed to solve it in natural 

life. Biomimicry is considered the most important and essential fertile 

source of inspiration for new innovative solutions for designers to 

overcome, control and enhance different environmental conditions. 

Biomimicry has two approaches to be used through their processes 

which are design looking to biology and biology influencing design. 

The application of biomimcry could be inspired from forms of natural 

organisms’ composition, forms of structures in nature and materials 

owned by natural organisms. Each application of biomimicry is led by 

a biomimicry level which helps in formulating the whole process of 

biomimcry. Levels of biomimicry are categorized to three main levels 

organism level, behaviuor level and ecosystem level. 

It is needed for performing a successful process of biomimcry to 

enhance thermal performance of building envelope to choose the 

suitable biomimicry approach, application and level as discussed. 

Depending on biomimicry inspiration, a digital model for building 

envelope design could help in controlling and examining the thermal 

performance of building envelope which is inspired from nature. How 

Digital model could be generated by using algorithms which formulate 

the biomimicry process and produce the desired model with required 

characteristics will be discussed in the following chapter. 
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3.9 Conclusion 

Biomimicry, a well-known pattern of biophilic design, formulates a 

large pool of sources to be inspired by architects for solving many 

problems in built environment. According to natural organisms’ 

strategies in natural environment, the inspiration from nature depends 

on two approaches, three levels and three biomimicry applications. 

Each approach, level, and application could provide the inspiration 

process by many solving variables. The study of biomimicry concept 

presents its capabilities to both control and solve environmental 

problems in buildings. The research concentrates on using biomimicry 

concept for solving the problem of thermal performance enhancement 

for building envelope (see fig. 3-24). 
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Figure 3-24 Chapter Three Conclusions 

Source: Author 
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Chapter Four 

Biomimetic Optimization Algorithms 
 

4.1 Introduction 

In this chapter, the research concentrates on the using of digital design 

in terms of algorithms in optimization process. In order to performing 

an optimization process architects need an inspiration source to follow 

and inspire its treatments to overcome the common environmental 

problems. Biomimetic optimization algorithms represent the 

correlation between the treatment of biomimicry from nature and 

algorithmic digital design. The classifications of biomimetic 

optimization algorithms are presented in this chapter to investigate its 

capabilities and characteristics through the analysis of its components 

and application in architecture. 

 

4.2 Algorithms for Optimization 

Algorithms are used in architecture as optimization tools to find the 

best solutions of natural problems. Designers use algorithms in 

formulating the relation between architectural forms and inspiration 

process from nature. In digital architecture, there are a large number of 

natural inspired algorithms which derived from both nature 

observations and treatments for organisms[1]. These new algorithms 

have very useful benefits as they can solve and describe very complex 

shapes and relationships from abstracting simple rules and conditions. 

Nature inspired algorithms could perform to provide designers by best 

conditions without or with little knowledge of searching area in the 

same condition as the real world's optimization problems are very 

challenging to solve[2]. Many types of new algorithms are used due to 

their accuracy and high efficiency in solving optimization problems 

such as firefly algorithm, cuckoo search and swarm optimization.  

Obviously, it is a difficult challenge to classify the new types of nature 

optimization algorithms as there are no clear indicators to guide in this 

classification. The classification of nature inspired algorithms will 

 
[1] Dennis D., (2005), “Toward Biomimetic Architecture”. 
[2] Binitha S, S Siva Sathya, (2012), “A Survey of Bio inspired Optimization Algorithms”. 
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focus on one issue of its characteristics which is the source of 

inspiration from which it was formulated.   

 

 

4.3 Inspiration Sources of Optimization Algorithms 

Many researchers and designers are inspired by nature in different 

ways as nature provides a wide range field for inspiration. For digital 

architecture, most common used algorithms are nature-inspired 

algorithms because they were derived and developed from nature. 

Generally the main inspiration source is nature. The majority of new 

algorithms used in architecture could be referred to as nature-inspired 

or biomimetic optimization algorithms. 

 

The best example of optimization is nature. If we check carefully every 

phenomenon or organism in nature, it will be cleared that it is always 

seek for the optimal solution and strategy. The selected strategy is 

flexible and changeable according to input conditions as organisms in 

nature still address the new complex relations to reach the balancing 

state for ecosystem which guarantees the diversity and adaptation of 

organisms. The nature is the great teacher, so an easy connection 

between nature and technology could be possible mapped as the 

problems in nature which encounter organisms have a lot in common 

with problems in computer science. Although the strategy behind best 

solution is simple, the results are complex, magnificent and not 

predictable[1].  

 

 

4.4 Biomimetic Optimization Algorithms Classification 

 

Methodologies for solving classical problems include two approaches 

which are exact methods (logical, mathematical programming) and 

Heuristics. The most common used and superior in solving complex 

and hard optimization problems is heuristic approach when traditional 

methodologies fail to solve problems. Biologically inspired algorithms 

are best examples of heuristic approach that mimic or imitate the 

strategy of nature since many biological processes can be thought of 

as processes of constrained optimization. Biologically inspired 

 
[1] Iztok Fister Jr., Xin-She Yang, Iztok Fister, Janez Brest, Duˇsan Fister, (2013), “A Brief 

Review of Nature-Inspired Algorithms for Optimization”. P. 1–7 
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algorithms are a special class of randomized algorithms as it mainly 

depends on random decisions.  The formula for any designs which 

depend on biologically inspired algorithms should contains Sequential 

stages which are firstly choosing of the suitable problem 

representation, then  evaluating the quality of solution using a fitness 

function and finally defining operators so as to produce a new set of 

solutions. 

 

Many researches and studies were operated in the field of biomimetic 

optimization algorithms thanks to the success of its strategies and 

techniques in solving intricacy problems. The following taxonomy 

presents a classification of biomimetic optimization algorithms[1] (see 

fig. 4-1): 

 

 

 

 

 
Figure 4-1 Taxonomy of Biomimetic Optimization Algorithms 

Source: Binitha S, S Siva Sathya, (2012), “A Survey of Bio inspired Optimization 

Algorithms”. P: 2. 

 

4.4.1 Biologically Inspired Algorithms 

The main first category of this classification is biologically inspired 

algorithms. It refers to all algorithms inspired from organisms in nature 

to solve certain problem in design. This category could be subdivided 

into three secondary classes which are algorithms; Evolutionary-based 

algorithms, Swarm-based algorithms, and Ecology-based algorithms. 

4.4.1.1 Evolutionary-Based Algorithms 

Among the Artificial intelligence paradigms, evolutionary 

computation is a famous paradigm that depends on the benefits comes 

from collective phenomena in adaptive populations of problem solvers 

 
[1] Binitha S, S Siva Sathya, (2012), “A Survey of Bio inspired Optimization Algorithms”. P:2. 
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utilizing the iterative progress comprising growth, development, 

reproduction, selection and survival as seen in a population.  

Evolutionary Based Algorithms are the Most commonly used of 

algorithms in this category as it depends on the biological evolution of 

all organisms in nature that includes both the adapting and interacting 

strategies of each organism. Evolutionary based algorithms are neither 

deterministic algorithms nor cost based optimization algorithms. 

 

Evolutionary Based Algorithms include successful examples such as 

genetic programming, genetic algorithms, paddy field algorithm, 

differential evolution, and evolutionary strategy. Algorithms in this 

class are all population-based stochastic search algorithms performing 

with best-to-survive criteria. Generally, each algorithm in this class 

launches optimization process by creating an initial population of 

feasible solutions, and promotes reiteratively between all generations 

from generation to generation towards a best solution. Fitness-based 

selection takes place within the population of solutions in sequential 

repetition of algorithm. The best solution from any generation is 

chosen for survival into proposed solutions of next generation.  

I. Genetic Algorithm 

Genetic Algorithms could be considered from the best class of 

successful algorithms which are inspired from evolutionary 

approach from nature. Holland presented Genetic Algorithms 

in 1975 which are based on stochastic optimization algorithm 

with a global search potential[ 1 ]. The concept of Genetic 

Algorithms lies among the theory of Charles Darwin of 

survival of the fittest options. Genetic Algorithms have been 

dignified as function optimizers because of the distinguished 

performance in problem optimization. The working process of 

Genetic Algorithms consists of sequential steps. Firstly, 

algorithms build an initial population of possible solutions 

similar to chromosome in genetics; Then Genetic Algorithms 

evaluate the fitness each chromosome using an appropriate 

fitness function suitable for the problem. According to these 

process, the best and fittest chromosomes are selected into 

mating pool, where they afford cross over and variation thus 

giving new set of solutions (offspring)[2].    

 
[1] Holland J.H., (1973), “Genetic algorithms and the optimal allocation of trials”. P: 88–105. 
[2] Hazem M. T. (2009), “Revisiting Algorithms in Architectural Design – Towards New 

Computational Methods”. P :103-122. 
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II. Genetic Programming 

The extension of Genetic Algorithms is Genetic Programming 

proposed by Koza in 1992[1]. Genetic Programming differs in 

terms of the solution's representation. Genetic Programming 

illustrates an indirect encoding of a possible solution (in the 

form of a tree), in which search is applied to the solution 

directly, and a solution could be a computer program. The 

second major difference for Genetic Programming is in the 

variable-length representation adopted by Genetic 

Programming in contrast with the fixed length encoding in 

Genetic Algorithms. The population in Genetic Programming 

generates diversity in both the values of the genes and the 

structure of the individuals.  

III. Evolution Strategies 

Bienert, Schwefel, Rechenberg, were three students at the 

Technical University in Berlin who developed Evolution 

Strategies in 1964[ 2 ]. The proposed strategies were in a 

potential to robotically optimize an aerodynamic design 

problem. Evolution Strategies are optimization algorithms 

inspired fundamentally from the theory of adaptation and 

evolution in terms of natural selection. The level which 

Evolution Strategies are inspired is different from the level 

which Genetic Algorithms are inspired. Evolution Strategies 

are inspired by macro-level or the species-level process of 

evolution (phenotype, hereditary, variation) while genetic 

algorithm which deals with micro or genomic level (genome, 

chromosomes, genes, alleles). The utilization of self-adaptive 

mechanisms for controlling the application of variation could 

be considered the most important characteristic of Evolution 

Strategies. These Strategies are aimed at optimizing the 

progress of the search by evolving both the solutions for the 

problem being considered, and some parameters for variation 

of these solutions. 

 
[1] Koza, John R. (1992), “Genetic Programming: On the Programming of Computers by 

Means of Natural Selection”.  

 
[2] Beyer, H.G. and Schwefel, H.P. (2002), “Evolution strategies”. P: 3–52.  
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IV. Differential Evolution 

Storn and Price proposed Differential Evolution as one of 

Evolutionary Based Algorithms paradigms in 1995[ 1 ]. The 

main concept of Differential Evolution is similar to Genetic 

Algorithms as it depends on the idea of using populations of 

individuals to search for an optimal solution. Nevertheless, the 

main difference between Differential Evolution and Genetic 

Algorithms is that, in Differential Evolution variation and 

mutation is the result of arithmetic combinations of individuals 

while in Genetic Algorithms variation and mutation is the 

result of small disturbance to the genes of an individual. At the 

initial phase of the evolution process, the variation and 

mutation operator of Differential Evolution supports 

reconnaissance. Going through the evolution process the 

operator supports exploitation. Hence, Differential Evolution 

automatically adapts the mutation excesses to the best value 

based on the stage of the evolutionary process. Mutation in 

Differential Evolution is therefore not based on a predefined 

probability density function. 

v. Paddy Field Algorithm 

Premaratne et al. proposed Paddy Field Algorithm in 2009[2], 

which depends on a reproductive standard dependent on 

proximity to the global solution and population density similar 

to plant populations. Paddy Field Algorithm differs from 

Evolutionary algorithms as it uses pollination and dispersal 

while evolutionary algorithms use either crossover or 

combined behavior between individuals in population.  

A. Example 1: Hybrid house (using crossover) 

The design of hybrid house begins by designing five building units 

using CAD application then exported these buildings into Maya 

application. Then, by using scripting language such as MEL language 

designers write a program in order to perform Genetic Algorithm. The 

 
[1] Storn R., Price K.. (1997), “Differential evolution – a simple and efficient heuristic for 

global optimization over continuous spaces”. P:341–359.  

 
[2] Upeka P. , Jagath S., and Tarlochan S. (2009), “A New Biologically Inspired Optimization 

Algorithm”.  
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result of Genetic Algorithm was 3125 offspring in the first generation 

by an exhaustive combination of five original units’ genotype[1].  

 

During the execution of Genetic Algorithm, Designers add more 

deformations on building units as they add three nonlinear deformation 

nodes which are wave, twist and bend. The three nodes were evolved 

independently in the evolution and then explicitly added to the five 

units to yield a more complex layout potential. As the result of adding 

these nodes in the third generation, high level of complexity of results 

were generated through generations. In this phase of design, the 

variation of results provides genetic algorithm with great power and 

unlimited potential of form reproduction driven from sets of genetic 

parameters. Then designers select the preferable spatial layouts that 

survived and reproduced them to create the new generation. During 

generation process and exactly in the fourth generation, designers add 

a central courtyard to the evolution as a “void unit” and blended with 

the selected layout. Time, as the 4th dimension, was also added to 

control all layout possibilities through motion (see fig. 4-2). 

 

Figure 4-2 Hybrid House generated by Genetic Algorithms - The animation was 

captured from 3125 spatial arrangement solutions crossed four generations. 

Source: Hazem M. T. (2009), “Revisiting Algorithms in Architectureal Design – 

Towards New Computational Methods”. P :114. 

4.4.1.2 Swarm-based algorithms 

From many paradigms presented in bio inspired computing, Swarm 

Intelligence is a recent and emerging paradigm for implementing 

 
[ 1 ] Frazer, J., Frazer, J., Liu, XY., Tang, MX. and Janssen, P. (2002), “Generative and 

Evolutionary Techniques for Building Envelope Design”. 
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adaptive systems. Swarm intelligence is different from Genetic 

Algorithms as Swarm Intelligence depends on collective social 

behavior of organisms while Genetic Algorithms depend on adaptation 

of organisms[1]. Evolutionary based algorithms have been developed 

alongside with Swarm Intelligence. The concept behind Swarm 

Intelligence involves the implementation of collective intelligence of 

groups of simple agents that are based on the behavior of real-world 

insect swarms, as a problem-solving tool. The word ―swarm derived 

from the irregular practice of the particles in the problem space.  

Swarm Intelligence algorithms are inspired from many sources such as 

exhibit decentralized, the collective behavior of animals and self-

organized patterns in the foraging process. There are many algorithms 

derived from Swarm Intelligence such as Particle Swarm 

Optimization, Ant Colony Optimization and Artificial Bee Colony 

Algorithm[2]. 

I. Particle Swarm Optimization 

In 1995, Kennedy and Eberhart presented Particle Swarm 

Optimization which is a computational intelligence oriented, 

stochastic, population-based global optimization technique[3]. 

The concept of this optimization algorithm is inspired from the 

social behavior of bird flocking searching for food. Particle 

Swarm Optimization has various characteristics such as simple 

concept, unique searching mechanism, easy implementation, 

and computational efficiency. Thanks to these characteristics 

Particle Swarm Optimization has been widely applied for many 

problem optimizations in engineering field.   

II. Ant Colony Optimization 

In 1999, Dorigo & Di Caro proposed one of the most successful 

swarm-based algorithms, which is Ant Colony Optimization[4]. 

It is inspired from the foraging behavior of ants in the wild as 

a meta-heuristic algorithm. The concept lies behind the ability 

of collaborative behavior of several ant species to find the 

shortest paths between the ants' nest and the food sources by 

 
[1] Hazem M. T. (2009), “Revisiting Algorithms in Architectural Design – Towards New 

Computational Methods”. P :97-102. 
[2] Bonabeau, E., Dorigo, M. and Theraulaz, G.(1999), “Swarm intelligence”.  
[3] Kennedy, J.; Eberhart, R. (1995), "Particle Swarm Optimization".P: 1942–1948.  
[4] Dorigo, M., Maniezzo, V., & Colorni, A. (1996),  “Ant System: Optimization by a colony 

of cooperating agents”. P: 29–41.  
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tracing pheromone trails Then, ants choose the path to follow 

by a probabilistic decision biased by the amount of pheromone: 

the stronger the pheromone trail, the higher its desirability. 

III. Artificial Bee Colony Algorithm 

Karaboga and Basturk proposed a swarm intelligence 

algorithm depends on the inspiration of bees' behavior in 

nature[1]. The proposed algorithms could be categorized into 

two classes; mating behavior and foraging behavior. Artificial 

Bee Colony is a prevailing algorithm simulating the intelligent 

foraging behavior of a honeybee swarm. Employed bees, 

onlookers and scouts are three groups of bees that have been 

included in Artificial Bee Colony Algorithm just like in the real 

world of bees' kingdom.  

A. Example 1: UK pavilion, Shanghai Expo 2010 

The pavilion form is a box with dimension of 15 meters high and 10 

meters tall. It is also called Seed Cathedral. There are 250,000 seeds 

cast into the glassy tips of all the hairs[2]. From every surface emerge 

silvery hairs, consisting of 60,000 identical rods of clear acrylic, 7.5 

meters long, which extend through the walls of the box and lift it into 

the air. By using Swarm Intelligence, the geometry of rods forms an 

interior space of pavilion described by a curvaceous undulating 

surface[3] (see fig. 4-3). 

Figure 4-3 UK pavilion, Shanghai Expo 2010 

Source: https://www.arch2o.com/uk-pavilion-for-shanghai-world-expo-2010-

heatherwick-studio/ 

 
[ 1 ] D. Karaboga, B. Basturk, (2007), “A powerful and efficient algorithm for numerical 

function optimization: artificial bee colony (ABC) algorithm”. P: 459–471. 
[2] http://www.heatherwick.com 
[3] https://www.arch2o.com/uk-pavilion-for-shanghai-world-expo-2010-heatherwick-studio/ 

https://www.arch2o.com/uk-pavilion-for-shanghai-world-expo-2010-heatherwick-studio/
https://www.arch2o.com/uk-pavilion-for-shanghai-world-expo-2010-heatherwick-studio/
https://www.arch2o.com/uk-pavilion-for-shanghai-world-expo-2010-heatherwick-studio/
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B. Example 2: Shade Sclupture by  Arne Quinze 

Arne Quinze is famous for his trademark sculptures made out of 

wooden planks. The shade sculpture designed by Arne Quinze is a 

large frame structure that depends on colors, lines, curves and 

movement in the composition. Structure of the shade reflects the 

feeling of fluidity and movement. Quinze sees his installations as 

places where people meet each other again and start social 

communications[1]. Forms and compositions designed by Arne Quinze 

are built to affect passengers' feelings on any public pedestrian such as 

encouraging reaction and interfering in the daily life of passersby who 

faced with his sculptures[2] (see fig. 4-4). 

 

 

Figure 4-4 Shade Sclupture by  Arne Quinze 

Source: https://www.arnequinze.com/art-and-exhibitions/cityscape 

4.4.1.3   Ecology-based algorithms 

One of the most efficient sources for inspiration is natural ecosystem. 

In nature ecosystems, there are various mechanisms and strategies 

could be inspired in order to solve hard problems in engineering and 

computer science fields. Ecosystems in nature involve both living 

organisms and the biotic environment which organisms interact such 

as soil; water and air etc. for any ecosystem, there are plentiful types 

of interaction between the living species. 

 

The interaction in natural ecosystems has two types as it can either be 

interspecies interaction which occurs between species or intra species 

interaction which occurs within species. Inter species interaction can 

 
[1] http://www.workbydjg.com 
[2] https://www.arnequinze.com/art-and-exhibitions/cityscape 

https://www.arnequinze.com/art-and-exhibitions/cityscape
https://www.arnequinze.com/art-and-exhibitions/cityscape
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be divided into three types based on the outcome of interaction 

(positive, negative, neutral) termed as mutualism, parasitism, 

commensalism respectively.  The nature of these natural ecosystems’ 

interactions could be cooperative/ competitive.  As per Cooperation 

interaction, the interaction includes division of labor and represents the 

core of sociality. Among the Cooperation interaction in nature there is 

many examples such as between species (i.e., heterogeneous 

cooperation, also called symbiosis), within species (i.e., homogeneous 

cooperation, also called social evolution), as in the social foraging 

behaviors of animal herds, bird flocks, insect groups and bacterial 

colonies and as in the mutualism between human and honey guide[1]. 

 

There are many applications of biomimetic algorithms depend on the 

concept of ecology-based strategies such as Invasive Weed Colony 

Optimization, PS20 and Biogeography- Based Optimization. 

I. Invasive Weed Colony Optimization 

Mehrabian and Lucas presented Invasive Weed Optimization 

as a numerical stochastic search algorithm in 2006[2]. It was 

inspired from the ecological process of weed colonization and 

distribution. It is a powerful algorithm which has the ability to 

solve general multi-dimensional, linear and nonlinear 

optimization problems with appreciable efficiency. Invasive 

weeds usually adapt to their environment circumstances so it 

cover spaces of opportunity left behind by improper tillage then 

it follow this covering by enduring occupation of the field. 

Because of invasive weeds behavior, there is lesser opportunity 

of life for the ones with lesser fitness as the colony becomes 

denser.  

 

II. PS20 

Hanning Chen and Yunlong Zhu presented PS20 as a 

biomimetic optimization algorithm application in 2008[3]. It 

was inspired from the concept of the coevolution of symbiotic 

 
[1] Binitha S, S Siva Sathya, (2012), “A Survey of Bio inspired Optimization Algorithms”. 
[2] Mehrabian A.R., Lucas C., (2006), “A novel numerical optimization algorithm inspired 

from weed colonization”. P: 355–366.  
[ 3 ] Hanning C., Yunlong Z. (2008), “Optimization based on symbiotic multi-species 

coevolution”. 
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species in natural ecosystems and heterogeneous interaction 

between species. Simply, PS20 is a multi-species optimizer that 

extends the dynamics of the canonical PSO algorithm by 

adding a significant ingredient that takes into account the 

symbiotic co evolution between species. 

 

III. Biogeography- Based Optimization 

Dan Simon proposed Biogeography-Based Optimization as a 

global optimization algorithm in 2008[ 1 ]. The proposed 

algorithm was inspired from mathematical models of 

biogeography by Robert MacArthur and Edward Wilson. 

Biogeography is mainly focus on the study of distribution of 

species in nature over time and space; that is the immigration 

and emigration of species between habitats. The concept of this 

algorithm is to authorize information sharing between solutions 

proposed by different candidates. 

 

4.4.2 Physics/Chemistry- Based Algorithms 

The second main category of biomimetic optimization algorithms 

encompasses strategies which are not biologically -inspired but still 

nature-inspired as many algorithms. Such algorithms could be 

developed by using the inspiration from physical, chemical systems 

and may be music[2].    

 

Because of the source of inspiration for optimization may come from 

chemical or physical characteristics, not all met-heuristic algorithms 

are bio-inspired algorithms. Inspiration from chemical or physical 

characteristics could be performed by mimicking certain physical 

and/or chemical laws, including gravity, electrical charges, river 

systems, etc[3]. This category includes a wide range of natural inspired 

algorithms. The relationship of physics and chemistry-based 

algorithms could be presented as the following equation (see fig. 4-5):  

 
[1] Simon, D., (2008), “Biogeography-based optimization”. P: 702–713.  
[2] Zong W. G., et al.  (2001), “A new heuristic optimization algorithm: harmony search”. P: 

60–68. 
[3] Iztok F. Jr., Xin-She Y., Iztok F., Janez B., Duˇsan F. (2013), “A Brief Review of Nature-

Inspired Algorithms for Optimization”. P: 1–7. 
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Figure 4-5 The Relationship of Physics and Chemistry Based Algorithms 

Source: Zong W. G., et al.  (2001), “A new heuristic optimization algorithm: harmony 

search”. P: 62. 

Although chemistry and physics are two different branches, it is not 

useful to separate it into secondary subcategories such as chemistry-

based algorithms and physics-based algorithms. So it is generally 

grouped into one group named physics and chemistry based 

algorithms. Many types of algorithms were presented in the last few 

years which depend on physical and chemical characteristics such as 

the following (see tab. 4-1): 

 

I. Stochastic Diffusion Search 

Generally, a stochastic search algorithm could be defined as a 

random search in space until a given condition is reached[1]. 

Stochastic search used in optimization for the application of 

Stochastic Diffusion Search which is optimization algorithms. 

The concept of stochastic diffusion search depends on 

incorporating probabilistic elements (in random way), either in 

the algorithm itself through random parameter choices, values, 

etc., or in the problem given data through the constraints, the 

objective function, etc., or in both issues[2]. 

The concept of stochastic search could be explained by 

understanding the ant behavior when it seeks to find food. 

When taking into consideration an example of the nature life 

such as hypothetical ant-like creatures searching for a good 

nutrient source in a dynamic environment. The normal state for 

ants is that each ant requests and searches for locating some 

food and returns it back to the ants’ nest. The colony as a whole 

seeks to increase the rate of return food amounts otherwise to 

decrease the disbursement of energy. Each ant seeks for food 

daily without any helping information for food location so each 

searching ant leaves the nest and executes a random walk 

around the nest location. When any ant finds some food or food 

 
[1] Terzidis, K. (2006), “Algorithmic Architecture”.  
[2] Spall, J. C. (2003), “Introduction to Stochastic Search and Optimization”. 



 

 

 

89 

 

Chapter Four 

 
Biomimetic Optimization Algorithms 

 

source during the exploration process, then it returns to the nest 

as a positive ant; otherwise, it is labeled negative[1]. 

 

 
Table 4-1 Physics and Chemistry Based Algorithms  

rce: Zong W. G., et al.  (2001), “A new heuristic optimization algorithm: harmony 

search”. P: 64. 

physics and chemistry based algorithms Proposed by 

Big Bang-big Crunch                       Zandi et al. 

Black Hole Hatamlou 

Central Force Optimization Formato 

Charged System Search                     Kaveh and Talatahari 

Electro-Magnetism       Cuevas et al. 

Galaxy-Based Search Shah-Hosseini 

Gravitational Search Rashedi et al. 

Harmony Search Geem et al. 

Intelligent Water Drop Shah-Hosseini 

Simulated Annealing  Kirkpatrick et al. 

Stochastic Difusion Search Bishop 

 

A. Example1: Accumulata : organizing a certain façade for office 

building based on stochastic search. By Gyoscope 

Stochastic diffusion Search as optimization algorithm was used in this 

project to provide different generations of impressive facades. The 

proposed composition resulted from using a certain unit which was a 

box with changing in scale and dimensions. The boxes alter in its 

location, scale, distribution and overlap between each other in the 

façade design according to predefined rules by designers[2] (see fig. 4-

6). 

 
[ 1 ] Bishop J.M., Nasuto S.N., (1999), “Communicating Neurons - an Alternative 

Connectionism”. 
[2] Terzidis K. (2006), “Algorithmic Architecture”. P:127 
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Figure 4-6 Office Building Façade Based On Stochastic Search And Various Iterations 

For The Façade. 

Source: Terzidis K. (2006), “Algorithmic Architecture”. P:127  

B. Example 2: Library: generated by the research group of Harvard 

Graduate School of Design. 

Stochastic diffusion Search as optimization algorithm was used in this 

project to generate the architectural design of the library. Every space 

in the library space program is represented by a box which has been 

distributed according to predefined architectural rules in order to 

guarantee the fulfillment of all function needs in library spaces. Each 

box has a dimension of 30*30 unit in a square shape. Stochastic 

diffusion Search algorithm performs an XY coordinate system that 

generates a square range to adjust all available positions for the 

program units. The architectural programs of a library could be 

fulfilled by accumulating a certain number of such modular units, each 

of them has its uniqueness in X and Y values as a spatial entity and its 

Z value is determined by the connectivity between each other. The 

algorithm produces a large number of generations which meet both the 

functional and the architectural need (see fig. 4-7).  
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Figure 4-7 Generation of Library Design Using Stochastic Diffusion Search Algorithm 

Source: Hazem M. T. (2009), “Revisiting Algorithms in Architectural Design – 

Towards New Computational Methods”. P :79 
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4.5 Summary 

In digital information age, algorithms were used in digital design due 

to its ability for generating, controlling and changing the final product 

easily. An infinite number of generations could be produced by a single 

and simple algorithm formation which supplies designers with 

enormous number of complicated concepts and ideas. Designers by 

themselves and their own abilities cannot imagine and predict the 

results of performing algorithm according to the complicated 

mathematical equations and process so algorithms open a massive 

source for new and innovative concepts and ideas for designers. 

Algorithms is used not only to produce a digital model to any desired 

concept but also it is used to choose and identify the optimum solution 

for the input data and conditions which designers select to solve. 

Concepts and ideas which laterally are modeled by using algorithms 

could be inspired from nature by using biomimicry. The correlation 

between using algorithms for optimization and biomimicry for 

inspiration called biomimetic optimization algorithms. There are 

various number of successful biomimetic optimization algorithms. 

Biomimetic (nature-inspired) optimization algorithms could be 

divided to two main categories. The first main group is biologically 

inspired algorithms which depend on the inspiration of organism and 

this category is divided to evolutionary based algorithms, swarm based 

algorithms and ecology based algorithms.  The second main category 

is Physics/Chemistry- based algorithms which are not biologically 

inspired algorithms but still nature-inspired algorithms. 

The theoretical study focused on understanding thermal performance 

regulations in building and nature, beside the use of biomimicry and 

optimization algorithms as well in one process called biomimetic 

optimization algorithm. The next analytical study will focus on the 

inspiration of desired concept from nature and how to use algorithms 

to produce a biomimetic optimization model to control thermal 

performance of proposed building envelope then how to carry out 

thermal simulations analysis for enhancing the resulted performance 

of the proposed building envelope to achieve the thermal comfort rates. 
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4.6 Conclusion 

As Algorithms present high capabilities in solving complex 

mathematical problems, the use of it in the integration process with 

biomimicry formulates a successful treatment for solving 

environmental problems. The development of using the integration 

between algorithms and biomimicry provides architects with the 

optimization concept for solving environmental problems in building. 

Many powerful biomimetic optimization algorithms are clear 

evidences and witnesses for this success. Biomimetic optimization 

algorithms help in producing a large number of optimal solutions for 

the assigned problems related to the assigned variables, mathematical 

functions and inspiration sources.  The research concentrates on using 

genetic algorithms in enhancing thermal performance of building 

envelope (see fig. 4-8).  
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Figure 4-8 Chapter Four Conclusions 

Source: Author. 
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Chapter Five 

Optimization Process  
 

5.1 Introduction 

In this chapter a proposed case study is investigated in order to 

examine how building envelope can enhance thermal performance of 

buildings using optimization process derived by biomimetic 

algorithms. A simple building geometry is chosen as the case study 

model. The proposed building is an office building. The proposed 

building is located in one of the selected case study cities. The 

proposed office building is a midrise building consists of five floors. 

The area of the proposed building is 378.00 square meters with 

dimensions equal 21.00*18.00 meters with total height equals 18.00 

meters (see fig. 5-1). The main entrance is located in the south or west 

facade of the building according to the selected case study properties 

which is covered by curtain wall glazing system.  

 

 

 

 

 

 

 

 

 

 

Figure 5-1 Geometry of The Proposed Office Building 

Source: Author. 

 

The proposed building envelope consists of multiple units of office 

rooms. The chosen unit to perform energy simulation on is located in 
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the southern or western facade of the building. Particularly, it is located 

vertically in the middle of the building envelope in the third floor and 

horizontally in the middle of the building envelope. The chosen unit 

dimensions are 3.00 meters in length, 3.00 meters in width and the 

clear height of its architectural space is 3.00 meters. Its south façade is 

totally covered by curtain wall glazing system while the rest of its 

interior facades are brick walls. To simplify the problem, placement of 

the doors and the interior partition are not considered in the 

optimization process. According to research methodology the study 

will proceeds by the following steps. 

 

5.2 Optimization Framework 

The proposed design methodology is performed in an early stage of 

schematic design phase in building design process. According to 

design requirements and spatial needs of buildings, architects 

formulate the early design of buildings then perform the optimization 

process to have the optimum design for building which satisfy the 

assigned requirements and needs. For this research, it is oriented to 

optimize the thermal performance building envelope. For the 

optimization process of thermal performance, the optimization 

framework includes many ingredients such as Optimization Concept, 

optimization methodology, independent design variables, dependent 

design variables, optimization limitations, parametric platform and 

simulation engine.  

 

5.2.1   Optimization Concept 

The optimization process needs to be oriented through the different 

steps to have suitable optimum solutions for the subjected assumptions 

of proposed design. The concept of optimization process depends on 

three main pillars which are explained as follows (see fig. 5-2): 

5.2.1.1 Thermal Performance 

 

 According to environmental effects of building envelope on Building 

sustainability, the proposed design of building envelope concept 

depends on using design variables of building envelope which affect 

thermal performance. The large number of varieties of building 

envelope design variables enables optimization process to achieve the 



 

99 

 

Chapter Five 

 
 Optimization Process 

optimal solutions for enhancing thermal performance of building 

envelope. 

 

 

 

 

 

 

 

 

 

 

Figure 5-2 Optimization Concept Components 

Source: Author. 

 

5.2.1.2 Biomimicry Inspiration 

The proposed design of building envelope concept depends on using 

one of biophilic design patterns which is biomimcry from the main 

category of natural analogues. The design of building envelope will 

follow the design looking to biology approach to inspire solutions from 

living organism which managed to overcome and enhance thermal 

performance of its body by using the shape of its skin. Also, the design 

of building envelope is following organism level as nature here in this 

situation is a model for optimal solutions. According to biomimicry 

application types which discussed previously in the research, the 

design of the proposed building envelope which enhances thermal 

performance will be inspired from the forms of natural organisms’ 

compositions which are inspired from of living organisms.  

Optimization 
Concept

Thermal 
Performance

Biomimetic 
Optimization 
Algorithms

Biomimicry 
Inspiration
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The research concentrates on using (Ferocactus wislizenii) as an 

inspiration source for formulating the biomimicry concept of proposed 

building envelope design. In nature, barrel cacti plant has many spines 

formulating a self-shading device. These spines enable direct sun light. 

Barrel cacti plant has many ribs which could be described as a self-

shading technique for it[1] (see fig. 5-3). 

 

 

Figure 5-3 Barrel Cacti Plant   

Source: Aysu K. a. (2018),” Multi-Functional Biomimetic Adaptive Façades: A Case 

Study”. P: 241-250.  

 

 

 According to a study of barrel cacti by using tiles made of aluminum 

(6061) sheets with octahedral surface articulations in building 

envelope. The surface area is covered by triangle shaped tiles each tile 

size is 4″ x 4″. A heat lamp was placed in order to enable the entire 

surface to receive heat radiation. The experiment concluded that while 

outer surface of building envelope with aluminum prisms will gain 

higher temperature, the internal surface of building envelope will gain 

lower temperature. When the building envelope is a smooth surface 

 
[1] Novoa A. et al. (2014), “Introduced and invasive cactus species: a global 

review”. P: 02. 



 

101 

 

Chapter Five 

 
 Optimization Process 

against the source of light the internal temperature will increase[1] (see 

fig. 5-4). 

 

Figure 5-4 Aluminium (6061) Tile With Octahedral Surface Articulations. 

Source: J. Laver, et al. (2008), “High performance masonry wall systems: principles 

derived from natural analogues”. P: 245. 

 

As a result of large shaded area of barrel cacti outer envelope, the 

absorbed shortwave solar radiation resulting in a slower warming 

period throughout the day is minimized[2].  Also, the convective heat 

transfer rate is minimized as a result of self-shading surface areas 

caused by ribs and spines of barrel cacti. An isolating air layer could 

be generated on the surface of barrel cacti because of the depth of its 

ribs minimizes the wind speed. The folded shape and shaded surfaces 

of barrel cacti benefit in reducing thermal transfer and shortwave solar 

irradiation absorption[3].   

According to the self-shading of barrel cacti shape the exposed surface 

to sun and heat radiation will has more temperature than the covered 

surface area by self-shading[4]. Therefore, the tangent air layer to the 

exposed surface area will gain heat more quickly than the non-exposed 

surface areas. 

 

 As the regulation of air movement to force hot air layers to move 

higher and be replaced by cooler air layers, an air current produced a 

self-ventilating effect in the surface of barrel cacti which helps in 

cooling its surface temperature.  The folded surface of barrel cacti are 

used to create a micro-climate area under the shaded surface areas and 

 
[1] J. Laver, et al. (2008), “High performance masonry wall systems: principles 

derived from natural analogues”. P: 244. 
[2] Aysu K. a. (2018),” Multi-Functional Biomimetic Adaptive Façades: 

A Case Study”. P: 241-250.  
[3] J. Laver, et al. (2008), Ibid. P: 246. 
[4] Jens P.,(2011), “Building Science: Concepts and Application”. 
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could help in reflecting direct and indirect solar radiation and this 

action keeps the rates of heat gain as minimum as it possible[1] (see fig. 

5-5,6,7). 

 

 

 

 

 

 

 

 

 

Figure 5-5 The Effect of Self-shading in Cooling Barrel Cacti surface. 

Source: Parisa N. (2014), “Inspiration By Nature: Biomimicry Research Informs 

Adaptable Building Skin System For Natural Ventilation And Daylight In Hot Dry 

Climate”. P: 12. 

 

 

 

 

 

 

 

Figure 5-6 Spines of Barrel Cacti work as shade devices and help in cooling the surface 

by reflecting direct solar radiation. 

Source: Parisa N. (2014), “Inspiration By Nature: Biomimicry Research Informs 

Adaptable Building Skin System For Natural Ventilation And Daylight In Hot Dry 

Climate”. P: 12. 

 
[1] Parisa N. (2014), “Inspiration By Nature: Biomimicry Research Informs 

Adaptable Building Skin System For Natural Ventilation And Daylight In Hot Dry 

Climate”. P: 10-14. 
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Figure 5-7 Micro-Climate Regions in Barrel Cacti surface Caused by Spines 

Source: Parisa N. (2014), “Inspiration By Nature: Biomimicry Research Informs 

Adaptable Building Skin System For Natural Ventilation And Daylight In Hot Dry 

Climate”. P: 14. 

 

5.2.1.3 Biomimetic Optimization Algorithms 

The proposed design of building envelope concept depends on using 

biologically inspired algorithms for the optimization process. 

According to the classification of biomimicry optimization algorithms 

which is previously discussed, the optimal solutions for building 

envelope to enhance thermal performance will be generated by 

evolutionary based algorithms especially genetic algorithms. 

Optimization concept depends on three main ingredients with 

emerging sub categories as follows (see fig. 5-8): 

- First ingredient with sub categories: Building envelope – 

effects of building envelope on sustainability of buildings – 

environmental effect – achieving thermal comfort – thermal 

performance of building envelope – factors affecting thermal 

performance of buildings. 

- Second ingredient with sub categories: Biophilia effect – 

patterns of biophilic design – natural analogues – biomorphic 

forms and patterns – biomimicry – design looking to biology 

approach – organism level – forms of natural organisms’ 

composition. 

- Third ingredient with sub categories: biomimicry integration 

with mathematical optimization – biomimetic optimization 

algorithms – biologically inspiration algorithms - evolutionary 

based algorithms – genetic algorithms. 
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5.2.2   Methodology  

Using biomimetic optimization algorithms for enhancing thermal 

performance of building envelope could be achieved by applying a 

design methodology based on seven steps framework (see fig. 5-9).  

 

 

The first step is to construct parametric model for the proposed unit of 

the building to be investigated and analyzed by using algorithmic 

design platform. The second step is to define model materials 

according to the thermal standards and weather in building location by 

using materials suitable for energy simulation engine. The third step is 

to design building envelope lattice which will be examined to achieve 

the optimum enhancement of thermal performance for the building.  

 

Figure 5-9 A Proposed Optimization Methodology 

Source: Author. 

 

 

The fourth step is to perform energy simulation according to the 

assigned weather conditions of building locations, materials and 

defined zones for analysis. The fifth step is to perform optimization 
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process using biomimetic algorithms such as genetic algorithms to 

reach the optimum solution conditions for building envelope design 

which could achieve the optimum enhancement of thermal 

performance. The six step is to repeat the fifth step but with different 

inputs for building envelope design and calculate the related total 

thermal load to reach the optimum solutions. The seventh and final 

step is to extract results from the optimized solutions and choose the 

suitable solution for both building envelope visualization and 

enhancing thermal performance. 

 

5.2.3   Independent Design Variables 

For the parametric modeling of case study, there are many independent 

design variables of building envelope which will affect thermal 

performance of building envelope. Independent design variables are 

office room length, width, height, ratio of glazing window to wall in 

all façades, enclosure angle of lattice units, angle of rotation of each 

unit in envelope lattice, number of lattice unit, dimensions of each unit 

in building envelope lattice, and the distribution of lattice units in 

building envelope surface. 

 

5.2.4   Dependent Design Variables 

According to the optimization process, the dependent design variables 

represented by energy simulation output includes total thermal loads, 

cooling loads, heating loads, lighting thermal loads, and equipment 

loads. 

 

5.2.5   Optimization limitations 

The optimization process of case study has many limitations in order 

to facilitate the optimization process and concentrate on the research 

objectives. The research concentrates on two independent variables 

which are both enclosure angle and angle of rotations of building 

envelope lattice units. The case study in parametric model is defined 

by its dimensions which are fixed during the whole optimization 

process. The ratio of glazing to wall in east and west and north facades 

is zero as theses facades has no windows. The ratio of glazing to wall 

in southern façade or western – depending on the case study 

orientation- is fixed at 90 % to facilitate the optimization process and 
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energy simulation. The selection of southern and western façades to 

put a large glazing to wall ratio in it maximizes the thermal loads in 

the assigned case study so the optimization process to enhance and 

minimize the resulted thermal loads is preferable and desired to control 

this thermal performance by building envelope.  

The research assumes that the lattice units of building envelope have 

normal distribution in all the covered area of building envelope. The 

dimensions of lattice units are connected to glazing to wall ratio in 

south facades and its number is fixed to 10 units for each column and 

10 units for each row. 

On the other hand, the research concentrates on one dependent variable 

which is the total thermal loads of the assigned case study. Total 

thermal loads include heating, cooling, and lighting thermal loads of 

the case study. Thermal loads of equipment, color of building envelope 

lattice and material of lattice units are fixed values from the beginning 

of optimization process and its effects will be neglected.  

The selection of case study cities depends on the variation of location 

around the world to test the validation of thermal performance 

enhancement according to the variation in values of building envelope 

digital design parameters. So, case study cities are chosen to be located 

in Africa, Europe, Asia, and North America. 

 

5.2.6   Parametric Platform 

Model of the proposed design of building envelope is built in 

parametric platform in order to control all parameters of design. For 

parametric modeling, Rhinoceros 3D and Grasshopper applications are 

used which are powerful applications in 3d model, form generation, 

and optimization functions. The Research uses Galapagos component 

in Grasshopper Plugin for optimization process as it is one of the most 

well-known optimization components. 

 

 In optimization process performed by Galapagos component, there are 

two types of input data. The first input represents genome which 

indicate to design variables in grasshopper plugin which defined by the 

proposed design variables which are in this case both enclosure angle 

and angle of rotation of building envelope lattice units. The second 

input represents the fitness function which defined in this case by total 

thermal loads calculated by simulation engine during the optimization 
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process. The fitness function needs to be adjusted to minimize the total 

thermal load related to the resulted design generations.  

 

5.2.7   Energy Simulation  

 

In the modeling phase of proposed parametric model for building 

envelope, all input data for energy performance are assigned to its 

related item of the parametric model. Energy performance data include 

construction type, building materials, geometry adjacency, climatic 

zone, occupancy and operations in the space. For the optimization 

process, Ladybug and Honeybee plugins are used as simulation 

engines for optimization process. Both Ladybug and Honeybee plugins 

are performed by Grasshopper application. Ladybug plugin helps in 

performing the main function of modeling and define the weather 

conditions by generating a defined file for energy simulation. After 

simulation process Ladybug plugin call back the results of 

optimization process in grasshopper application and represent the 

energy results. Honeybee plugin helps in performing simulation 

process and visualizing climatic data. 

 

Optimization process needs a simulation engine to perform all energy 

simulation functions on design variables. EnergyPlus is used as a 

simulation engine in this case. According to the input data gathered 

from design variables, climatic conditions and optimization fitness 

functions EnergyPlus calculates the total thermal loads resulted by 

building envelope for each generation during the optimization process. 

As the fitness function of the optimization process is adjusted to 

minimize thermal values, the optimal solutions will be the solutions 

with lowest thermal loads values calculated by EnergyPlus engine. 

5.3 Parametric Modeling 

The optimization process begins by constructing a parametric model 

of the proposed building envelope design. The model represented by 

variables and parameters which control all geometric characteristics 

and properties of design items. Modeling process is explained as 

follows: 
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5.3.1   First Step: Constructing Parametric Model 

To model this building for parametric design a parametric model 

platform is needed, so the chosen unit of the building is modeled in 

Rhinoceros and Grasshopper application with the help of Ladybug and 

honeybee applications. The main idea of modeling is to disassemble 

the geometry of chosen unit to its basic parameters such as points, lines 

and surfaces to be easily controlled and tested. The chosen model unit 

created by the following code in Grasshopper application: 

 

I. Create a box defined by two points which represent the chosen 

unit in the building envelope. The coordinates of these two 

points form previously proposed unit dimensions as it is 

represented in Rhinoceros is (00,00,00) for point 01 and 

(03,03,03) for point 02 (see fig. 5-10). 

 

 

 

Figure 5-10 A Parametric Model For The Chosen Unit  

Source: Author. 
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II. Convert the previously constructed box to brep component. 

 

III. Define zones for honeybee application by plugging in the 

previously constructed brep into honeybee mass zone, then 

defining the zone program type by using the component of 

honeybee list zone programs for this building to assign its 

function which is proposed as office building. This component 

produces honeybee zones that have all of the properties 

necessary for an energy simulation assigned to them. 

 

IV. Plug in the honeybee zones to honeybee glazing based on ration 

component which is a python scriptable component. This 

component enables designers to create glazing façade based on 

assigned ratio. For the proposed unit, curtain wall glazing 

system in south facade covered 90% from it and other facades 

are interior walls so they do not have outdoor glazing ratio. 

This component creates honeybee objects with assigned 

glazing necessary to an energy simulation (see fig. 5-11). 

 
Figure 5-11 Grasshopper Preview Of Parametric Functions For Defining Honeybee 

Zones  

Source: Author. 
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5.3.2   Second Step: Defining Model Materials 

The next step after having honeybee objects with assigned glazing is 

to define the material of each surface of these objects as it has different 

thermal properties which will influence on the energy simulation of the 

whole model. The proposed materials are assigned under the following 

code (see fig. 5-12): 

 

I. Plug in the honeybee zones which created by honeybee mass 

zones component to honeybee set EP zone construction 

component to define the thermal properties for each material 

according to the code of EnergyPlus engine. 

 

II. Choose the proposed properties for each surface of the chosen 

model according to ASHRAE 90.1-2010 (Pacific Northwest 

National Laboratory, 2016) energy modeling standard by using 

honeybee search EP construction component (see tab. 5-1).  

 

III. The proposed EnergyPlus material properties are assigned by 

using honeybee call from EP construction library component. 

The following table gives the assigned values of materials:  

 

Table 5-1. Thermal Values For The Proposed Unit Materials 

 Source: Author. 

Material Interior 

Wall 

Window Ceiling Floor 

U-Value _SI (of the 

construction in W/m2-k) 

3.690821 

 

5.84 

 

0.204317 

 

0.20035 

 

U-Value_IP (of the 

construction in Btu/h∙ft2∙°F) 

0.64999 

 

1.028482 

 

0.035982 

 

0.035284 

 

R-Value _SI (of the 

construction in m2-k/W) 

0.270942 

 

0.171233 

 

4.894354 

 

4.991273 

 

R-Value_IP (of the 

construction in h∙ft2∙°F/ Btu) 

1.538484 

 

0.972306 

 

27.791458 

 

28.341794 

 

Note that this U-Value does not include the resistance of air film on either side of the 

construction and this resistance is typically included in U-Values used by manufacturers. 
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Figure 5-12 Grasshopper Preview Of Parametric Functions For Defining Honeybee 

Materials  

Source: Author. 

 

5.3.3   Third Step: Designing Building Envelope 

The proposed building envelope consists of two components curtain 

wall glazing system and a lattice in front of it from outside the 

envelope. The size of the lattice is connected to the assigned ratio of 

the created glazing façade in model design process. The design of 

building envelope lattice is performed according to the following code 

(see fig. 5-13,14): 

 

I. The main idea of the lattice depends on dividing the glazing 

façade into small equal 10 segments in both horizontal and 

vertical directions.  

II. For each square, a point in the middle of each segment of the 

square is defined. 

 

III. Connect each point with the following one by a line, so this 

produces a square shape rotated by 45 degrees. 

  

 

 



 

112 

 

Chapter Five 

 
 Optimization Process 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5-13 A Parametric Model For Building Envelope Lattice 

Source: Author. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5-14 Square Units For Parametric Model For Building Envelope LatticeSource: 

Author. 
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I. Divide the resulted shape horizontally by a line to have two 

equal triangles. Assign a rotate function to enable each triangle 

to rotate by an enclosure angle towards each other based on the 

vertical line which divided the square as a rotation axis (see fig. 

5-15). 

 

II. Define a circle with a center located in the middle of rectangle 

diagonal and diameter equals to diagonal’s length (see fig. 5-

16). 

 

III. Assign a rotate function to the two resulted triangles to rotate 

inside the parameter of the defined circle. 

 

IV. Extrude the resulted triangles with the proposed thickness of 

the lattice to have a 3d geometry of each triangle (see fig. 5-

17,18). 

 

V. Define 3d geometry of the triangles as a brep component. 

 
Figure 5-15 Divided Units For Parametric Model for Building Envelope Lattice 

Source: Author. 
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Figure 5-16 A Parametric Model for Horizontal Units of building envelope  

Source: Author. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5-17 A Parametric Model for Rotated Units of building envelope  

Source: Author. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5-18 A Parametric Model for Vertical Units of building envelope  

Source: Author. 
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VI. Define zones for honeybee application by plugging in the 

previously constructed brep component into honeybee mass 

zone component. 

 

VII. Plug in the resulted honeybee zones to honeybee solve 

adjacencies component to have a list of honeybee zones with 

adjacencies solved (see fig. 5-19). 
 

 

Figure 5-19 Grasshopper Preview Of Parametric Functions For Building Envelope 

Lattice Design  

Source: Author. 

5.4 Energy Simulation Process 

To perform a successful energy performance using EnrgyPlus engine 

as proposed there are main components need to be defined from the 

initial phase.  

 

5.4.1   Fourth Step: Performing Energy Simulation 

Energy simulation is performed by the following code: 

 

I. Define weather conditions of the proposed site which the office 

building is located. This step needs to download EPW weather 

file for selected city as a case study by using Ladybug 

_download EPW weather file component and open it by using 

Ladybug open and stat weather file component (see fig. 5-

20,21). 
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Figure 5-20 Locations of Free Download Epw Files for Weather Conditions In The 

World And Especially In EGYPT  

Source: https://www.ladybug.tools/epwmap/ 

 

 

 

 

 

 

 

 

 

 

 
Figure 5-21 Locations of Free Download Epw Files for Weather Conditions In Shiekh 

Zayed City. 

Source: https://www.ladybug.tools/epwmap/ 

 

II. Plug in the resulted EPW file to honeybee run energy 

simulation component which exports honeybee zones into an 

IDF file and run them through EnergyPlus and produce results 

reports (see fig. 5-22). 

https://www.ladybug.tools/epwmap/
https://www.ladybug.tools/epwmap/
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III. Plug in the previously assigned honeybee set EP zone 

construction for the model of office unit to honeybee zones 

input in honeybee run energy simulation component. 

 

IV. Plug in the previously assigned honeybee zones with 

adjacencies solved list for the building envelope lattice to 

honeybee context input in honeybee run energy simulation 

component. 

 

V. Defining analysis period of the simulation by using ladybug 

analysis period component and set the analysis from 1 to 30 Jul 

then plug in the resulted period to analysis period input in 

honeybee run energy simulation component. 

 

VI. Defining the desired types of output from energy simulation by 

using honeybee generate EP output and plug the result in 

simulation output input in in honeybee run energy simulation 

component. 

 

VII. Plug in honeybee read EP result to read file address output in 

honeybee run energy simulation component to preview all 

result calculations. The desired value is the total thermal load 

of the defined zones of the office unit. 

Figure 5-22 Grasshopper Preview Of Parametric Functions For Energy Simulation 

Source: Author. 
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5.5 Optimization  

The main core of optimization process depends on Galapagos as 

genetic algorithm optimization package derived by Grasshopper 

plugin (Labib, 2015).  

5.5.1   Fifth Step: Optimization Rules 

The optimization seeks to achieve the best thermal performance by 

reaching the minimum total thermal loads in July for the proposed 

office units. The minimum values for total thermal loads depend on 

thermal performance of building envelope. The proposed design of 

building envelope of office unit has the flexibility to change its angle 

of rotation and enclosure angle between the forming triangles in order 

to enhance the thermal performance of building envelope as it was 

modeled in grasshopper application. The optimization for enhancing 

thermal performance is performed according to the following code: 

 

I. Attach fitness function input with total thermal loads form the 

output of honeybee read EP result component which previously 

resulted from energy simulation (see fig. 5-23,24). 

 

II. For genome input of Galapagos, attach it to the parameters of 

building envelope lattice which are in this case the angle of 

rotation inside the circle and the enclosure angle between the 

forming triangles. 

 

III. Before starting optimization process, it should be adjusted to 

perform the process to study the variations of genome 

parameters in order to reach the minimum value of fitness 

function (see fig. 5-25).  

 

 

 

 

 

 

 

 

 
Figure 5-23 Angle Of Rotation And Enclosure Angle For Each Unit of Building 

Envelope Lattice  

Source: Author. 
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Figure 5-24 Grasshopper Preview Of Parametric Functions For Optimimzation 

Process Framework 

Source: Author. 

 

Figure 5-25 Grasshopper Preview Of Galapagos settings to achieve minimum values 

for total thermal During The Optimization Process 

Source: Author. 
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5.5.2   Sixth Step: Repeating Optimization Process 

The optimization process is set to repeat itself and perform energy 

simulation with other values for genome input of Galapagos which are 

both angle of rotation and the enclosure angle of the building envelope 

lattice. Every time optimization process is repeated, a new value for 

total thermal load is calculated. So, a comparison between the 

calculated variables could be done to reach the optimum solutions to 

minimize this value (see fig. 5-26,27).  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-26 Grasshopper Preview Of Generations of Solutions calculated by 

biomimetic optimization algorithms 

Source: Author. 
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Figure 5-27 Grasshopper Preview Of The Optimum Solution calculated by biomimetic 

optimization algorithms 

Source: Author. 

 

5.6 Optimization Results 

Results of optimization process are calculated by Galapagos as an 

optimization engine, EnergyPlus as a simulation engine, and 

Grasshopper as a host for visualizing the resulted generations. The 

results for optimal solution to enhance thermal performance of 

building envelope by using genetic algorithms as biomimetic 

optimization algorithm is shows in seventh step of the optimization 

process as follows: 

5.6.1   Seventh Step: Results of Optimization Process 

For the optimization process the results are as following: in the default 

state before starting the optimization process, the value of total thermal 

loads for glazing system assigned to windows of office unit in the 

proposed duration of the year without applying the proposed design of 

building envelope lattice is calculated in the beginning of the process. 

Then resulted value for minimum total thermal loads achieved by 

Galapagos component after applying the proposed design of building 
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envelope lattice is calculated to define the difference in total thermal 

loads after applying optimization process. 

 

According to optimization process results, the rotation angle of 

building envelope lattice units is adjusted to defined degrees which are 

the desired value to reach the minimum value of total thermal loads. 

The enclosure angle between the forming triangles is adjusted to 

defined degrees which is the desired value to reach the minimum value 

of total thermal loads (see fig. 5-28). 

 

 

 

 

 

 

Figure 5-28 The Optimum Solution Geometry for Building Envelope Lattice Units after 

Applying Optimum values for angle of Rotation and Enclosure Angle 

Source: Author. 

 

Optimization process is applied for both southern and western façades 

for the selected case studies to identify the total thermal loads 

reduction, angle of rotation and enclosure angle for building envelope. 

 

5.7 Case Studies 

The choosing of case studies to perform optimization process depends 

on the following limitations: 

- For the case studies located in Egypt: the selected cities should 

represent different locations in Egypt to cover the climate 

change in the whole country as possible. 
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- For the case studies located outside Egypt: the selected cities 

should represent different locations in the world to represent 

the climate changes in the whole world as possible. 

The selected cities are as following (see fig. 5-29): 

1- Mersa Matruh city located in the north of Egypt, Africa. 

2- Sheikh Zayed city located in the middle of Egypt, Africa. 

3- Aswan city located in the south of Egypt, Africa. 

4- Paris city located in France, Europe. 

5- Riyadh city located in Kingdom of Saudi Arabia (KSA), Asia. 

6- New York City located in United States of America (USA), 

North America.  

Figure 5-29 Locations of selected case studies. 

Source: Author. 
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 5.7.1   First Case Study: Mersa Matruh City  

5.7.1.1 City Information 

 The following table represents the information of the city that 

identifies location, DMS coordinates, and weather in July which is the 

analysis period of the proposed optimization process (see tab. 5-2). 

 

Table 5-2. Mersa Matruh city data. 

 Source: Author. 

No. Item Data 

1 Location North of Egypt, Africa 

2 DMS 

coordinates 

31° 21' 15.6348'' N 27° 14' 14.3376'' E1. 

3 Weather in July The summers are warm, muggy, arid, 

and clear and the winters are cool, dry, 

windy, and mostly clear. Daily high 

temperatures increase from 29° C 

to 30°C2. 

 

5.7.1.2 Optimization Results for Mersa Matruh city 

For the optimization process of both south and west façade of the 

proposed office building: total thermal loads are calculated in the 

default state before applying optimization process then after applying 

optimization process the total thermal loads are calculated again and 

therefore values of both the rotation angle of building envelope lattice 

units and enclosure angle between the forming triangles of the building 

envelope lattice are defined for the optimum solution to achieve the 

minimum total thermal loads (see fig. 5-30).  

 

The following table represents the results before and after optimization 

process (see tab. 5-3): 

 

 
1 https://www.latlong.net/place/mersa-matruh-qism-moursy-matrouh-matrouh-egypt-

3576.html 
2 https://weatherspark.com/m/94262/7/Average-Weather-in-July-in-Mersa-Matruh-

Egypt#Sections-Clouds 
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Table 5-3. Mersa Matruh city optimization process results. 

 Source: Author.  

No. City 

Mersa Matruh 

Façade 

South 

Façade 

West 

1 Total thermal loads for 

building envelope default 

state before applying 

optimization process 

329.51 KWH 321.76 KWH 

2 Total thermal loads for 

building envelope after 

applying optimization 

process 

285.04 KWH 263.10 KWH 

3 Angle of rotation of 

envelope lattice units 
43 degrees 129 degrees 

4 Enclosure Angle of 

envelope lattice units 
21 degrees 11 degrees 

 

 

 

 

 

 

 

Figure 5-30 left: Optimization result of southern façade of building envelope in Mersa 

Matruh city. Right: Optimization result of western façade of building envelope in 

Mersa Matruh city. 

Source: Author. 
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5.7.2   Second Case Study: Sheikh Zayed City  

5.7.2.1 City Information 

 The following table represents the information of the city that 

identifies location, DMS coordinates, and weather in July which is the 

analysis period of the proposed optimization process (see tab. 5-4). 

 

Table 5-4. Sheikh Zayed city data. 

 Source: Author. 

No. Item Data 

1 Location Middle of Egypt, Africa 

2 DMS 

coordinates 

30° 3' 21.6756'' N  30° 58' 35.9004'' E 1. 

3 Weather in July Hot summer month in Sheikh Zayed 

City, Egypt, with average temperature 

fluctuating between 34.4°C (93.9°F) 

and 20.1°C (68.2°F). 2. 

 

 

5.7.2.2 Optimization Results for Sheikh Zayed city 

For the optimization process of both south and west façade of the 

proposed office building: total thermal loads are calculated in the 

default state before applying optimization process then after applying 

optimization process the total thermal loads are calculated again and 

therefore values of both the rotation angle of building envelope lattice 

units and enclosure angle between the forming triangles of the building 

envelope lattice are defined for the optimum solution to achieve the 

minimum total thermal loads (see fig. 5-31).  

 

The following table represents the results before and after optimization 

process (see tab. 5-5): 

 

 

 
1 https://www.latlong.net/place/sheikh-zayed-city-giza-governorate-egypt-8915.html 
2https://www.weather-atlas.com/en/egypt/sheikh-zayed-city-weather-july 

https://www.weather-atlas.com/en/egypt/sheikh-zayed-city
https://www.weather-atlas.com/en/egypt/sheikh-zayed-city
https://www.weather-atlas.com/en/egypt
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Table 5-5. Sheikh Zayed city optimization process results. 

 Source: Author.  

No. City 

Sheikh Zayed 

Façade 

South 

Façade 

West 

1 Total thermal loads for 

building envelope default 

state before applying 

optimization process 

366.36 KWH 358.53 KWH 

2 Total thermal loads for 

building envelope after 

applying optimization 

process 

319.98 KWH 284.50 KWH 

3 Angle of rotation of 

envelope lattice units 
43 degrees 141 degrees 

4 Enclosure Angle of 

envelope lattice units 
21 degrees 20 degrees 

 

 

 

 

 

 

Figure 5-31 left: Optimization result of southern façade of building envelope in Sheikh  

Zayed city. Right: Optimization result of western façade of building envelope in Sheikh 

Zayed city. 

Source: Author. 
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5.7.3   Third Case Study: Aswan City  

5.7.3.1 City Information 

 The following table represents the information of the city that 

identifies location, DMS coordinates, and weather in July which is the 

analysis period of the proposed optimization process (see tab. 5-6). 

 

Table 5-6. Aswan city data. 

 Source: Author. 

No. Item Data 

1 Location South of Egypt, Africa 

2 DMS 

coordinates 

24° 5' 20.1768'' N 32° 53' 59.3880'' E1. 

3 Weather in July an extremely hot summer month, with 

temperature in the range of an average 

high of 41.1°C (106°F) and an average 

low of 26°C (78.8°F). 2. 

 

 

5.7.3.2 Optimization Results for Aswan city 

For the optimization process of both south and west façade of the 

proposed office building: total thermal loads are calculated in the 

default state before applying optimization process then after applying 

optimization process the total thermal loads are calculated again and 

therefore values of both the rotation angle of building envelope lattice 

units and enclosure angle between the forming triangles of the building 

envelope lattice are defined for the optimum solution to achieve the 

minimum total thermal loads (see fig. 5-32).  

 

The following table represents the results before and after optimization 

process (see tab. 5-7): 

 

 

 
1 https://www.latlong.net/place/aswan-aswan-governorate-egypt-24191.html 
2https://www.weather-atlas.com/en/egypt/aswan-weather-july 
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Table 5-7. Aswan city optimization process results. 

 Source: Author.  

No. City 

Aswan 

Façade 

South 

Façade 

West 

1 Total thermal loads for 

building envelope default 

state before applying 

optimization process 

795.80 KWH 867.14 KWH 

2 Total thermal loads for 

building envelope after 

applying optimization 

process 

725.71 KWH 688.22 KWH 

3 Angle of rotation of 

envelope lattice units 
47 degrees 141 degrees 

4 Enclosure Angle of 

envelope lattice units 
22 degrees 20 degrees 

 

 

 

 

 

 

Figure 5-32 left: Optimization result of southern façade of building envelope in  

Aswan city. Right: Optimization result of western façade of building envelope in Aswan 

city. 

Source: Author. 
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5.7.4   Fourth Case Study: Paris City  

5.7.4.1 City Information 

 The following table represents the information of the city that 

identifies location, DMS coordinates, and weather in July which is the 

analysis period of the proposed optimization process (see tab. 5-8). 

 

Table 5-8. Paris city data. 

 Source: Author. 

No. Item Data 

1 Location France, Europe 

2 DMS 

coordinates 

48° 51' 52.9776'' N 2° 20' 56.4504'' E1. 

3 Weather in July  The hottest month in Paris with 

moderately warm temperatures 

between 16°C (60.8°F) and 25°C 

(77°F). 2. 

 

 

5.7.4.2 Optimization Results for Paris city 

For the optimization process of both south and west façade of the 

proposed office building: total thermal loads are calculated in the 

default state before applying optimization process then after applying 

optimization process the total thermal loads are calculated again and 

therefore values of both the rotation angle of building envelope lattice 

units and enclosure angle between the forming triangles of the building 

envelope lattice are defined for the optimum solution to achieve the 

minimum total thermal loads (see fig. 5-33).  

 

The following table represents the results before and after optimization 

process (see tab. 5-9): 

 

 

 
1 https://www.latlong.net/place/paris-france-1666.html 
2https://www.weather-atlas.com/en/france/paris-weather-july 

https://www.weather-atlas.com/en/france/paris
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Table 5-9. Paris city optimization process results. 

 Source: Author.  

No. City 

Paris 

Façade 

South 

Façade 

West 

1 Total thermal loads for 

building envelope default 

state before applying 

optimization process 

75.84 KWH 75.85 KWH 

2 Total thermal loads for 

building envelope after 

applying optimization 

process 

56.93 KWH 60.88 KWH 

3 Angle of rotation of 

envelope lattice units 
43 degrees 141 degrees 

4 Enclosure Angle of 

envelope lattice units 
21 degrees 20 degrees 

 

 

 

 

 

 

Figure 5-33 left: Optimization result of southern façade of building envelope in  

Paris city. Right: Optimization result of western façade of building envelope in Paris 

city. 

Source: Author. 
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5.7.5   Fifth Case Study: Riyadh City  

5.7.5.1 City Information 

 The following table represents the information of the city that 

identifies location, DMS coordinates, and weather in July which is the 

analysis period of the proposed optimization process (see tab. 5-10). 

 

Table 5-10. Riyadh city data. 

 Source: Author. 

No. Item Data 

1 Location KSA, Asia 

2 DMS 

coordinates 

24° 46' 27.3540'' N 46° 44' 18.9096'' E1. 

3 Weather in July blistering summer month 

in Riyadh, Saudi Arabia, with 

temperature in the range of an 

average low of 29.3°C (84.7°F) and 

an average high of 43.5°C (110.3°F)2. 

 

 

5.7.5.2 Optimization Results for Riyadh city 

For the optimization process of both south and west façade of the 

proposed office building: total thermal loads are calculated in the 

default state before applying optimization process then after applying 

optimization process the total thermal loads are calculated again and 

therefore values of both the rotation angle of building envelope lattice 

units and enclosure angle between the forming triangles of the building 

envelope lattice are defined for the optimum solution to achieve the 

minimum total thermal loads (see fig. 5-34).  

 

The following table represents the results before and after optimization 

process (see tab. 5-11): 

 

 
1 https://www.latlong.net/place/riyadh-saudi-arabia-7406.html 
2https://www.weather-atlas.com/en/saudi-arabia/riyadh-weather-july 

https://www.weather-atlas.com/en/saudi-arabia/riyadh
https://www.weather-atlas.com/en/saudi-arabia
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Table 5-11. Riyadh city optimization process results. 

 Source: Author.  

No. City 

Riyadh 

Façade 

South 

Façade 

West 

1 Total thermal loads for 

building envelope default 

state before applying 

optimization process 

842.39 KWH 890.15 KWH 

2 Total thermal loads for 

building envelope after 

applying optimization 

process 

764.23 KWH 748.25 KWH 

3 Angle of rotation of 

envelope lattice units 
39 degrees 141 degrees 

4 Enclosure Angle of 

envelope lattice units 
17 degrees 20 degrees 

 

 

 

 

 

 

Figure 5-34 left: Optimization result of southern façade of building envelope in  

Riyadh city. Right: Optimization result of western façade of building envelope in 

Riyadh city. 

Source: Author. 
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5.7.6   Sixth Case Study: New York City  

5.7.6.1 City Information 

 The following table represents the information of the city that 

identifies location, DMS coordinates, and weather in July which is the 

analysis period of the proposed optimization process (see tab. 5-12). 

 

Table 5-12. New York city data 

 Source: Author. 

No. Item Data 

1 Location USA, North America 

2 DMS coordinates 40° 43' 50.1960'' N 73° 56' 6.8712'' W1. 

3 Weather in July July is the hottest month with 

temperatures ranging between 20°C 

(68°F) and 29°C (84.2°F) and 

sometimes rising to 32°C (89.6°F) 2. 

 

 

5.7.6.2 Optimization Results for New York city 

For the optimization process of both south and west façade of the 

proposed office building: total thermal loads are calculated in the 

default state before applying optimization process then after applying 

optimization process the total thermal loads are calculated again and 

therefore values of both the rotation angle of building envelope lattice 

units and enclosure angle between the forming triangles of the building 

envelope lattice are defined for the optimum solution to achieve the 

minimum total thermal loads (see fig. 5-35).  

 

The following table represents the results before and after optimization 

process (see tab. 5-13): 

 

 

 

 
1 https://www.latlong.net/place/new-york-city-ny-usa-1848.html 
2https://www.weather-atlas.com/en/new-york-usa/new-york-weather-july 
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Table 5-13. New York city optimization process results 

 Source: Author.  

No. City 

New York 

Façade 

South 

Façade 

West 

1 Total thermal loads for 

building envelope default 

state before applying 

optimization process 

326.97 KWH 326.92 KWH 

2 Total thermal loads for 

building envelope after 

applying optimization 

process 

276.86 KWH 270.90 KWH 

3 Angle of rotation of 

envelope lattice units 
43 degrees 141 degrees 

4 Enclosure Angle of 

envelope lattice units 
21 degrees 20 degrees 

 

 

 

 

 

 

Figure 5-35 left: Optimization result of southern façade of building envelope in  

New York city. Right: Optimization result of western façade of building envelope in 

New York city. 

Source: Author. 
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5.7 Summary 

In this chapter a new design methodology was presented to enhance 

thermal performance of digital design of building envelope by using 

optimization process. The proposed optimization framework provides 

optimization concept, methodology, two types of design variables, 

limitations of optimization process, Rhinoceros and Grasshopper 

applications as parametric platforms for digital modeling of building 

envelope, and EnergyPlus as a simulation engine for the optimization 

process. The seven steps of optimization process for building envelope 

are discussed in detail to explain how building envelope is modeled, 

tested, and optimized to minimize thermal performance.  
 

 

5.8 Conclusion  

The new design methodology presented in this chapter is based on an 

optimization concept which emerged from the combination between 

building envelope variables, biomimicry concept, and biomimetic 

optimization algorithms. The details of the proposed optimization 

concept are presented in the following figure (see fig. 5-36): 

 

 

 
Figure 5-36 Components of Optimization Process Concept 

Source: Author. 
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Through the research methodology, the results emerged from an 

optimization process by using the proposed design of building 

envelope lattice for the proposed design of office unit and assigned 

weather conditions. The optimization process was applied for the 

selected cities for both south and west facades. Results of the 

optimization process indicate that the total thermal loads when using 

the proposed building envelope design are less than the total thermal 

loads of the default state before optimization process. According to the 

previous results, the proposed lattice design with assigned values for 

angle of rotation and enclosure angle by using biomimetic 

optimization algorithms such as genetic algorithms enhances thermal 

performance of building envelope were defined for both south and 

west façade in the selected cities that located in different countries all 

over the world.  

 

The following tables represent the total thermal loads reduction that 

resulted from the optimization process (see tab. 5-14,15): 

 

 

Table 5-14. Results of the optimization process for the southern façade in case studies. 

 Source: Author.  

No. City Total 

thermal 

loads for 

building 

envelope 

before 

applying the 

optimization 

process 

(KWH) 

Total 

thermal 

loads for 

building 

envelope 

after 

applying the 

optimization 

process 

(KWH) 

Reduction 

value of 

total 

thermal 

loads 

Reduction 

Ratio of 

total 

thermal 

loads 

1 
Mersa 

Matruh 
329.51 285.04 44.47 13.49 % 

2 
Sheikh 

Zayed 
366.36 319.98 46.38 12.65 % 

3 Aswan 795.80 725.71 70.09 08.80 % 

4 Paris 75.84 56.93 18.91 24.93 % 

5 Riyadh 842.39 764.23 78.16 09.27 % 

6 
New 

York 
326.97 276.86 50.11 15.32 % 
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Table 5-15. Results of the optimization process for the western façade in case studies. 

 Source: Author.  

No. City Total 

thermal 

loads for 

building 

envelope 

before 

applying the 

optimization 

process 

(KWH) 

Total 

thermal 

loads for 

building 

envelope 

after 

applying the 

optimization 

process 

(KWH) 

Reduction 

value of 

total 

thermal 

loads 

Reduction 

Ratio of 

total 

thermal 

loads 

1 
Mersa 

Matruh 
321.76 263.10 58.66 18.23% 

2 
Sheikh 

Zayed 
358.53 284.50 74.03 20.64% 

3 Aswan 867.14 688.22 178.92 20.63% 

4 Paris 75.85 60.88 14.97 19.73% 

5 Riyadh 890.15 748.25 141.9 15.94 % 

6 
New 

York 
326.92 270.90 56.02 17.13% 

 

While the following tables represent the angle of rotation and 

enclosure angle of the proposed building envelope lattice units which 

identify the optimal solution of building envelope lattice design to 

achieve the minimum total thermal loads through the optimization 

process (see fig. 5-37) (see tab. 5-16): 
 

 

 

 

 

 

 

Figure 5-37 left: Angle of rotation and enclosure angle for the optimum solution for the 

southern façade of building envelope. Right: Angle of rotation and enclosure angle for 

the optimum solution for the western façade of building envelope. 

Source: Author. 
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Table 5-16. Angle of rotation and enclosure angles of the proposed building envelope 

lattice units that represent the optimum solution. 

 Source: Author.  

No. City Southern facade Western facade 

Angle of 

rotation of 

the proposed 

building 

envelope 

lattice units 

for the 

optimum 

solution 

(Degrees) 

Enclosure 

angle of the 

proposed 

building 

envelope 

lattice units 

for the 

optimum 

solution 

(Degrees) 

Angle of 

rotation of 

the proposed 

building 

envelope 

lattice units 

for the 

optimum 

solution 

(Degrees) 

Enclosure 

angle of the 

proposed 

building 

envelope 

lattice units 

for the 

optimum 

solution 

(Degrees) 

1 Mersa 

Matruh 
43 21 129 11 

2 Sheikh 

Zayed 
43 21 141 20 

3 Aswan 47 22 141 20 

4 Paris 43 21 141 20 

5 Riyadh 39 17 141 20 

6 New 

York 
43 21 141 20 
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Chapter Six 

Conclusions And Recommendations 
 

6.1 Conclusions 

The research based on presenting a design methodology to enhance 

thermal performance of building envelope. The proposed design 

methodology emerged from the integration between many ingredients 

which were: digital design of building envelope, environmental effect 

of building envelope on building sustainability, thermal regulation in 

buildings, biomimicry concept, biomimetic optimization algorithms 

and energy simulation in building sample. 

The literature review which presents the capabilities of building 

envelope, biomimicry, energy simulation, digital design and 

biomimetic optimization algorithms for enhancing thermal 

performance in many ways indicates that the combination between 

them all affects both building envelope design and thermal 

performance. 

Biophilic design which emerged from biofilia effect reflects great 

capabilities which encourage architects to use it in order to solve 

environmental problems for built environment. Biomimicry as a 

leading pattern from biophilic design patterns is the most pattern used 

for built environment treatments. The inspiration source for the 

optimization process plays a great role in the process as it can control 

which direction for optimization to move towards. It indicates as well 

the approach, level, and application of biomimicry to use in order to 

achieve suitable optimum solutions. 

Algorithms have great mathematical potentials for solving 

complicated problems. Architects can use these potentials for solving 

environmental problems in built environment by applying the 

optimization concept to achieve the optimum solutions for each 

problem. Genetic algorithm has a great importance in this field of study 

as it can be used for controlling the optimization process for many 

environmental problems. 

According to the proposed optimization process, input data for the 

assigned case studies, research variables and limitations of the new 

design methodology of building envelope provides a thermal 

performance reduction of building envelope in southern facade varies 
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from 08.80 % to 24.93 % lower than the thermal performance for the 

same case studies’ building envelope without any treatments which 

affect thermal performance (see fig. 6-1).  

The optimum solution for enhancing thermal performance in southern 

envelope has angle of rotation varies from 39 degrees to 47 degrees 

and an enclosure angle varies from 17 degrees to 22 degrees (see fig. 

6-2,3).  

 On other hand, thermal performance reduction of building envelope 

in western facade varies from 15.94 % to 20.64 % lower than the 

thermal performance for the same case studies’ building envelope 

without any treatments which affect thermal performance. 

The optimum solution for enhancing thermal performance in western 

envelope has angle of rotation varies from 129 degrees to 114 degrees 

and an enclosure angle varies from 11 degrees to 20 degrees. 

The assigned values of both angel of rotation and enclosure angle of 

the proposed lattice unit for the building envelope help architects to 

use in forming building envelope that can enhance thermal 

performance in both southern and western façade. 

 

Figure 6-1 : Reduction ratio chart of total thermal loads for both southern and western 

facades. 
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Source: Author. 

Figure 6-2 : Angle of rotation of the proposed building envelope lattice units for both 

southern and western facades. 

Source: Author. 

 

Figure 6-3 : Enclosure angle of the proposed building envelope lattice units for both 

southern and western facades. 

Source: Author. 
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The new design methodology that was proposed for the optimization 

process of building envelope lattice units could be considered as an 

effective treatment to enhance thermal performance through using 

biomimetic optimization algorithms. So the integration between 

biomimicry, digital design, and optimization algorithms is an effective 

way to evaluate and find optimal solution for building envelope design 

to enhance thermal performance of it. 

According to literature review findings and the new design 

methodology a framework for the new building envelope lattice with 

an optimization process to enhance thermal performance could be 

presented as a conclusion for research as follows (see fig. 6-4,5): 
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Figure 6-4 : Enhancing thermal performance for building envelope framework. 

Source: Author. 
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Figure 6-5 : Application of the proposed enhancing thermal performance for building 

envelope framework. 

Source: Author. 
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According to reduction in total thermal loads in both southern and 

western façade of the proposed building envelope in the assigned case 

studies, and as a conclusion from research results, the proposed design 

methodology for building envelope to enhance thermal performance 

by using biomimetic optimization algorithms managed to provide 

significant optimal solutions for building envelope design with thermal 

performance improvements. So, it can be considered as a valid 

methodology for enhancing thermal performance of building 

envelope. 
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6.2 Recommendations 

For further research directions, it could include different types of 

biomimetic optimization algorithms to develop new types with new 

inspiration concepts to generate innovative solutions for 

environmental problems. The following tips could be useful for 

researchers in this field: 

 

1- The proposed design methodology offers a large number of 

chances and opportunities which attracts future researchers to 

use its capabilities in improving and enhancing many factors in 

built environment such as enhancing daylight qualities, 

Acoustics in buildings, shading devices, life cycle cost. 

 

2- Research limitations may be reduced in the future researches in 

order to investigate new variables such as reduction ratio of 

building envelope units, number of seeds of building envelope, 

and shape of building envelope in optimization process. 

 

3- Whenever there are more researches in this field, there is a 

rapid development of the optimization tools to cope with 

research’s needs. Future researches in this field push the 

development circle to include both optimization tools and 

digital applications. The development of the optimization tools 

will help architects to work with more accuracy, time saving, 

easy in using the application and powerful algorithms as well. 

 

The awareness and importance of optimization concept should be 

learned to architectural students in architectural schools and 

departments to increase the awareness about built environment 

problems and how to overcome these problems by innovative and 

optimal design solutions in terms of sustainability of building 

approach.
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لمقةةف  إيج د   اع لل  المتسةن بليقل  لبن ا تصمةف   خ ا ز ة ت  ال ثل  المبنى التل    غلاف 

لي.   التلا ي  الداا  ذلك  لمتسةن  المقملحل   بن ا ميى  المصمةف  المبنى    ل لافا ن  نهجةل 

خ ا ز ة ت   ب سمجدام  التلا ي  الداا  تمةنت  ن    تعزيز  ث لةللمتسةن  التة يل  المت ك و 

الداا التلا ي. لذلك  اى  تتسةن ت  تتقةق   ا    غلاف المبنىت اةل حي ل  ث لةل  همل لمصمةف  

 .يمةن اممب  م   نهجةل ص لتل لمعزيز الداا التلا ي ل لاف المبنى

 

أ  امً     الابت ث المسمقبيةل د اسل  شملت، يمةن أن    ثةل اى مذا المج لتبالالاتج م ت  لمزيد  ن  

خ ا ز ة ت   إله م    تعزيز  ث لةل جميفل  ن  بمف مةف  جديدو  أ  اا  لمط يل  التة يل  المت ك و 

المقملحل مدداً كبةلًا  ن   المصمةف  البة ةل. تقدم  نهجةل  ليمش كل  لم لةد حي ل  بمةلو  جديدو 

العديد  ن  تتسةن  تعزيز  او  قد اته   لاسمجدام  المسمقبيةةن  الب حثةن  تجذب  المو  الفلص 

، الص تة ت او المب  و  عدلات ض ا النه  ،  دلات عالع ا ل او البة ل المبنةل  ثل تعزيز 

 .اى المب  ى تةيفل د  و التة و أجهزو المظيةل ، 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

  ا  يمنبه ا بنم  ج أداا الج ا ز ةل لا يمةن ليمصممةن بمفلدمف  قد اتهف الج صل أن يمص 

 اقً  ليمع دلات اللي ضةل المعقدو  العميةل ، لذلك تفمح الج ا ز ة ت  صدً ا ضجمً  ليمف مةف  

اقط لإ م ج  م ذج   لةس  الج ا ز ة ت  اسمجدام  يمف  ليمصممةن.  الجديدو  المبمةلو   الاة   

خمة    تتديد التل ال ثل لبة   ت   قمو لي  فه م  لغ ب اةي ، بل يمف اسمجدا ي أيضً  لا

الإدخ ل  الظل ف المو يجم  م  المصمم ن لتيه . يمةن أن تسميهف المف مةف  الاة   المو  

التة يل.   المت ك و  ب سمجدام  الطبةعل  الج ا ز ة ت  ن  ب سمجدام  ج  بو  بشةل  تصمةمه   تف 

التة يل   ليمتسةن  المت ك و  الج ا ز ة ت  اسمجدام  بةن  خ ا ز ة ت  العلاقل  تسمى  للإله م 

خ ا ز ة ت    تعزيز  ث لةل مدد  جميلا  ن  من ك  التة يل.  المت ك و    تعزيز  ث لةلالمت ك و 

خ ا ز ة ت   تقسةف  يمةن  الن جتل.  )المسم ح و  ن   تعزيز  ث لةلالتة يل  التة يل  المت ك و 

الطبةعل( إلى ا مةن   ةسةمةن. المجم مل الل ةسةل ال لى مو خ ا ز ة ت  سم ح و بة ل جةً   

الة  ن التو  تنقسف مذه الف ل إلى خ ا ز ة ت تط  يل  خ ا ز ة ت   ن  ه م  سميتعممد ميى إلا

ةسةل الث  ةل مو الج ا ز ة ت تعممد ميى أسلاب  خ ا ز ة ت ق  مل ميى البة ل. الف ل الل 

الفةزي ا   ميى  البة ل جةل  الق  مل  الن حةل  خ ا ز ة ت  سم ح و  ن  لةست  الةةمة ا  المو 

 . لةنه  لا تزال خ ا ز ة ت  سم ح و  ن الطبةعل

 

 نهجةل تص مةف جديدو لمعزيز الداا  لةتعزيز  ث ليقدم الفص ل الج  س د اس ل تتيةيةل لعميةل 

ل المقملح    ممية ل المعزيز العم ل اى إب     يتم ىاللقمو ل لاف المبنى.   التلا ي ليمص    مةف

 فه م المتس   ةن ،  المنهجةل ،    مةن  ن  م ةلات المص   مةف ،  قة د مميةل  ميى كل  ن

كمنص     ت ب   ا ملي ل لينم ذج ل  Rhinoceros    Grasshopperالمتس    ةن ،  تطبةق  ت  

تمة ن مميةل  ت ك و لعميةل المتس    ةن.كمتلك    EnergyPlus اللقمةل ل لاف المبنى ،  

 غلاف  تمف  ن قش  ل الجط ات الس  با لعميةل المتس  ةن  تعزيز المث لةل  ن س  بعل  لاحل حةث

المبنى ب لمفص   ةل لم ض   ةح كةفةل تص   مةف غلاف المبنى  اخمب  ه  تتس   ةني لمقيةل الداا 

ق اس    مج دام من بلي  تعزيز المث  لة ل م   ج ممية ل   التلا ي.  ن خلال  نهجة ل البت ث ،  

 ظل ف  المجم  و المص  مةف المقملل لش  بةل غلاف المبنى ليمص  مةف المقملل لي حدو المةمبةل  

إجم  لو الحم  ل   من ل التلا ي ل الإجم  لة ل تقية ل الحم    تمةن المص    مف  نالطقس المعةن ل   

المث لةل لمتس    ةن تعزيز  قبل مميةل  لي حدو المةمبةل المجم  و  التلا يل ليت لل الااملاض    ةل

المقملل  ا القةف اللقمى  غلاف المبنىتص    مةف .  اقً  لينم  ج الس     بقل ، ا ن الداا التلا ى

ب س   مجدام خ ا ز ة ت  بةنةل لي احدات المة  ل ليزا يل الالالمجص   ص   ل لزا يل الد  ان  

  .الداا التلا ي ل لاف المبنى يتسنالمت ك و التة يل  ثل الج ا ز ة ت الجةنةل 

 

تصمةف   تقديف  نهجةل  ميى  البتث  امممد  البتث.  الس دس  م  ج  ت صة ت  الفصل  يعلض 

بةن   المة  ل  المقملحل  ن  المصمةف  المبنى.  شهت  نهجةل  ل لاف  التلا ي  الداا  لمتسةن 

: المصمةف اللقمو ل لاف المبنى ،  المه ةل البة و ل لاف المبنى ميى  مىالعديد  ن المة   ت  

  ،  المنظةف التلا ي او المب  و ،   فه م المت ك و التة يل ،  خ ا ز ة ت   اسمدا ل المبنى

 لاجعل الدبة ت المو   ؤكد. تالبة ل المبنةلالمت ك و التة يل   ت ك و الط قل او    تعزيز  ث لةل

ان الى  ملضه   بةن    تف  الط قل  الجما  التة يل   ت ك و  المب  و  المت ك و  غلاف  إ ة   ت 

ميى كل  بطلق مديدو  ؤ ل  ت  المت ك و التة يلتعزيز  ث لةل   خ ا ز ة ت   المصمةف اللقمو  

ت ال بة   ت      ن تصمةف غلاف المبنى  الداا التلا ي.  اقً  لعميةل المتسةن المقملحل ،  

الج صل   الع لفالإدخ ل  اى  ا  كن  جميفل  اى  د اسةل  كت لات  سمل  دن  جم  و  ،   بعد 

مةف الجديدو لم يلا المبنى  ا جف ضً  او الداا التلا ي    م ةلات البتث  حد د  نهجةل المص

المبنى أقل  ن الداا التلا ي ل لاف  بنى د اسل الت لل  فسي بد ن أي  ع لج ت  ل لاف 

اللقمو  التة يل  المصمةف  المت ك و  بةن  المة  ل  يعد  لذا  التلا ي.  الداا  ميى  تؤ ل 



 

 

 :يمة ن البتث  ن سمل اص ل ميى النت  الم لو

 

التف ظ    ج ليقدم الفصل ال ل  لاجعل أدبةل لحدث الد اس ت او  ج ل البتث حةث يجذب  

الب ميى اسمجدام اسملاتةجة ت  جميفل لمتقةق     حثةنميى الط قل  زيداً  ن الاممم م  يشجا 

الع لفاان  ذلك.   او  ليط قل  الةيو  من  لا ل  لاسمهلاك  الصن م ت    ينمج  مو  أسب ب   ةسةل 

الط قل أداا  لتس ب  القديمل  الطلق  تط يل  تف  النقل.  تطبةق ت  ضل  بف   المب  و   س  ل 

المعي   تتةن ل جة ليمب  و ، حةث     الط قل  أداا  لتس ب  المسمجد ل  الجديدو  العميةل  تسمى 

ن المنبؤ  تتيةل اسمهلاك   ن المعم  ي  لمهندسا  سمطةامت ك و الط قل أ   مذجل بن ا الط قل. يب

الط قل الن تج او أي جزا  ن المبنى  ن خلال الملاحل المجميفل لعميةل  ت ك و الط قل أ ن ا  

الم قا المتدد   اسمهلاك الط قل حسب الت جل اوصمةف   يمةن اسمجدام ذلك لم ةةل مميةل الم

اى المب  ى المهندسةن ب لعديد  ن الااة   الق بيل ليمطبةق   ت ك و الط قل     ةزوتمد  او المبنى.  

 . ن أجل تتقةق أقصى اسمجدام ليط قل د ن  اا  عدلات الاسمهلاك

 

داا التلا ي ل لاف المبنى. الداا التلا ي م  صة غل  يقدم الفصل الث  و د اسل  ظليل للأ

لي ته ةل كبةل ميى اسمهلاك الط قل او    ، حةث ا ي قل الط قل بةن البة  ت الداخيةل  الج  جةل

المب  و. يتم ي كل  بنى ميى ح لل ت ازن حلا ي اممم داً ميى خمسل أممدو تشةل ح لل 

 ه  قةمل النقل التلا ي لي لاف ،   عدل  قل الم ازن. يمةن تصنةلا الممدو الجمسل ميى أ

التلا و مبل المه يل ،  اكمس ب التلا و الشمسةل ليمبنى ،  اكمس ب التلا و الداخيةل ليمبنى 

،  اقدان التلا و. تمةنت الة  ن ت او الطبةعل  ن صة غل قد اته   ن أجل ال ص ل إلى ح لل  

د اسل  اهف تنظةف التلا و    انلبة ةل الق سةل.  الم ازن التلا ي الضل  يل ليبق ا او الظل ف ا 

أدت إلى إيج د حي ل  بمةلو لبن ا المتةف   اسملاتةجة ت الة  ن ت التةل او الطبةعل من بليق

يعممد إله م اسملاتةجة ت الطبةعل    ، حةثي لمتقةق  عدلات اللاحل التلا يلاو الداا التلا 

 .ميى الفةلو الل ةسةل لمه ةل البة اةية  بةن الإ س ن  الطبةعل

 

يقدم الفصل الث لث د اسل  ظليل ليمت ك و التة يل او العم  و. المت ك و التة يل مو مميةل 

او التة و     ن حيه   الاسمف دو  ن  شةيل  م  يل تمةن  تقيةد اسملاتةجةل الة  ن الطبةعو  ن أجل

أمف  صد  إله م ليتي ل المبمةلو الجديدو ليمصممةن ليم يب  يعمبل المقيةد التة ي  الطبةعةل.  

البة ةل المجميفل  المتةف اةه   تعزيزم .    ن المت ك و التة يل    يمةن اسمجدامميى الظل ف 

ا المؤ ل ميى  ميف الحة اتج ه  المصمةف الذي يمطيا إلى ميف الحة ا  اتج ه  مم   ن  ةخلال اتج م

أشة ل تة ين الة  ن ت الطبةعةل ، كل  ن المصمةف. يمةن اسميه م تطبةق المت ك و التة يل  ن 

تطبةق ت   تطبةق  ن  كل  الطبةعةل.  لية  ن ت  الممي كل  الطبةعل  الم اد  او  الهة كل   أشة ل 

بهكميه .  يس مد او صة غل مميةل المت ك و التة يل    و التة يل يق دم   سم ى  ت ك والمت ك 

يمف تصنةلا  سم ي ت المت ك و التة يل إلى  لا ل  سم ي ت   ةسةل مو  سم ى الة  ن التو  

البة و.   النظ م  السي ك   سم ى  تطبةق  سم ى  اجل  التة يل     ن  ليمت ك و  مميةل   جتل 

المبنى   ل لاف  التلا ي  الداا  المتسةن  يجب  التة يل  المطبةق    اتج هخمة    ا  ي  المت ك و 

المتةف  المس او  المبنى  غلاف  لمصمةف  اللقمو  النم ذج  يس مد  أن  يمةن  المن سبةن.  م ى 

 . اتص الداا التلا ي ل لاف المبنى المسم حى  ن الطبةعل

 

اللابا د اسل تتيةيةل لج ا ز ة ت   تف اسمجدام المت ك و التة يل.    تعزيز  ث لةليقدم الفصل 

المعي الج ا ز ة ت او المصمةف اللقمو     ت اللقمةل   ظلًا لقد ته  ميى إ م ج او مصل 

المنمج النه  و  المتةف اةي  ت ةةله بسه لل. يمةن إ م ج مدد لا  ه  و  ن الجة ل  ن خلال  

د المصممةن بعدد م  ل  ن المف مةف  الاة   المعقدو.  م  يمتة ين خ ا ز ةل  احدو  بسةطل  



 

 

 ملخص الرسالة
 

 

،  جه ل التممة ل  ا البة  ل الج   جة ل غلاف المبنى خط ال دا  ا ال ل ليبة  ل ال داخية ل او الم ا  ديع  

الع ا ل الل ةس   ةل  المتةطل بي  ن  خص     ص   ي  ته ةلاتي ميى المب  و    ل المبنى ظةف  تعد 

تممثل ال ظ  لا الس    س   ةل  الل ةس   ةل ل لاف حةث   المس   مجد ل او تعليلا غلاف المبنى

البة ل    داخلاللاحل     عدلات  ت اةل ال ن  المه ى. يس مد غلاف المبنى او تتقةقالمبنى او 

ض   ا النه    التلا و  الص   تة ت    ن خلال تتقةق ااض  ل  عدلات  مةنل لةل  نالمبنةل  

غلاف  يعمل  الط قل الش مس ةل  ج دو اله اا الداخيو   ق   ل التليق  المتةف او اللب بل.

ايض   يس  مف ،  .تقةق اللاحل التلا يل لج دو البة ل الداخيةل ليمب  ولكةزو أس  س ةل لمكالمبنى 

 . ليمبنى  ن الداخل  الج  جغلاف المبنى او ت اةل بة ل جم لةل 

 

، مب  واى ال  ته ةل كبةل ميى اسمهلاك الط قلالداا التلا ي أحد أمف الع ا ل المو له     ديع

المنبحةث   ب سمجدام  المعم  يةن  ليمهندسةن  ليمب  و    ؤيمةن  التلا ي  الداا  يمف   حس ب  ان 

الاحم ل  ب سمجدام التس ب ت المقديليل لمجم ا    ليمب  ى  ظل ف البة ل الداخيةل  تعزيز  تتسةن

اسمجدام الج ا ز ة ت او   ميى صعةد اخل يمف .المدا ل  المبليد  لةل  ن  التلا يل المةمسبل

يمةن أن تؤ ل ميى الداا التلا ي.  الهندسل المعم  يل لم لةد أشة ل  سم ح و  ن الطبةعل  

المت ك و   - نهجةل المصمةف المعم  ي المبنةل ميى إب   "النمذجل    ميى اسمجدامالبتث    يق م

تف تتسةن تصمةف غلاف المبنى  حةث   ى،او الداا التلا ي ل لاف المبن المتسةن" ليمتةف -

التة يل  ثل  مالمع المت ك و  خ ا ز ة ت  ب اسطل  الداا    ي  لمقيةل  الجةنةل  الج ا ز ة ت 

إ ة  ة ت تتسةن الداا التلا ي ل لاف المبنى من بليق تقيةل   البتث  التلا ي. يسمةشلا

ا لي حدو  الإجم لةل  التلا يل  ت ضح  الحم ل  المة تب.  او  بنى  أن    البتث   م  جلمقملحل 

فل او الع لف قد ا جفضت د اس ت الت لل المجميفل للأحم ل التلا يل الإجم لةل او   اقا  جمي

الاام ب لت لل  المتسةن.  مند  ق   مه   مميةل  قبل  للاضةل  المتمميل  المة ين ت  تقديف  ف  لاتف 

 . اى  ه يل البتث لا ي او المصمةف المعم  يالمبنى لمتسةن الداا الت
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Thesis Title: Enhancing Thermal 

performance Of Building Envelope using 

Biomimetic optimization algorithms 

تتسةن الاداا التلا ى ل لاف   عنوان الرسالة: 

المت ك و   معزيزلج ا ز ة ت ال المبنى ب سمجدام

 ل البة ل جة 

The research aims to enhance the thermal 

performance of the building envelope 

using biomimetic algorithms such as 

genetic algorithms so it investigates an 

architectural design Methodology based 

mainly on a “Modeling–Simulation–

Optimization” framework. It explores the 

possibilities of enhancing the thermal 

performance of the building envelope by 

reducing the total thermal loads of a 

proposed unit in an office building. Results 

demonstrate that the total thermal loads 

different case studies in different locations 

in the world are decreased when compared 

with the default state before the 

optimization process. Finally, possible 

configurations of the building envelope are 

presented to enhance thermal performance 

in real architectural design. 

 

الى البتث  تصم  يهدف  غلاف تتسةن  ةف 

المع خ ا ز ة ت  مالمبنى  ب اسطل    ي 

الجةنةل  الج ا ز ة ت  التة يل  ثل  المت ك و 

ميى  البتث    حةث يق م  لمقيةل الداا التلا ي

المبنةل   اسمجدام المعم  ي  المصمةف   نهجةل 

المتسةن"   -المت ك و    -ميى إب   "النمذجل  

المب ل لاف  التلا ي  الداا  او  نى. ليمتةف 

الداا   البتث  يسمةشلا  تتسةن  إ ة  ة ت 

تقيةل  بليق  من  المبنى  ل لاف  التلا ي 

الحم ل التلا يل الإجم لةل لي حدو المقملحل  

ت ضح  م  ج المة تب.  أن   تثالب  او  بنى 

التلا يل   للأحم ل  المجميفل  الت لل  د اس ت 

قد   الع لف  او  او   اقا  جميفل  الإجم لةل 

الااملاضةل  ب لت لل  مند  ق   مه   ا جفضت 

تقديف   يمف   ، أخةلًا  المتسةن.  مميةل  قبل 

ل المتمميل  لمتسةن  لاالمة ين ت  المبنى  ف 

المعم  ي  المصمةف  او  التلا ي  الداا 

 التقةقو.
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 تحسين الاداء الحرارى 

خوارزميات اللغلاف المبنى باستخدام    

ة المحاكاة البيولوجي تعزيزل  
 

 

بتثةل  قد ل كجزا  ن   س لل  

اى الهندسل  او الفيسفل و مطيب ت المقديف ليتص ل ميى د جل الدكم  ا

  المعم  يل
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