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Abstract 

The building sector is a first-rate contributor to energy consumption and carbon emissions, making the development of climate-

responsive building envelopes increasingly vital for countries experiencing rapid urbanization and environmental pressure. In 

Bangladesh, where high temperatures, humidity, solar exposure, and the growing intensity of urban heat create significant 

challenges to building performance, facade design has considerable potential to reduce energy demand and improve indoor 

environmental conditions. Although previous studies have examined individual sustainable facade techniques, including adaptive 

shading, high-performance materials, green walls, and other green facade technologies, there remains a lack of an integrated 

approach that evaluates these techniques collectively under the climatic and architectural conditions of Bangladesh. In particular, 

limited research has connected facade-level interventions with energy performance, indoor thermal comfort, and urban heat 

mitigation within a coherent green-envelope framework. This research, therefore, aims to examine the potential of the Green 

Envelope as an integrated approach to sustainable facade design in Bangladesh. The study has four major objectives: (1) to 

identify and critically examine sustainable facade techniques applicable to the climatic and environmental conditions of 

Bangladesh; (2) to evaluate the effectiveness of adaptive shading, high-performance materials, and green-wall systems in 

improving building energy performance and indoor thermal comfort; (3) to investigate the potential contribution of green facade 

interventions to reducing heat gain and mitigating urban heat-island effects; and (4) to develop design recommendations for 

integrating these strategies into climate-responsive and resilient building facades. The research combines a review of relevant 

literature with architectural case-study analysis, field-based observations, and environmental performance simulations to assess 

facade strategies under local climatic conditions. The findings are intended to establish a more integrated understanding of how 

green-envelope interventions can be combined rather than implemented as isolated measures. The study contributes a context-

responsive framework for architects, urban planners, and policymakers seeking to improve building environmental performance 

and climate resilience in Bangladesh. While the research focuses mainly on facade-level strategies and simulated performance, 

further investigation through long-term monitoring and post-occupancy assessment is recommended. The proposed method can 

also provide a foundation for adapting green-envelope strategies to other developing-country contexts facing comparable climatic 

and urban challenges. 
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1. Introduction 

Bangladesh, one of the world's most densely populated 

countries, is undergoing rapid urbanization, with over 160 

million people within 147,570 square kilometers, economic 

and population growth. As cities expand at a record speed, the 

demand for sustainable construction is more important than 

ever. The main challenge lies in balanced development with 

environmental responsibility. Adding it is the hot, humid cli-

mate of Bangladesh - long summer, mild winter, and a mon-

soon season - which affects the construction design in terms 

of energy use, thermal comfort and disaster flexibility. Reduc-

ing energy use and environmental impact - architectural reac-

tions are expected to address these climate demands without 

compromising aesthetics. The center of this effort is the con-

struction of the building, or the "skin" of a structure, which 

plays an important role in energy performance, comfort and 

environmental impact. Since high-growing buildings domi-

nate the urban skyline, facade design should now prioritize so-

lar control, natural ventilation, and reduce the dependence on 

artificial light and cooling. 

The concept of "green envelope" has emerged as an im-

portant strategy. It integrates green walls, dynamic shading 

and high-demonstration materials to address issues such as 

heat islands, air pollution and biodiversity loss. The study ex-

amines mask strategies through case studies and simulation to 

guide permanent urban design in Bangladesh. 

2. Methodology 

This study adopts a qualitative research method combining 

a literature review, architectural case-study analysis, semi-

structured interviews, field observations, climate-data analy-

sis, and environmental performance simulations. The method-

ology was structured to identify sustainable facade techniques, 

observe their application within the Bangladeshi context, and 

evaluate their potential contribution to building performance 

under local climatic conditions. 

2.1. Literature Review 

A literature review was carried out to identify relevant re-

search on sustainable facade design, green envelopes, climate-

responsive architecture, passive environmental techniques, 

and building-envelope performance. Both international and 

Bangladesh-focused academic literature were reviewed to 

identify commonly applied facade strategies and their re-

ported environmental benefits. Particular attention was given 

to adaptive shading, high-performance facade materials, green 

walls, natural ventilation, solar heat control, thermal comfort, 

and urban heat mitigation. The findings from the literature 

were used to establish the key variables and facade strategies 

considered in the subsequent case-study and simulation stages. 

2.2. Case-Study Analysis 

Selected architectural projects in Bangladesh were exam-

ined as case studies to understand how sustainable facade 

techniques are implemented in existing buildings. The case 

studies were assessed using a common set of criteria, includ-

ing climatic responsiveness, facade configuration, material se-

lection, solar control, natural ventilation, greenery, passive de-

sign integration, and overall environmental performance. The 

evaluation focused on identifying both successful applications 

and limitations of the strategies used in each project. This 

comparative assessment provided a contextual basis for iden-

tifying facade strategies that could be further examined 

through the proposed design and environmental simulations. 

2.3. Field Observation and Expert Interviews 

Field-based observations were conducted to study the phys-

ical characteristics and environmental conditions of selected 

projects. Observations focused on facade orientation, shading 

elements, openings, vegetation, material use, airflow-related 

features, and the relationship between indoor and outdoor 

spaces. In addition, semi-structured interviews were con-

ducted with architectural practitioners and relevant experts to 

gain professional perspectives on the practical challenges and 

opportunities associated with sustainable facade implementa-

tion in Bangladesh. The interview discussions considered is-

sues such as material availability, construction practices, 

maintenance, climatic responsiveness, economic feasibility, 

and the applicability of sustainable facade strategies within lo-

cal practice. 

2.4. Climate Data Analysis 

Relevant climatic data for Bangladesh were analyzed to es-

tablish the environmental conditions affecting facade perfor-
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mance. The analysis considered factors such as outdoor tem-

perature, solar radiation, humidity, and other relevant climatic 

parameters influencing heat gain, thermal comfort, and facade 

response. These climatic conditions were used as the basis for 

identifying appropriate passive facade techniques and for es-

tablishing the environmental conditions used in the perfor-

mance evaluation. 

2.5. Environmental Performance Simulation 

Environmental performance simulations were carried out to 

study the effects of selected facade strategies under local cli-

matic conditions. The proposed facade design was assessed by 

comparing relevant performance conditions before and after 

the application of selected sustainable facade interventions. 

The simulation process focused on evaluating the potential ef-

fects of facade strategies on building energy performance and 

indoor thermal conditions. The simulation results were then 

compared and interpreted in relation to the findings from the 

literature review, case studies, field observations, and expert 

interviews. 

2.6. Data Synthesis and Framework 

Development 

The findings from the literature review, case-study analysis, 

field observations, interviews, climate-data analysis, and en-

vironmental simulations were synthesized to identify relation-

ships between facade strategies and environmental perfor-

mance. The combined findings were used to develop a con-

textual Green Envelope approach for Bangladesh. The result-

ing framework brings together passive cooling, solar control, 

sustainable materials, green facade systems, and other con-

text-responsive strategies to support sustainable facade design 

in urban environments. The methodology therefore moves 

from evidence identification and contextual analysis to strat-

egy selection, performance evaluation, and design recommen-

dations. 

3. Meaning and Ideologies of Vernacular 

Architecture 

Vernacular architecture A term used to describe traditional 

or local architecture that is built and constructed using local 

materials and resources, and is suited to the local culture and 

climate Refers to buildings and dwellings built by local people 

over time, usually without architects or engineers hard work-

ing explains the ideas perfectly. These are few points that pre-

cisely outlines the different ideologies about Vernacular Ar-

chitecture [63]: 

1) A neighborhood or region is called traditional, local, or 

indigenous architecture. 

2) It is functional and takes into account the resources, cul-

tural values, and needs of its users. 

3) Close relationships with the natural environment are of-

ten one of the defining characteristics of vernacular ar-

chitecture. 

4) Generally, construction methods and materials readily 

available in the field are used + 9. 

5) Houses, restaurants, buildings and even churches are all 

examples of types of buildings that can be considered 

vernacular architecture. 

6) The local climate, topography and lifestyle are all incor-

porated into its design. 

7) Cultural beliefs, historical events and historical signifi-

cance of a place or community are reflected in the archi-

tectural style known as vernacular architecture. 

8) Analysis of a particular region can provide insight into 

its cultural practices and worldview. 

9) Buildings with more contemporary, professionally built 

architecture may not be as sustainable or resource-effi-

cient as those with vernacular architecture. 

10) The protection and preservation of vernacular architec-

ture can help to preserve the history and identity of a 

community, and can be an important way of celebrating 

cultural traditions of the past. A neighborhood or re-

gion is called traditional, local, or indigenous architec-

ture. 

Integration of architectural architecture into the frontal de-

sign is necessary for the development of durable and culturally 

appropriate buildings. Vernacular architecture reflects a 

deeper understanding of the local climate, using properties 

such as mechanical sheds and ventilation techniques to im-

prove energy efficiency and comfort. It affects the culture and 

historical context of a place and helps maintain relationships 

with local traditions and inheritance. Local use of acidic ma-

terials and production techniques means language architecture 

creates permanent alternatives that have minimal environmen-

tal impact and contribute to the social economy. Including aes-

thetics, traditional shapes, textures, and patterns in the modern 

border creates a design that coheres with the surroundings 

while remaining modern. Finally, with reference to the ver-

nacular architecture on facade design resulting in buildings 

that are more sustainable, manageable and more connected to 

their local environment [42]. 

4. Sustainability and Sustainable 

Development 

Several attempts have been made to define the concept of 

sustainability. Sustainable Progress is defined in every word 

and in one concept. Sustainable. They are determined that pro-

gress will ensure that every individual lives better and better, 

and for now generations to come. This requires achieving four 

main objectives simultaneously the whole world [30]. 

1) Social identity development; 

2) Effective environmental protection; 

3) Judicious use of natural resources; 
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4) Maintaining high and stable economic growth and per-

formance. 

The basic concept of sustainability is to focus on environ-

mental conditions that have qualities of the product that en-

hance the surroundings so that it can reduce undesirable parts 

of these raw materials. Housing needs to respond surround-

ings and placement from the system side when facing down-

wards with nature. 

4.1. Selected Concepts of Sustainability and 

Sustainable Development 

The concept of sustainability to be used in the corporate 

community, developing the principle of triple bottom line. Tri-

ple bottom line refers to the three prongs of social, environ-

mental and financial performance, which are directly tied to 

the concept and goal of sustainable development. They are 

highly interrelated and are of equal importance [18]. Requires 

meeting the basic needs of all people and extending opportu-

nities for economic and social advancement. Finally, the term 

also implies the capacity of development projects to endure 

organizationally and financially. A development initiative is 

considered sustainable if, in addition to protecting the envi-

ronment and creating opportunity, it is able to carry out activ-

ities and generate its own financial resources after donor con-

tributions have run out [67]. 

 
Figure 1. pillar concepts of sustainability [51]. 

4.2. Sustainable Design and Architecture 

In recent years, there has been an increasing amount of lit-

erature on permanent buildings and structures. The most im-

portant idea of stability is to focus on environmental condi-

tions, so that a designed product with maximum internal char-

acteristics of the environment can be achieved, enabling it to 

reduce the unwanted elements of these buildings. Buildings 

should respond to the environment from the design level and 

reduce their impact to cope with nature. The aims of sustaina-

bility in environmental design as follows [30]: 

1) Maximizing the human consolation 

2) Efficient planning 

3) Design for exchange 

4) Minimizing waste of areas 

5) Minimizing creation prices 

6) Minimizing buildings renovation prices 

7) Protecting (keeping) and improving natural values 

Stability in structure is the imagination of design and con-

struction for the future. Stability is not only effective against 

physical instability, but also supports the continuity and pro-

tection of the Earth and its power sources. Sustainable struc-

ture integrates goals consisting of technology and human val-

ues. Ecosystems were defined by the International Commis-

sion on Building (CIB) in 1994 to create and rehabilitate eco-

system management and resources, and to reduce their nega-

tive effects on permanent architectural traps and on the entire 

natural environment, including the building, the surroundings, 

and regional and global environments [46]. 

In a comprehensive and broad sense, durable architecture 

can be defined as architecture that reacts to and interacts with 

the environment and local references, using the abilities of liv-

ing organisms to create a positive environmental environment 

that is flexible, optimized, and adaptable to developing needs 

and environmental decline. In addition to reducing the envi-

ronmental impact and trying to balance the environment, sus-

tainable architecture is characterized by its unique local char-

acter [30, 65]. 

4.3. Sustainable Construction 

Sustainable architecture is defined as “the construction and 

responsible use of an optimal built environment based on con-

servative biological principles” [67]. The OECD project has 

identified five objectives for sustainable housing [67]: 

1) They are used properly. 

2) Energy efficiency (including greenhouse gas emissions 

reduction); 

3) Pollution prevention (including indoor air quality and 

noise abatement). 

4) With the environment (including environmental assess-

ment). 

5) Integrated strategies and planning (including environ-

mental controls system). 

Some selected definitions about sustainable construction 

and building are- (a) A high-performance property that con-

siders and reduces its impact on the environment and human 

health (Yudelson 2008) [33]. (b) Healthy facilities designed 

and built in a resource- efficient manner, using ecologically 

based principles (Kibert 2008) [33]. (c) Sustainable building" 

can be defined as those buildings that have minimum adverse 

impacts on the built and natural environment, in terms of the 

buildings themselves, their immediate surroundings and the 
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broader regional and global (OECD project) [51]. 

4.4. Advantages of Sustainable Facade 

Not only with the environment in mind when creating their 

products, but also how the products behave in their used lives: 

Facades are like creative marvels of the Spanish architect San-

tiago Calatrava for Expo 2020 in Dubai has the following ad-

vantages [38]. 

1) They do not change the ecology or location of the build-

ing, or where the materials used were built. 

2) In some cases, such as green or KRION-painted facades, 

the material is exposed to the air surrounding the build-

ing. 

3) The energy efficiency of buildings is improved, espe-

cially when certain construction techniques, such as 

front ventilation, are also used. 

4) Reusable. Once mineral-rich materials like KRION 

reach the end of their useful life, they can be recycled to 

provide new raw materials for other applications. 

4.5. Key Factors in Achieving Building 

Sustainability 

Experts worldwide agree that sustainable buildings should 

be designed as a whole considering economic, social and en-

vironmental impacts [43]. Decisions should focus on long-

term rather than immediate benefits, with the active involve-

ment of all stakeholders, especially local users, owners and 

communities directly affected by the development. In this 

context, the following seven parameters are used to assess the 

sustainability of the building [68]. 

1) Site selection and building orientation 

2) Energy consumption 

3) Material selection 

4) Indoor environmental quality 

5) Water consumption 

6) Construction methodology 

7) Life-cycle costing 

Decisions affecting the stability of architecture are often be-

yond the control of the same authority, such as the owner or 

architect. The site's deficiency can limit alternatives—for ex-

ample, in residential areas in Dhaka, small plot sizes and com-

pulsory faults lead to a densely produced atmosphere with 

minimal vacancy between structures, operating according to 

large-scale rules. Nevertheless, many stability aspects are di-

rectly shaped by architectural design. Early decisions at the 

design stage can increase environmental benefits for a build-

ing. These stability dimensions are also deeply connected. En-

ergy consumption not only involves operational use—such as 

lighting, heating, and cooling—but also energy for cooking, 

water supply, and operating mechanical systems. In addition, 

the energy involved in physical production, transport, and 

end-of-life processes contributes significantly to the footprint 

of a building. Therefore, material choices and construction 

techniques should match permanent principles. Experts dis-

couraged the traditional, rapid care of economically focused 

approaches to new construction and encouraged a shift toward 

integrated, environmentally responsible strategies in both de-

sign and politics [62]. 

Sustainable components often come with a higher upfront 

cost compared to conventional options. For example, in-

stalling solar energy systems or low-energy lighting is typi-

cally more expensive than using conventional electrical sys-

tems. However, when considering the long-term costs and 

benefits, sustainable solutions are more economical in the 

long run and offer significant environmental advantages that 

are priceless. 

5. Effects of Climate Change on Building 

Facade Materials 

Thus, changes in humidity and temperature due to climate 

change can affect expansion and contraction of facing ele-

ments, causing cracking, corrosion, corrosion and other types 

of damage, thereby driving maintenance requirements high 

because property owners may need to replace or repair dam-

aged facades [10, 54]. In Bangladesh, average daily tempera-

tures generally range from 24 to 32°C depending on the season 

and region, while temperatures in some parts of the country 

can rise to around 35°C during the hot summer months. In the 

colder months, temperatures decrease, particularly in the 

northern and hilly regions, where average temperatures can 

reach as low as 12°C. Coastal regions experience somewhat 

lower temperatures due to the influence of the Bay of Bengal, 

while winter is generally mild, with lower humidity and cooler 

temperatures, especially during December and January. These 

variations in temperature and humidity can contribute to re-

peated expansion and contraction of facade materials and may 

accelerate material deterioration over time [66]. This can re-

duce productivity and durability, degrading the overall 

strength of the building facade [39]. In summary, the observed 

climate change impacts on facade building materials from ex-

isting literature can be shown as in Table 1 [60]: 

Table 1. Effects of Climate Change on Building Facade Materials. 

Façade Building 

Material 
Climate Change Impact on Facade Building Materials 

Climate Change Pa-

rameters 

Refer-

ences 

Brick Facade Higher moisture content absorption in bricks, weakening their underlying Moisture and [26, 32, 
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Façade Building 

Material 
Climate Change Impact on Facade Building Materials 

Climate Change Pa-

rameters 

Refer-

ences 

strength and causing cracking can be caused 

Erosion or deterioration of brick facade is caused. 

The likelihood of freeze-thaw cycles, in which water trapped by bricks 

freezes is increased and eventually, the development of cracks and damage 

is also caused. 

precipitation variations. 

Extreme weather 

conditions, such as 

severe rain or storms. 

Temperature variations 

41]. 

Glass Facade 

Climate change can have an impact on glass facades due to increased radia-

tion from the sun and temperature. 

Increased temperatures and increased sunlight can cause more solar heat 

uptake, resulting in higher cooling demands and consumption of energy for 

climate management inside the building. 

Increased UV radiation from climate change may lead to fading or discol-

oration of the glass facade. 

Temperature variations 

and solar radiation 
[1, 58]. 

Concrete Facade 

Temperature increases are capable of accelerating the carbonation process 

in concrete, resulting in rapid degradation and poorer durability. 

Increased temperatures also result in higher drying shrinkage in concrete, 

which can lead to cracks and poor structural integrity. 

Extreme weather conditions, including heat waves or droughts, are capable 

of accelerating the carbonation process in concrete, resulting in rapid deg-

radation and poorer durability. 

Rising sea levels caused by climate change can further increase saltwater 

exposure and corrosion of concrete facades in areas near the coast. 

Temperature variations 

Extreme weather condi-

tions, such as heat 

waves or droughts. 

Rising sea levels 

[19, 21, 

32, 41] 

Stone Facade 

An increase in precipitation and moisture can hasten the weathering of 

stone facade, causing erosion, staining, and numerous other kinds of degra-

dation. 

Freeze-thaw cycles can additionally harm stone facade, particularly in ar-

eas with extreme temperature variations. 

Increased air pollution caused by climate change may accelerate the deteri-

oration of stone facades because pollutants can interact with stone surfaces, 

causing discoloration as well as corrosion. 

Precipitation variations 

Temperature variations 

Air pollution variation 

[26, 32] 

Wooden Facade 

Increased humidity and precipitation are capable of causing the wood to 

swell, bend, and rot, resulting in reduced durability and structural strength. 

Variations in patterns of precipitation can additionally affect the inherent 

durability of wood, hence decreasing its function as a facade material. 

Rising temperatures might raise the danger of infestations of insects and 

fungal degradation in timber facade. 

Moisture and precipita-

tion variations 

Temperature variations 

[25, 26, 

32] 

Metal Facade 

Rising precipitation and moisture can hasten metal corrosion, resulting in 

rust and poor structural performance. 

Extreme weather occurrences, such as storms or hailstorms, are also capa-

ble of causing physical harm to metal facade, resulting in scratches, dents, 

and various other different kinds of deterioration. 

The rise in sea levels can further boost the likelihood of corrosion of metal 

facade in coastal locations owing to saltwater exposure. 

Moisture and precipita-

tion variations 

Extreme weather occur-

rences, such as storms 

or hailstorms 

Rising sea levels 

[21, 32, 

41] 

 

6. Environmental Implications of 

Various Facade Designs 

The environmental impact of a building facade is determined 

by many factors, such as the materials used, the orientation of 

the building, the amount of natural light and ventilation allowed, 

and the energy consumption of the building envelope use it 

properly. As a summary, the identified environmental impacts 

of different facade types can be denoted in Table 2 [60]. 
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Table 2. Environmental Implications of Various Facade Designs. 

Facade Type Environmental Impact of Facade Building Materials References 

Brick Facade 
Brick facades take less energy to cool and heat. Low carbon emissions can be traced back to 

construction. 
[13, 14, 40] 

Glass Facade 

Glass fronts are known for their beauty and flexibility to adapt to natural light. However, their en-

ergy consumption can be increased due to heat gain in summer as well as heat loss in winter. As a 

result, greenhouse gas emissions and energy costs can rise. 

[5, 52, 53] 

Concrete Facade 

Concrete surfaces last longer and are easier to maintain, but the production of cement, an important 

component of concrete, contributes significantly to greenhouse gas emissions, and because concrete 

does not act as a non-insulating material, it can lead to higher energy consumption. 

[11] 

Stone Facade 

Although stone facades last longer and require less maintenance, natural stone construction and ship-

ping can produce more carbon dioxide. Also, stone is a poor insulator, so masonry facades may re-

quire more energy to heat and cool 

[27, 37] 

Wooden Facade 
Low energy can be observed in the process. Low carbon footprint due to the wooden facade. This 

face has a durable insulation. 
[55] 

Metal Facade 

Metal facades can be made from recyclable materials, reducing their impact on the environment. The 

metal, on the other hand, can act as a poor insulator, and the process can produce more greenhouse 

gases. 

[15] 

 

7. Architectural-facade-related Research 

Study 

The research into architectural facades has led to a more com-

prehensive theoretical foundation, continually enriching rele-

vant theories and applications. German architect Herzog’s book, 

Handbook of Facade Construction, explores foundational theo-

ries of facade construction, reflecting on design requirements 

across various building types. It includes detailed examples of 

constructions using materials like wood, glass, and plastic [28]. 

David Highfield’s The Construction of New Buildings behind 

Historic Facades provides a thorough examination of measures, 

conservation principles, and specific programs for preserving 

historic facades, underscoring their importance in the restora-

tion process [29]. William Foulks’s Historic Building Facades: 

The Manual for Maintenance and Rehabilitation serves as a 

practical guide, detailing the styles and materials of facades 

from different periods and offering operational plans for their 

inspection, repair, and maintenance [22]. Malewczyk’s research 

delves into contemporary Polish architecture, analyzing com-

positional strategies and perceptual aspects of local residential 

facades [44]. Noaime studies the use of geometry and scale in 

residential facades in Aleppo, analyzing historical documents 

and photographs to reveal how windows, doors, and balconies 

interact with their environment [50]. 

Additionally, new technological tools are advancing facade 

studies. Shan employs image recognition algorithms and the 

CA-MSResNet model to capture and identify facade elements 

and stylistic categories of Harbin buildings [56]. Cheng utilizes 

3D laser scanning to model and analyze traditional village fa-

cades in Huizhou, South Anhui Province and uncovering organ-

izational patterns [17]. Shen creates a mathematical model to 

analyze unique elements of ancient Chinese wooden building 

roofs, focusing on their functional, hierarchical, and aesthetic 

aspects [57]. Zhang’s CGAN-based design technique for vil-

lage and city facades offers valuable references and improves 

design efficiency [69]. Tang’s generative design methodology 

uses knowledge discovery and digital generation to create di-

verse, reference able facades, aiding the conservation and re-

newal of traditional architectural settlements [59]. Research 

about architectural facades in Bangladesh is integrating tradi-

tional aesthetics and sustainable modern practice to a new level. 

Researchers are considering climate-responsiveness strategies 

(passive cooling and energy efficiency) that incorporate local 

materials (brick and jute fiber composites) enhancing durability 

and thermal performance, to improve the cultural identity. In-

novative technology using 3D scanning and computational de-

sign is being leveraged on new interpretations of traditional em-

bellishments. This work is developing facades that embrace en-

vironmental accountability, and honor Bangladesh’s historic 

characteristic of architecture [4]. 

These studies typically involve extensive case collections 

and analyses, discussing architectural design, materials, forms, 

and their interrelationships. 

8. Advancements in Sustainable Building 

Rating Systems in Bangladesh 

In Bangladesh, it is important to design aspects of the build-

ing with stability in mind to build green buildings. Nature-
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friendly facade design not only improves the visual appeal of 

buildings, but also helps reduce the carbon footprint. At the 

moment, the LEED ranking system is the primary tool used in 

the country to assess green buildings. While LEED is very ef-

ficient and recognized for commercial structures, its complex-

ity makes it less convenient for ordinary housing projects. To 

promote more urban green houses, we need simple and more 

accessible standards for the evaluation of everyday homes. 

One approach may be to use the same energy-saving policy as 

in the UK. In addition, Bangladesh supports a bank refinanc-

ing strategy for energy efficiency by offering soft credit op-

tions. For LEED-certified industries, it provides funding at a 

low interest rate of up to 9% [4]. The bank also mandates that 

commercial banks offer lower interest rates for green technol-

ogies used in light industry buildings. In 2016, the Bangladesh 

Bank introduced a green finance credit limit, requiring banks 

and financial institutions to allocate 5% of their total loans to 

green initiatives. This financial support for sustainable build-

ing practices is commendable [12]. 

The Bangladesh National Building Code (BNBC) also 

plays a vital role in promoting green building practices. The 

BNBC includes guidelines for enhancing building design and 

construction to support sustainability. Its focus on energy and 

water efficiency, as well as resource conservation, aims to fos-

ter a positive environmental impact [4]. By emphasizing 

safety and efficient use of resources, the BNBC helps make 

green building a practical and long-term design strategy. 

9. Swot Analysis of Green Buildings 

Sector in Bangladesh 

This section emphasizes holes, obstacles, and opportunities 

to promote Green Building (GB) policy in Bangladesh based 

on current practice and expert insight. Forces include existing 

guidelines and contours, as well as available techniques for 

GB and almost zero-energy buildings (NZEB), as well as tra-

ditional architecture. However, challenges remain—the con-

ditions in the building area face limited access to GB 

knowledge, the ability of construction and public awareness, 

and coordination between organizations is weak. The absence 

of a national action plan and slower progress is due to inade-

quate phase funding. The dangers include dependence on 

Western GB ranking systems, resistance to changes in the re-

gion, and increased natural disasters due to climate change. 

Nevertheless, GB/NZEB has opportunities through increasing 

global interest, reduced construction costs, and growing for-

eign investments. Bangladesh can also benefit from using in-

ternational best practices through knowledge sharing and col-

laboration [3]. 

Table 3. SWOT analysis of Green Buildings sector in Bangladesh. 

strengths 

Guidelines and frameworks are established 

Technologies and methods for Bangladesh 

context exist 

Local materials commonly used 

weaknesses 

Lack of knowledge among stakeholders, need for capacity building and training of experts and sensitization of the 

populace 

Lack of coordination and collaboration among organizations. 

Financing frameworks are in nascent stages 

Lack of a national strategy and action plan 

opportunities 

Increasing global awareness of GB 

Decreasing costs for GB 

Availability of foreign investors and development opportunities 

Many good practices exist internationally 

Threats 

Dominance of conventional/western construction techniques 

Reluctance of building sector to change 

Increasing frequency of occurrence of natural disasters 

 

10. Responsibility of Architects 

Architects are basic problems. Their training gives them the 

ability to convert customers' wishes into specific realities, and 

often reveals these requirements through interviews, interac-

tions, and even behavioral observations. In addition to com-

pleting the customer's vision, the architects are also responsi-

ble for assessing the environmental impact of their designs. 

Environmental decline is often associated with arbitrary de-

velopment, mainly inspired by economic benefits. While de-

velopment is an important priority for many customers, archi-
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tects should be in this ambition by explaining the conse-

quences of uncontrolled development [24]. In Bangladesh, 

this responsibility is especially important when it comes to de-

signing the durable. As the country develops rapidly, archi-

tects should know deeply about the need to balance economic 

goals with environmental stability. Decisions made by archi-

tects, especially about construction, can have a major impact 

on stability in development projects. Therefore, it is important 

for architects in Bangladesh to be well aware of sustainable 

design practices, ensure that their projects contribute posi-

tively to the environment, and provide an example for respon-

sible development. 

11. Designing Sustainable Facades and 

Material Applications 

When we go through our surrounding cities, we are sur-

rounded by buildings—but their facades often do not get at-

tention. This neglect has serious environmental consequences. 

While sustainable facades are widely discussed, the deeper as-

pects of green exteriors are often ignored. These large urban 

structures leave a significant environmental footprint, but du-

rable facade design provides a powerful way to reduce their 

impact. It's not just about reducing energy consumption—it’s 

also about people’s comfort and improvement in well-being. 

These facades can be both beautiful and beneficial, contrib-

uting to energy efficiency, thermal performance, and low car-

bon emissions. 

The key to achieving this lies in the thoughtful selection and 

use of materials, which play an important role in determining 

how a building interacts with its surroundings. By focusing on 

material choice and integrated design strategies, we can make 

durable facades into practical, real-world solutions—helping 

urban spaces become more resilient, vibrant, and environmen-

tally responsible. 

11.1. Natural Ventilation System as an 

Aesthetic Facade 

Evaporation is a hundred-year-old technology, with roots 

going back to ancient Egypt, where people used water-filled 

porous earthen jars to cool their dwellings as the water gradu-

ally evaporated. The Romans also discovered similar methods, 

channeling cold water through clay and stone pipes inside the 

walls. Delhi-based company Ant Studio, building on this an-

cient knowledge, has introduced a modern version called 

"Cool-Ant." This innovative system uses terracotta cone struc-

tures and flowing water to naturally lower temperatures, 

providing a low-energy alternative to traditional air condition-

ing. Inspired by centuries-old practices found in places such 

as India, Iran, Egypt, Saudi Arabia, and Bangladesh, Cool-Ant 

reimagines passive cooling for today's architectural needs. In 

addition to being functional, the system acts as a visually strik-

ing building facade. It not only improves thermal comfort but 

also promotes sustainability and reduces environmental im-

pact, making it a thoughtful mix of tradition, innovation, and 

design [61]. 

The design: The beehive-shaped structure is made of 

closely packed terra-cotta cones, designed using modern tech-

nology to get the right shape and size. Water flows over the 

cones once or twice a day, and as it evaporates, it cools the air 

around it. The porous terra-cotta absorbs the water, which then 

seeps to the surface and evaporates, creating cool air. The wa-

ter collects in a basin below, creating a beautiful waterfall ef-

fect [31]. 

Advantages: In addition to reducing the power load for 

homes and commercial places, this installation provides many 

other major benefits. It uses environmentally friendly materi-

als, including locally recycled water and reusable steel, mak-

ing it a cost-effective solution. The system requires minimal 

power (only for the water pump) and a low water supply, as 

the water is continuously circulated and reused during opera-

tion. The water tank needs to be refilled only monthly, or de-

pending on its capacity, there is no need for constant topping 

up. The Beehive pump lifts the water from the industrial plant 

to the top of the structure, where it flows down the surface of 

the clay. Many clay pipes form a large surface area, which in-

creases the cooling effect. Temperature tests showed that Bee-

hives reduced the surrounding air temperature from 107°F to 

97°F. After intensive research, Ant Studio selected clay for the 

Beehive due to its hygroscopic properties, meaning it attracts 

water. The clay has a negative charge that binds with the pos-

itive charge of water molecules, allowing it to absorb moisture 

in both vapor and liquid forms. In addition, the clay is fully 

recyclable, as it is free of complex chemicals or components 

[31]. 

 
Figure 2. Diagram of beehives cooling system. 
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Figure 3. Possible facade design. 

 
Figure 4. Beehives cooling system. 

 
Figure 5. Section of beehives cooling system. 
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11.2. Hollow Concrete Blocks as Building 

Facade 

Hollow concrete blocks are a popular, cost-effective design 

material—especially for compound walls—thanks to their 

lightweight nature and reduced use of cement. Harmon S. 

Palmer introduced these blocks in 1890. They have evolved 

from manual to highly automated production, now reaching 

outputs of up to 2,000 blocks per hour. In Bangladesh, the 

government's 2019 initiative promotes hollow blocks over red 

clay bricks to reduce environmental impact, aligning with 

global sustainability goals. In addition to structural use, raw 

hollow blocks provide creative potential in facade design. 

Their modular shapes can create striking patterns, while the 

hollow spaces support vertical greenery, enhancing both aes-

thetics and environmental performance. This indicates a grow-

ing architectural shift toward durable, climate-conscious de-

sign [45]. 

A hollow block can come in many shapes and sizes. How-

ever, the standard size of hollow bricks is 390 X 190 X 100 

mm and weighs between 10 to 11 kg. 

  
Figure 6. Hollow concrete blocks as facade. 

Design flexibility: Hollow concrete block construction pro-

vides an outstanding level of flexibility, with them being well-

suited to any construction intention. They are available in a 

range of sizes and can be constructed to match specific project 

intentions, and yet provide amazing structural durability. 

Their durability allows them to be utilized for everything from 

a one-storey home through to multi-storey buildings, and even 

more complex architectural uses such as pillars, arches, and 

ornate trim. These blocks are also a preferred option for out-

side uses such as retaining walls because they are lightweight 

and easily installed. As they choose materials, most builders 

think about looks and flexibility. Hollow concrete blocks pro-

vide that ideal balance. They allow architects and designers to 

use creative layouts without compromising on structural in-

tegrity. They can even be topped with different types of deco-

rative material to fit disparate designs. That combination of 

functionality and design flexibility makes them a smart, flex-

ible choice for modern construction. 

Durability: A structure made with hollow concrete blocks 

requires minimal maintenance in the long term and is very du-

rable. Concrete blocks are among the strongest building mate-

rials and can render structures built with them very stable and 

resistant to wear and tear. The blocks neither corrode nor de-

cay and are thus suitable for long-term durability. Structures 

built with concrete blocks are also able to endure unfavorable 

environmental conditions like strong winds and earthquakes. 

Consequently, concrete blocks provide better durability and 

resilience than most other materials used in building construc-

tion. 

Energy efficiency: Buildings constructed with hollow con-

crete blocks provide better energy efficiency compared to tra-

ditional red bricks. This is especially beneficial in warm cli-

mate, for example in Bangladesh, where the temperature can 

reach 40°C. Hollow concrete blocks help keep inner cooling 

as a result of stacking cold air, and reduces the need for air 

conditioning and vital energy savings for the citizens. The 

same principle applies in winter, as these blocks are capable 

of maintaining the heat during external temperature drops, 

which gives years -Lang energy efficiency and cost savings. 

Environmentally friendly: Hollow concrete blocks are not 

only green but also greener choices in the raw materials and 

production arena compared to usual burned clay bricks. They 

are made up of dredged river sand, stone dust, and the slightest 

trace of cement, not agricultural topsoil. Unlike red bricks, 

hollow concrete blocks do not require coal or wood for drying 

purposes, thus reducing drastically the amount of air pollution 

and energy requirements of traditional brick kilns. They are 

therefore an eco-friendly choice, minimizing emissions and 

reducing construction costs overall. The majority of countries 

today are encouraging the utilization of hollow concrete 

blocks as a way of creating greener cities for their future gen-

erations. In addition, the substitution of traditional bricks also 

lowers the demand for excavation of topsoil, with 10.25% 

more clay being sourced from river basins for brick produc-

tion, further emphasizing the environmentally beneficial im-

pacts of using hollow concrete blocks. 

Protection against extremities: Hollow concrete block 
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structures offer phenomenal resistance to extreme weather, in-

cluding hurricanes, tornadoes, flood, and storms. Although 

they do get damaged internally during extreme flooding, the 

structure of the building itself will not be harmed structurally. 

Hollow concrete blocks also withstand extremely hot temper-

atures without cracking or sustaining major damage, so they 

are ideal for warm climates. Hollow concrete block dwellings 

offer protection against fires, so the occupants are secure from 

extensive damage during heat waves or fires. Due to their light 

weight, hollow concrete blocks prove especially effective in 

earthquake-prone areas. Bangladesh, lying on a prominent 

fault line and extremely susceptible to earthquakes, would be 

immensely benefited by the adoption of safer building tech-

niques with such blocks. Experts warn Dhaka is particularly 

vulnerable due to its substandard construction practices, and it 

is crucial that the country adopt hollow concrete blocks in its 

new buildings. Hollow concrete blocks also ensure better 

sound insulation, which allows residents of busy city centers 

in densely populated urban cities to enjoy quieter, more peace-

ful living conditions, mitigating noise pollution's impact. 

 
Figure 7. Hollow block as exterior facade with plantation on it. 

11.3. Bamboo as Building Facade 

The use of large giant bamboo poles as a building material 

has become increasingly popular among architects and con-

tractors. Most mistakenly picture bamboo as a type of wood, 

but bamboo is actually a grass. From eye level, the grass-like 

aspect of bamboo becomes apparent, with the "trunk" thicker 

at the base and gradually tapering to a very fine, stringy tip. 

Though not all species types will be suitable for construction, 

sturdy bamboo poles and tre-gai bamboo work well. Bamboo's 

strength with light weight makes it ideal for creating outdoor 

structures. Bamboo can be used for privacy fencing, or simply 

building simple structures like tiki bars. Compared to tradi-

tional wood products, bamboo has several advantages, partic-

ularly sustainability and environmental friendliness, hence 

why it is opted for by many environmentally conscious build-

ing structures [7]. 

Tensile strength: The fibers in a bamboo pole run axially, 

creating amazing strength. In fact, large bamboo poles such as 

solid bamboo poles and tre-gai bamboo poles have a higher 

tensile strength than steel. 

Weight: Bamboo is relatively light. This makes it easy to 

transport and install. 

Elasticity: Bamboo doesn’t snap at the first sign of stress. 

Its elasticity allows it to weather storms and earthquakes that 

would break or crumble other building materials. 

Fire resistance: Bamboo has natural fire resistance due to 

its high composition of water and silicate acid. It can with-

stand temperatures up to 400 degrees Celsius. Special organic 

treatments can improve this natural resistance. 

Compressive strength: Bamboo is a sturdy material. Our 

two favorite species of bamboo are solid bamboo poles and 

tre-gai bamboo poles. Bamboo is often used as weight-bearing 

beams. Even slender poles can shoulder a surprising amount 

of weight without buckling. 

Safety: Bamboo is a very safe building material. Working 

with it is fairly easy and doesn’t carry the risks that some more 

hazardous construction materials like asbestos do. 

Durability issues: Bamboo can be vulnerable to insect and 

fungus attacks. Special treatments are needed to preserve and 

protect it. All of our bamboos are pressure-treated against in-

festation. 

11.3.1. Bamboo Treatment as Facade 

Using bamboo as a treated facade material enhances both 

the aesthetic appeal and environmental sustainability of a 

building. Bamboo facades offer a natural, earthy appearance 

while providing excellent durability. There are various treat-

ment methods for bamboo, but here we will focus on the basic 

treatments suitable for buildings in Bangladesh. 

Operable screens: To effectively address tropical condi-

tions, the facade can be designed with a double skin. The outer 

layer features a vertically-oriented bamboo screen that pro-

vides both privacy and solar protection. The inner layer con-

sists of aluminum-framed glass windows, which allow for nat-

ural ventilation in all weather conditions or can be closed for 

air-conditioning on hot and humid days. This design offers the 

flexibility of natural ventilation while maintaining privacy. 

 
Figure 8. Plan of bamboo facade as operable screens. 
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Figure 9. Bamboo facade as operable screens. 

Bamboo cladding: Bamboo Cladding is a highly durable, 

high-density external board produced from bamboo strips 

compressed together. With a unique heat treatment and com-

pression process, bamboo is provided with the maximum du-

rability class in its suitable formats. Stability, density, and 

hardness are all enhanced through the process to provide an 

ideal product for demanding applications. Bamboo is an abun-

dant and renewable building material. The majority of solid 

bamboo products have a negative carbon footprint over their 

entire life cycle, and they are thus a renewable source alterna-

tive to non-renewable materials and depleted tropical hard-

woods. Bamboo Cladding boards, produced from fast-grow-

ing renewable bamboo, can grow up to 1 meter daily and do 

not lead to deforestation because the plant is still alive once 

the stems are cut. Just like other timbers, bamboo weathers 

over time, developing a grey patina, which gives a perfect, 

natural, and classy appearance [48]. 

 
Figure 10. Bamboo cladding of Apartment blocks De Drie Hofsteden [49]. 

Horizontal use of bamboo as a façade: Using bamboo hor-

izontally as a façade material offers a green and beautiful op-

tion for building design. Not only is bamboo environmentally 

friendly and renewable, but it also has high structural strength, 

making it ideal for façade construction. Where bamboo is used 

can reduce the amount of concrete or brick required, basically 

reducing the building's carbon footprint, as bamboo has no 

carbon footprint to start with. Further, the bamboo would also 

be fixed to the walls using clamps that create counter-re-

sistance to provide the building with strength against wind 

flows. A nylon sheet would also be installed as a rain shield, 

and the pots are located beneath the façade to collect rainwater 

for reuse, further making the design more sustainable. This is 

not only reducing the impact of the environment but also rec-

onciles with green architecture by conserving natural re-

sources maximally and minimizing waste. 
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Figure 11. Drawings of horizontal bamboo facade with other materials. 

 
Figure 12. Possible horizontal bamboo facade module. 

11.4. Wooden Panel as Building Facade 

Timber clearance of timber outside the wall has long been 

famous for its classic appeal and functionality. The ability to 

increase the appearance of any building while offering safety 

and insulation has made wooden panel’s great demand for 

homeowners and architects. Combined with wooden recovery, 

the benefits are even more compelling and are difficult to pro-

test [34]. 

Versatility in design: Wooden cladding provides excep-

tional design versatility, light from classic to modern, adapts 

to a wide range of architectural styles. Either a rustic cabin 

aesthetic can be adapted to fit the desired style to the target or 

a smooth, modern shape, wooden. In addition, the diversity of 

cladding profiles and textures improves design capacity, 

which makes it possible to create individual patterns and 

unique effects. 

Aesthetics and natural beauty: A great advantage of outer 

wood wall cladding is the visual appeal that provides for any 

structure. With its specific grain patterns and rich, warm tones, 

the wood shows the natural beauty and a sense of sophistica-

tion to the exterior. Detailed selection of available tree species 

provides flexibility to homeowners and designers to choose 

the ideal finish that increases architectural style, promotes a 

spontaneous relationship between the nature and the environ-

ment formed. 

  
Figure 13. Seven-storied-office building in Tehran with louvered 

wooden facades. 

Durability and longevity: Regardless of common misunder-

standings, external timber can be incredibly durable and long-

lasting when maintained properly. The wood used for clad-
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ding is usually treated with preservatives and protective coat-

ings, which increases resistance to weathering, decay, and in-

sect damage. With routine care, such as sealing and staining, 

wooden cladding can last for years and prove to be a reliable 

option for external applications. 

Insulation and energy efficiency: Wood has outstanding in-

sulating properties, making it a very energy-efficient alterna-

tive for cladding. External cladding provides an extra layer of 

insulation, which reduces the heat transfer between the inte-

rior and the exterior of a building. It improves thermal regula-

tion, reduces the demand for excessive heating or cooling, 

contributes to energy savings, and supports a more sustainable 

living environment. 

Environmental sustainability: Wood is a renewable re-

source, and thus a green choice for cladding. Purchased wood 

from sustainably forested woodlands assists in supporting sus-

tainable woodland harvesting. In particular, companies such 

as 'Kaltimber' promote timber usage that creates the highest 

sustainability. Timber is a less carbon-intensive product than 

products such as concrete or steel. Using external timber, 

homeowners contribute to reduced greenhouse gas emissions 

and the preservation of natural resource. 

Protection against the elements: Exterior wood cladding is 

an outer cover that protects the building against harsh weather, 

shielding it against rain, wind, and sunlight. Cladding is an 

initial level of protection that defies moisture penetration and, 

therefore, damage to the material behind. Such a shield ex-

tends the building's life period, reducing constant replace-

ments or repairs. 

Acoustic insulation: Wood naturally absorbs sound, and 

hence it is an excellent material for reducing noise pollution. 

Wooden exterior cladding helps in creating a quieter, more 

peaceful living space by absorbing outside noise. This ad-

vantage is especially helpful in cities, where noise pollution 

dominates. 

 
Figure 14. Possible wooden facade module. 

 
Figure 15. 696 office, Poland with wooden facade. 

11.5. Metal Sheet as Building Facade 

With cost-effectiveness and environmental friendliness be-

ing the priorities in today's world, selecting the most appropri-

ate materials for home renovation jobs has never been more 

important. Sheet metal, with sheet metal fabrication versatility, 

has proven to be a smart and eco-friendly choice for home-

owners who seek to balance environmental friendliness and 

affordability. Also, sheet metal is an excellent material in fa-

cade design because of its durability, energy efficiency, and 

aesthetic flexibility, making it ideal for green and sustainable 

architecture. There are many benefits of employing metal 

sheets as a green facade [2]. 

High durability: Sheet metal is renowned for its durability. 

It stands the test of time, ensuring that homeowners don't need 

to worry about frequent replacements or costly repairs. This 

longevity translates to significant savings in the long run. 

Energy efficiency: Another solid reason to use metal in 

home rebuilding is that it is energy efficient. Used as a ceiling 

or siding, metal sheets can increase the energy efficiency of a 

building by reflecting heat and reducing the absorption of so-

lar radiation. This keeps the indoor temperature stable, reduc-

ing heat loss in winter and the need for cooling in summer. 

The result is low energy consumption and lower utility bills, 

which translates into savings over extended periods. When us-

ing metal in facade design, the function of energy efficiency 

becomes even more important. Most modern metal panels 

have reflective coatings that reduce solar heat gain, contrib-

uting to passive cooling methods. They are often used in com-

bination with insulation systems and help improve thermal 

performance. The durability of metal panels and their low 

thermal conductivity ensure that buildings remain efficient 

over long periods, supporting sustainability along with re-

duced maintenance costs. Therefore, metal sheeting is a desir-

able alternative for environmentally friendly projects focused 

on green building. 

Recyclability: One of the most significant advantages of 

sheet metal is its recyclable nature. When it eventually reaches 

the end of its lifecycle, sheet metal can be recycled, reducing 

its environmental impact. This makes it a sustainable choice 

for conscientious homeowners. 
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Lower carbon footprint: The production and transportation 

of sheet metal can have a lower carbon footprint compared to 

some alternative building materials. By opting for sheet metal, 

homeowners can play a part in reducing greenhouse gas emis-

sions. 

Lifespan and maintenance: The durability of sheet metal 

and its minimal maintenance requirements contribute to long-

term cost savings. When comparing the total cost of owner-

ship with other materials, sheet metal often emerges as the 

more economical choice. 

Sheet metal fabrication process: Sheet metal fabrication 

plays a crucial role in architectural design. This process uti-

lizes various techniques and tools that enable customization to 

meet the unique demands of each project. Architects can cre-

ate distinctive designs and shapes, making sheet metal an ap-

pealing option for those seeking innovation and individuality 

in their building designs. 

  
Figure 16. Metal steel joint for exterior facade. 

Belgian studio EXAR Architecture have replaced walls of brick and plaster with glass and steel on this extension to a suburban 

house outside Brussels. 

 
Figure 17. House with metal sheet as exterior facade [20]. 

11.6. The Bioenergy Facade 

Bioenergy Facade is an innovative building solution that 

employs living organisms, i.e., microalgae, to generate energy 

on a building's exterior and improve the environment. Bioen-

ergy facades are normally made of glass panels that have wa-

ter and microalgae and use the process of photosynthesis to 

capture sunlight and carbon dioxide and yield biomass that 
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can be harvested and converted into biofuels. Additionally, bi-

oenergy facades also provide thermal regulation to the build-

ing via the absorption of solar radiation and acting as an insu-

lation layer, intentionally employed for energy efficiency. The 

system enables sustainability with low carbon emissions and 

the production of renewable energy. 

Ensure the facade’s reliable and optimal functionality: The 

entire façade operation is managed through a fully automated 

system using programmable logic control (PLC). The spe-

cially developed control software ensures maximation of heat 

and biomass yield and a steady supply of warm water and en-

ergy throughout the year. The glass modules with bio-organ-

isms are integrated into a solar thermal system, which also cul-

tivates microalgae for biomass production and CO2 fixation. 

With a 38% thermal and 8% biomass conversion efficiency, 

the bioenergy façade is equally efficient as traditional solar 

systems. An operator concept ensures the system's functional-

ity and cost-effectiveness, and the harvested algae are trans-

ferred to the food and pharmaceutical industry [70]. 

 

 
Figure 18. Algae facade system [6]. 

Energy is needed to run the bioenergy façade: The electri-

cal energy needed to operate the façade is about 25% of the 

energy it generates in return. Under the operator model, this is 

the only cost you incur. 

The algae in the bioenergy façade: Microalgae are plants 

that use light, CO2, and nutrients and produce biomass as they 

grow. Microalgae do not increase their size as they grow be-

cause they are single cells; they increase as they divide into 

more cells. Every cell is a little power plant, and so microalgae 

increase in size so much faster than large plants [70]. 

Growing of the microalgae: The algae are grown between 

two glass plates in a 1 cm-wide gap, superimposed one on the 

other. The gap is tightly controlled. Water with nutrients (ni-

trogen, phosphorus, and CO2) fills the gap from the top to the 

bottom. Occasionally, bubbles of gas from beneath travel up-

wards, creating a turbulent mixture. The turbulence is milli-

second by millisecond, such that even the shaded areas at the 

rear of the façade gets sunlight. This steady movement pro-

vides maximum exposure to light and makes sure all the algae 

get enough light, thus enhancing biomass development. 

Cleaning the panels: The inner faces of the panels are being 

constantly scrubbed by microscopic particles whirling around 

in the churning water stream. This keeps the glass immacu-

lately clean for months without pause. That is the reason that 

the bioenergy facade can be run continuously and without ces-

sation. 

Heat produced by the bioenergy façade: Heat is generated 

purely through the physical process of sunlight absorption into 

the water (culture medium). This heat is then extracted from 

the warmed culture medium using a heat exchanger and uti-

lized for heating and hot water. The temperature of the heat 

produced ranges between 20 and 25°C, but can be elevated to 

50-70°C as needed through the use of a heat pump [70]. 

The algae receive nutrients: All components of the bioen-

ergy façade are linked by a tubing system that enables contin-

uous recirculation of the culture medium. Nutrients (N, P, and 

CO2) are added at a central point in the system whenever ni-

trate levels drop below a specific threshold [70]. 

How much CO2 do the microalgae absorb?: Per gram of 

dry biomass, about 2 grams of CO2 is consumed using a satu-

ration device at 2 bar pressure. The CO2 is added in a dissolved 

form to fully saturate the medium and prevent it from being 

released before the microalgae can consume it [70]. 

Before and after the harvesting of algea: The algae are har-

vested continuously by ultrafiltration whenever the cell den-

sity exceeds a set threshold level, approximately four times a 

day. This is done in a filter system separating particles as small 

as 32 nm and depositing them in the retentate to a density of 

up to 100 g d.w/L with minimal usage of electricity at just 2.5 

W/L. The filtrate is particle-free and can be recycled for culti-

vation. Microalgae can be marketed in various forms, i.e., 

fresh, dried, or as biomass extract. Microalgae are bioactive 

compounds with abundance of antioxidants, vitamins, and 

anti-inflammatory agents that make them valuable for uses in 

the cosmetic, animal feed, and health food industries [70]. 
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Figure 19. A flat panel of facade. 

 
Figure 20. Construction methodology of the flat panel. 

 
Figure 21. Single panel module. 
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Every panel is a modular (1 meter × 2 meter × 1 meter) panels of hydrogen generating algae as proven in figure below [35, 

47]. 

  
Figure 22. Visual communication of facade. 

The productiveness of bioenergy facade: Two factors are 

important for the heat as well as biomass production, plus the 

facade's efficiency in harnessing sunlight. The optimized 

blending process for the culture medium allows 8% of the in-

cident light to convert in an effective way into biomass. Sec-

ondly, the design of the glass elements that are multilayered 

provides superb thermal insulation. Its heat conversion effi-

ciency at 38% is comparable to conventional solar thermal de-

vices that reach about 45%. [16]. 

Noise protection: The bioenergy facade also protects 

against noise via both the mass and the shell-shaped form of 

its individual elements. The three optimized shells yield an 

acoustically an anti-resonant response with the resonance fre-

quencies below 100 Hz, far below the audible hearing range 

of the human ear. The ensuing sound reduction index is ap-

proximately 50 dB, and by this the bioenergy facade is rated 

as Class 6 pursuant to DIN 2719, which is the highest protec-

tion class. 

Sun protection: The light transmission through the bioen-

ergy facade varies with the cell density in the culture medium. 

This allows for customizable sun protection and light trans-

mission by adjusting the algae harvesting. Additionally, the 

panels can be rotated to provide selective shading in the rooms 

as needed. 

Thermal insulation: The bioenergy facade is made up of 

four layers of heat-insulating glass, which collectively provide 

a heat transmission coefficient equivalent to that of a triple-

glazed insulating window. Apart from producing heat, the bi-

oenergy facade also has the added advantage of enhancing the 

thermal performance of a building. The special effect, result-

ing in energy saving, is not yet a standard effect in evaluations 

according to the Energy Saving Directive (EnAV). 

Water recycling: Apart from its other benefits, the facade 

also allows for the reuse of treated wastewater through direct 

connection to a decentralized wastewater treatment plant. It is 

well connected to an anaerobic plant rather than an aerobic 

plant since the design not only produces biogas but also re-

leases plant nutrients like nitrogen and phosphorus that can be 

reused for algae production. With just 10 square meters of the 

bioenergy facade, one person's wastewater can be fully reused. 

The BIQ house will be the first pilot building worldwide to 

feature a bio reactive facade at the International Building Ex-

hibition (IBA) in Hamburg on 23 March. With 200m2 of em-

bedded photo-bioreactors, the passive-energy house generates 

biomass and heat as renewable resources. At the same time, 

the system incorporates other aspects like dynamic shading, 

thermal insulation and sound protection, proving the full po-

tential of this technology [9]. 

  
Figure 23. BIQ - The World ś first Solar Leaf-Building in Hamburg, Germany. 

http://www.sciencepg.com/journal/ijaaa


International Journal of Architecture, Arts and Applications http://www.sciencepg.com/journal/ijaaa 

 

136 

 
Figure 24. The bio energy facade [9]. 

11.7. Solar Panel as Building Facade 

Building-integrated photovoltaic (BIPV), or solar panel fa-

cades, reveal a rising pattern as they join architectural design 

with clean energy production. BIPV panels serve as both func-

tional and aesthetic components of the facade. They are built 

within the building envelope, unlike customary rooftop solar 

systems, also serving as energy generators. Where space is 

limited and energy efficiency is critical, this dual purpose 

makes them ideal within sustainable urban development. 

BIPV systems are used more worldwide as nations try to lower 

greenhouse gas emissions alongside meeting aims for renew-

able energy. For example, facade surfaces located in the Neth-

erlands could then add up to 58 gigawatts of solar capacity 

contributing to national energy demands greatly. BIPV tech-

nologies are in use at scale already in some of the Belgian hos-

pitals. Integrated systems do both improve the visual appeal 

of buildings and reduce dependency on fossil fuels. BIPV 

merges operation with aesthetics to unite them. Design integ-

rity is maintained as power is produced. Advancing technol-

ogy offers a vital path toward climate-conscious, energy-effi-

cient architecture in private as well as public sectors. [23]. 

How solar panel on facade works: Photovoltaic panels can 

be installed on building facades or be an integral part of their 

structure. In both cases, their primary function is to capture 

energy from sunlight and convert it into usable electrical en-

ergy. Specifically: 

1) Facade-mounted photovoltaic panels, on balconies, win-

dows, or glass surfaces, capture sunlight. These panels 

consist of photovoltaic cells containing semiconductor 

materials that absorb solar light. 

2) The photovoltaic cells convert sunlight into electrical en-

ergy. 

3) The continuous energy produced by the photovoltaic 

panels is sent to a device called an inverter, which con-

verts this direct current into alternating current, ready for 

use. 

The Rise of Solar Facades in Modern Architecture: The 

world is amid an 'unstoppable' clean energy transition. With 

the demand for fossil fuels expected to peak before 2030, solar 

power is poised to play a pivotal role in the global energy mix. 

Table 4. The Rise of Solar Facades in Modern Architecture [23]. 

Country/Region Solar Facade Installations Expected Growth (2023-2027) Percentage of Clean Energy Contribution 

Europe Expanding Significant 50% by 2030 

USA Increasing Rapid 40% of new power capacity 

Asia Growing Substantial Dominant in solar PV technology 

Australia Emerging Notable The highest renewable energy usage 

 

Types of Solar Facades: Solar panel facades have evolved 

beyond the traditional bulky, industrial appearance. Architects 

now have a wide range of innovative options, allowing them 

to seamlessly incorporate solar energy into their designs. In 

this discussion, we examine the various types of solar panel 

facades that enable professionals to merge energy efficiency 

with aesthetic vision [23]. 
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Building-integrated photovoltaic (BIPV): BIPV systems in-

corporate solar panels directly into the building envelope, re-

placing traditional materials in areas like roofs, skylights, or 

facades. These systems not only produce electricity but also 

enhance the building's aesthetic and design. 

Solar cladding: Expanding on the BIPV concept, solar 

cladding integrates photovoltaic cells directly into the build-

ing’s exterior cladding materials. Available in a range of col-

ors and textures, this method provides greater design flexibil-

ity while producing electricity. 

Transparent solar facades: These facades utilize photovol-

taic glass that allows visibility, making them perfect for solar 

windows and glass facades. They allow natural light to enter 

while converting sunlight into electricity, striking a balance 

between aesthetics and energy efficiency. 

Kinetic solar facades: An innovative technology, kinetic 

solar facades feature solar panels that move to follow the sun’s 

path, maximizing energy absorption throughout the day. This 

dynamic system enhances efficiency while introducing a vis-

ually striking element to the building's design. 

Solar shingles and tiles: Solar shingles and tiles are de-

signed to look like traditional roofing materials while harness-

ing solar energy. They offer a seamless integration into the 

roofline, maintaining the traditional look of a building while 

providing the benefits of solar power. 

Customized solar facades: Tailored to meet specific design 

needs, customized solar facades offer a variety of shapes, col-

ors, and panel configurations. This approach allows architects 

to exercise maximum creativity, enabling the creation of dis-

tinctive, signature buildings. 

Solar shading systems: Solar shades or louvers are adjusta-

ble systems that both generate electricity and regulate the 

amount of sunlight entering a building. They enhance indoor 

comfort while reducing the need for artificial lighting and 

cooling. 

Table 5. Solar panel used for facade design. (Source: Authors own work). 

 

Semi-transparent BIPV modules 

 

Full black modules of solar panel 

 

Terracotta modules of solar panel 

 

Colored glass modules of solar panel 
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Solar glass module 

 

Aesthetic solar panel for facade design 

 

Ventilated photovoltaic facades: This system combines so-

lar panels with a ventilated cavity, improving the thermal per-

formance of a building. The gap between the solar panels and 

the building acts as an insulating layer, reducing heating and 

cooling demands. 

Table 6. Solar Facade Options and Characteristics [23]. 

Solar Facade Type Transparency Ideal for Aesthetic Integration Energy Efficiency 

BIPV Low to Medium Any High High 

PV Glass Facades High Offices High Moderate 

Solar Cladding None Any High High 

Customizable Customizable Any High High 

Solar Shingles None Homes High Moderate 

Kinetic Facades None Any Moderate Very High 

Semi-Transparent High Any Medium Medium 

Ventilated None Home Medium High 

 

The benefits of solar facades: solar energy has revolution-

ized the way we view power generation and sustainability, 

with photovoltaic building facades being among the biggest 

achievements. Not only are these facades energy-generating, 

but they also fuse form and function with ease, rendering 

buildings self-sustaining energy generators. The precise rea-

sons why photovoltaic facades are so efficient are still a sub-

ject of research. We shall take a leap into the world of photo-

voltaic facades to uncover the secrets of their high energy ef-

ficiency and examine the further benefits they have to offer, 

such as lessening carbon footprints, reducing energy costs, 

and enhancing architectural design. 

The financial benefits of solar façades: The main economic 

advantage of BIPV façades is that they can generate power 

along with serving as an active building element. Every build-

ing needs a façade to serve as a weather barrier, and a solar 

façade serves this purpose while generating clean power at the 

same time. A BIPV façade costs more than conventional con-

struction at the outset, but the additional cost is offset by how 

much power it will generate. In the long run, the total cost of 

a BIPV façade is less than for the majority of traditional façade 

systems, and it can be a money-maker. BIPV façades use con-

ventional mounting methods and materials, so the only addi-

tional costs are the solar cells themselves and their installa-

tion—charges which are easily recovered through savings in 

energy. In the majority of cases, the investment is well worth 

it, and homeowners are even allowed to sell excess electricity 

back into the grid, based on feed-in-tariff levels in the area. 

Several countries also offer utility-based incentives that allow 

PV system owners to recover their investment over time as 

compensation for the clean energy they generate [36]. 
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Maximizing efficiency with design and placement: The de-

sign, orientation, and efficiency of solar façade panels signif-

icantly influence their performance. Architects collaborate 

with engineers to determine the optimal tilt and position of the 

panels, based on the building's location and climate, for max-

imum sun exposure. This is where solar science and architec-

ture converge. However, the panel's function is not merely 

functional—form also plays a role in its performance. Solar 

panels nowadays can now be readily integrated into building 

exterior walls and can be designed to integrate with the façade 

in various colors and textures. Not only do these design im-

provements aesthetically improve the appearance of the build-

ing, but they also enable the panels to function better at col-

lecting solar energy. 

Sustainability and energy efficiency: Solar façade paneling 

has a wonderful benefit when it comes to sustainability. Solar 

panels, being building-integrated photovoltaic systems, re-

duce the carbon footprint as a whole and reduce the use of 

fossil fuels to a significant level. They also conserve energy 

by enabling the building to save a lot of power, which in to-

day's energy-conscious world is much required. Not only does 

this create sustainability as far as the environment is con-

cerned, but also it enables the building to be more energy ef-

ficient, which can mean cost savings in the long term. 

Enhanced aesthetics: Unlike traditional rooftop-mounted 

solar panels, photovoltaic facades can be integrated directly 

into the building’s architecture, enabling architects to create 

aesthetically pleasing buildings that produce energy simulta-

neously. 

Space maximization: Using building facades for energy 

production eliminates the need for additional space for solar 

panel installation, particularly advantageous in urban areas 

where space is limited. 

The future of solar facade panels: Solar façade panel tech-

nology continues to be developed, with research focusing on 

making it more accessible and efficient. As the panels inte-

grate more sophisticated technologies such as Artificial Intel-

ligence (AI) and the Internet of Things (IoT), they are becom-

ing more environmentally responsive, altering production and 

distribution of energy accordingly. Solar power has revolu-

tionized energy generation and sustainability of energy, espe-

cially with its application in photovoltaic buildings. These fa-

çades are not just energy sources but merge design and func-

tion and make buildings power-generating structures. There 

are many reasons why photovoltaic façades are successful, 

and it is necessary to determine them. Examining the photo-

voltaic building context can help determine the reasons for 

their good performance. 

The advantages of solar facades for cities: In high-density 

urban areas, there is more energy needed in buildings com-

pared to rural areas, and skyscrapers hardly have sufficient 

rooftop area to accommodate solar panels on their roofs to 

supply their requirements. Skyscrapers are space-constrained 

in terms of volume for roof area, and the return that is availa-

ble is often utilized by essential utilities like heat and cool sys-

tems, energy-conservation equipment, and communal facili-

ties like rooftop gardens. On the other hand, the facade con-

tains a lot of surface area and is therefore an appropriate loca-

tion where photovoltaic (PV) panels can be included. The so-

lar panels embedded within the facade can potentially make a 

building more energy efficient and, at the same time, perform 

their traditional functions as part of the facade while generat-

ing power. Power generation near areas of use also makes it 

more convenient. Incorporation of PV systems into buildings 

saves power transportation and energy costs and increases the 

popularity of energy storage in the building and PV market. 

BIPV facades maximize the generation of energy per day by 

distributing solar panels across the East, South, and West fa-

cades. This maximizes energy generation based on consump-

tion to avoid grid surges and overcome financial constraints 

that are associated with south-facing installations. This de-

ployment also raises energy storage to become more efficient 

and cost-effective. BIPV facades also make cities more sus-

tainable, improving the public image of cities. Buildings that 

generate their own power without getting noticed do not only 

attract positive attention but also challenge other buildings to 

adopt sustainability. This assists in improving environmental, 

social, and economic development in cities, contributing to the 

common good [36]. 

  
Figure 25. Kuijpers Installatie building facade of solar panel in Helmond, the Netherlands. 
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Figure 26. Possible facade design with solar panel for commercial building. 

11.8. Green Wall as Building Facade 

Green or living walls are vertical surfaces of plants, a con-

cept dating from when climbing plants would cling to walls 

and buildings. Modern technology has perfected the concept 

and made it more controlled and precise, allowing many 

types of plants to be grown on walls. Patrick Blanc, who is 

widely regarded as the inventor of modern vertical gardening, 

popularized the green wall in the mid-1990s. While green 

roofs have become a well-established urban environmental 

solution, green walls have yet to gain traction as a serious 

urban greening alternative. While urban spaces may be avail-

able for greening on rooftops, the vast surface area of a ver-

tical wall is still more potential. Green facades provide a va-

riety of advantages: they retain and trap heat less, and plants' 

natural evaporation helps cool urban temperatures. Vertical 

plants have been around for centuries climbing up facades in 

the guise of wisteria and Virginia creeper. In Germany, there 

has been a history of wall greening also referred to as "Ar-

chitektentrost," or "architect's consolation," because it was 

often used to disguise design failures. Vertical vegetation 

has more recently found a broader function in large urban 

areas in the guise of collecting fine particulate matter and 

cooling urban microclimates. Green facades have gained 

popularity not just because they look good but also because 

they play a significant role in helping our cities become more 

sustainable. 

Self-Climbing Plants: Nature's Vertical Gardeners: Self-

climbing plants are notable for their ability to scale walls and 

other vertical surfaces without any outside assistance. They 

accomplish this through various adaptive methods such as 

tendrils, which coil around available objects; twining stems 

that engulf supports with themselves; or sticky pads that 

stick to vertical surfaces. They are ideal for use in green fa-

cades and walls, as they can blanket large areas with minimal 

maintenance while adding beauty and environmental enrich-

ment to urban landscapes. From wisteria to ivy, the plants 

animate buildings while moderating temperature and purify-

ing the air. 

 
Figure 27. Section of self-climbing plants. 

  
Figure 28. Self-climbing plants as exterior facade material of Eve 

Apartments in Erskineville. 

Supported Climbing Plants: Enhancing Walls with Struc-

tural Aid: Unlike self-climbing plants, some climbing plants 

require a supplementary structure or framework upon which 

they grow. The plants utilize trellises, wires, or other support 

structures in front of walls to provide them with a means of 

climbing upwards. They climb up gradually by wrapping their 

stems around the structures, building a dense green wall. 

http://www.sciencepg.com/journal/ijaaa


International Journal of Architecture, Arts and Applications http://www.sciencepg.com/journal/ijaaa 

 

141 

There are shared varieties such as roses and clematis, which 

not only beautify an area but also keep it cooler and offer in-

sulation. Adequate support can transform naked walls into liv-

ing, colored art. 

 
Figure 29. Section (single support for plants). 

 
Figure 30. Section (multi-layer support for plants). 

Many living wall systems also have built-in irrigation sys-

tems in which water is harvested at the bottom of the wall and 

recirculated back to the top, as seen in Figure 31 The types of 

plants on green walls differ, but can include grasses, vines, 

and other climbing plants—all of which must have strong root 

structures. 

  
Figure 31. Section of living wall (outer facade). 
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Figure 32. Possible facade design with plants having supporting structure. 

Hanging Balcony Plants: Beauty with Extra Care and Fa-

cade Design: Balcony hanging plants bring a warm splash of 

green to city life but usually need more care than ground level 

plants. These are pot-grown plants needing watering, feeding, 

and protection from harsh weather, i.e., frost. Since they are 

more exposed, care to feed and insulate during cold weather 

is crucial. Hanging trailing plants such as ivy, petunias, and 

ferns here creates a lovely cascading effect. With meticulous 

planning, whole facades can be produced using just pot plants. 

Placing these pots on walls or balconies, a dense, vertical gar-

den can be achieved that enhances not just the building's 

beauty but also its environmental benefits. Not only does this 

look good, but it also cools and refreshes the air. 

 
Figure 33. Section of plantation (balcony/veranda). 
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Figure 33. Section of plantation (balcony/veranda). 

  
Figure 34. Exterior facade design with hanging balcony plants (Bosco Vertical in Milan) [8]. 

  
Figure 35. Section of pot plantation. 
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Figure 36. A module of exterior facade (pot plantation). 

The Benefits of a Green Wall: Green walls, also known as 

vertical living gardens, have emerged as a growing design 

trend with the additional value of functionality and aesthetics. 

Their attractive design eye-catching attraction and multidi-

mensionality make them increasingly sought after, as they be-

come such gorgeous canvases that enhance character to any 

space. The demand for living walls goes far beyond their at-

tractiveness. They are bestowing numerous benefits on well-

being, the environment, and even the economy. In urban life, 

green walls outside buildings are gaining popularity due to 

their ability to transform buildings. Not only do these installa-

tions make a building look more beautiful, but they also con-

tribute immensely to making the urban environment better and 

sustaining the city. 

Key advantages of exterior green facades include: 

Green walls are visually pleasing: Among the greatest ad-

vantages of green walls is the manner in which they enhance 

the aesthetics. Placing a little bit of nature inside or outside a 

building instantly enhances ambiance and has the potential to 

brighten mood. Inside, living walls create a calm and inviting 

atmosphere, while outside they contribute significantly to curb 

appeal, become more visible for a building, and even cover up 

unsightly areas. This is one of the many reasons why green 

walls are so fashionable, bringing a green, leafy touch to UK 

buildings. 

Cooling Surfaces: Green facades also reduce the heat island 

effect, urban widespread condition where pavements and 

buildings absorb and reflect heat, raising the temperature. 

Green facades on the outside reflect sunlight and provide 

shade; planting the exterior of the building allows you to lower 

the temperature of the building exterior. This consequently 

cools the inside, reducing the consumption of energy-inten-

sive air conditioning. 

Reduce Heat Flux: In addition to cooling the exterior, green 

facades can reduce heat flux from the roof to the building. This 

insulation effect is particularly beneficial in extreme climates. 

It helps maintain a more stable indoor temperature, making 

buildings more energy-efficient and comfortable year-round. 

Living walls can reduce energy costs: To further reinforce 

the previous advantage, studies also show that green walls out-

doors can reduce surface temperature by as much as 10°C! 

That means less air conditioning costs in summer, as less heat 

is allowed inside. Green walls indoors are also the same. In 

winter, green walls become extra insulation to keep the inside 

temperature warm and comfortable. And, like in summer, this 

can save your bills, sometimes by as much as 20%. 

Table 7. Energy reduction for green wall [64]. 

Outer wall without vegetation Outer wall with vegetation Improvement 

K- value K-value % 

1.5 1.0 33 

1.0 0.75 25 

0.6 0.50 16 

0.3 0.27 10 
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Vertical gardens promote biodiversity: Biodiversity is es-

sential to the well-being of our world as it enables all plant and 

animal life to survive. That's where living walls come in. Ver-

tical gardens can be an invaluable assistance to bird and insect 

life, particularly in cities. Since they save space, they can be a 

helpful hand to a diverse and sustainable ecosystem without 

needing to reserve vast areas. This benefit is shared by green 

roofs as well, demonstrating once more the ecological ad-

vantages of green walls. 

They purify the air around us: We know that air pollution 

can be the offender for all kinds of diseases, ranging from sore 

throat and red eyes to drowsiness and shortness of breath. It 

also triggers triggering of serious conditions such as asthma. 

One of the major benefits of green walls is that they combat 

air pollution, and they are natural air purifiers. They eliminate 

toxic air chemicals, such as carbon dioxide and carbon mon-

oxide, and convert them into oxygen. In the process, CO2 is 

eliminated efficiently, the air is cleansed, and the overall 

health of adjacent people is boosted. 

Living walls can lower the amount of dust: Another com-

mon ailment of large cities is the colors of dust everywhere. 

The dust particles themselves are wonderful at polluting the 

air and making respiratory ailments worse. Green walls that 

extend vertically can work miracles when it comes to purify-

ing the air, so they're a great addition for areas that tend to get 

dusty. 

Green walls help reduce noise levels: Having individuals 

talk in a space can make it hard to hear yourself think. The 

walls, floors, and ceilings surrounding you are typically the 

culprits, since sound bounces so much easier off hard surfaces 

than off plants. Green walls are therefore the ideal solution to 

minimizing noise. Due to their sound-absorbing capabilities, 

plants can decrease the volumes of sound by nearly half. This 

gives the perfect environment within workplaces where con-

centration is required, or in homes, where relaxation is the pur-

pose. 

Vertical gardens can add value to the building: Another 

major benefit of green walls is that they have the potential to 

make the interior or exterior of a building a showstopper. Liv-

ing green walls are now featured in numerous hotels, restau-

rants, shops, spas, high-end clubs, and so forth. Green walls 

also serve as an excellent marketing tool since they promote 

the advertising of a company's support for the environment 

and sustainability. A living wall can render incredible value to 

residential and commercial properties. It has been researched 

that having plants within and around a building can boost 

property values by up to 20% [64]. 

Living walls provide a rainwater buffer: Certain areas, par-

ticularly older ones, are predisposed to flooding due to rain-

water and wastewater flowing into the same pipes. Green 

walls with vertical orientation represent one of the best solu-

tions to this issue. They not only lower the flow of rainwater 

but also absorb and evaporate a portion of it. Certain systems 

even collect excess rainwater for irrigation, rendering green 

walls nearly self-sustaining. 

Improve our wellbeing: Green walls are extremely effective 

with co-cooperative benefits, especially in highly urbanized 

cities like London, where the environment is characterized by 

concrete, asphalt, noise, and pollution. This can physically and 

emotionally exhaust individuals. Addition of green patches to 

such concrete jungles can potentially increase the quality of 

life. Green walls offer many environmental benefits, such as 

temperature control and air purification, whether installed in-

doors or outdoors, creating a calming and inspiring work en-

vironment. Even more surprising are the benefits of green 

walls, such as improved office productivity and healing hos-

pital patient recovery rates. 

Longevity: Green exterior facades, if well maintained, re-

main in existence for decades. Unlike traditional building ma-

terials that deteriorate with time, green facades can grow and 

develop over time and become more functional. Their longev-

ity can make them a long-term viable option for outer building 

construction, with optimal benefit. 

12. Results 

Its findings show that facade design can play a much more 

significant role in the overall performance of a sustainable 

building rather than merely serving as an exterior appearance. 

Many key results have been found through the evaluation of 

facade-related studies, sustainable materials, technology ap-

plications, and green design practices in Bangladesh. These 

findings relate specifically to the thermal overall performance, 

energy efficiency, material selection, environmental benefits, 

and sustainability of facade designs in Bangladesh. 

12.1. Sustainable Facade Strategies 

They have looked at identifying several facade strategies 

that could contribute to sustainable building design. These in-

clude passive cooling systems, green facades, bamboo and 

wood panels, hollow concrete blocks, metal panels, bioenergy 

facades, and building-integrated photovoltaic (BIPV) struc-

tures. The findings show that these systems do not perform 

uniformly. Some generally reduce heat gain and improve ther-

mal efficiency, while others generate electricity, increase bio-

diversity, or reduce the environmental impact of building ma-

terials. Therefore, choosing a facade system should take into 

account the specific environmental and practical needs of the 

building instead of focusing on the most effective one. 
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Table 8. Comparative assessment of sustainable facade strategies. 

Facade system Main function Major sustainability contribution Suitability in Bangladesh 

Terracotta evaporative facade Passive cooling 
Reduces surrounding temperature with low 

energy use 
High 

Hollow concrete blocks 
Shading and ventila-

tion 

Material efficiency and reduced dependence on 

fired bricks 
High 

Bamboo facade 
Solar control and 

shading 
Renewable and locally available material High 

Wooden facade 
Insulation and 

weather protection 
Renewable material and thermal performance Moderate-High 

Metal-sheet facade 
Solar reflection and 

protection 
Durability and recyclability High 

Bioenergy facade 
Energy and heat gen-

eration 
Renewable energy and CO2 absorption Moderate 

BIPV facade Electricity generation Renewable energy production High 

Green facade 
Shading and evapo-

transpiration 

Cooling, biodiversity, air quality and urban en-

vironmental improvement 
Very High 

 

12.2. Thermal and Energy Performance 

One of the main conclusions is that the facade layout di-

rectly affects the thermal overall performance of the buildings. 

Green facades, shading systems, ventilated facades and evap-

orative cooling structures can reduce the amount of solar heat 

reaching the building envelope and therefore contribute to im-

proved indoor temperature conditions. However, the overall 

performance depends on factors such as vegetation type, fa-

cade orientation, climatic conditions, vegetation density, irri-

gation, and construction accessories. This indicates that nec-

essarily incorporating vegetation into a facade does not me-

chanically guarantee high environmental performance. You 

need to design the facade as an integrated system. The terra-

cotta cooling system also shows the potential of traditional 

passive cooling combined with modern architecture. It uses 

porous terracotta elements and water to create a vapor cooling 

effect, and at the same time produces an unconventional fa-

cade expression. This shows that even passive strategies can 

work through mechanisms such as evaporative cooling instead 

of mechanical systems. 

12.3. Performance of Sustainable Facade 

Materials 

Textile assessment shows that the choice of facade material 

has a significant impact on building environmental perfor-

mance and sustainability. Bamboo is identified as a promising 

material primarily for Bangladesh due to its availability, low 

weight, elasticity, flexibility, and enduring personality. At the 

same time, the sustainability of the material was identified as 

an essential obstacle. In outdoor conditions, uncovered bam-

boo requires appropriate measures to protect it from insects, 

fungus, moisture, and weather. Hollow concrete blocks also 

showed huge potential. Their modular nature allows architects 

to create patterns, openings, shading devices, and plant struc-

tures in the facade. Their use can also reduce the reliance on 

traditional fired clay bricks, which is mainly the case in Bang-

ladesh due to the environmental impacts associated with tra-

ditional brick production. Wood panels offer another textile 

alternative, especially metal sheets, due to their natural form 

of insulation, flexibility, particular architectural flexibility, re-

usability, and the possibility of using reflective coatings to re-

duce solar heat gain. Therefore, the results suggest that mate-

rial selection should recall appearance or initial value. Avail-

ability, robustness, durability, thermal efficiency, environ-

mental impact, and adaptability to local weather are equally 

important. 

12.4. Renewable-energy Facade Systems 

The study also discovered that facade surfaces can be used 

not only as protective building elements but also as power-

generating agents. Building-integrated photovoltaic (BIPV) 

systems offer the possibility of directly integrating renewable 

electricity generation into the architectural facade. Different 

types of solar facades are recognized, such as BIPV cladding, 

photovoltaic glass, solar shading systems, photovoltaic pipe-

lines, and facade-integrated solar facades. These structures al-

low solar generation to become part of the architectural ex-

pression, probably to act as an additional factor associated 

with the building. The findings are particularly relevant in 
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dense urban areas that have limited rooftop space. Using fa-

cades for power generation will increase the surface area 

available for solar generation and energy technologies, which 

may occupy areas near the utilization factor, but the perfor-

mance of those structures strongly depends on facade orienta-

tion, solar exposure, shading, paneling, and lighting device in-

tegration with building systems, each of which suggests more 

than any other method. By incorporating microalgae into glass 

facade panels, this system can combine solar heat collection, 

biomass production, CO2 absorption, shading, and tempera-

ture regulation. Although such production has huge environ-

mental potential, its technical complexity and management re-

quirements are comparatively greater than simple passive sys-

tems, which supports the basis of widely useful applications 

in Bangladesh. 

12.5. Green Facade Performance 

Of the green facade strategies tested, green facades con-

firmed the widest range of environmental benefits. The study 

identified many types of green facade structures that include 

self-climbing plants, supported pedestrian vegetation, living-

wall systems, and balcony-based planting. The findings imply 

that vegetation can contribute to facade shading, surface tem-

perature reduction, thermal regulation, biodiversity, wind 

quality improvement, noise reduction, storm water manage-

ment, and view enhancement. Green facades can also enhance 

the connection between homes and nature, which is especially 

important in dense urban areas. But even green facades require 

continuous maintenance. Irrigation, plant selection, structural 

support, drainage, and general maintenance should be consid-

ered throughout the design phase. This is the way that the 

long-term performance of a green facade depends not only on 

the vegetation itself, but also on the technical system that sup-

ports it. 

12.6. Relevance to the Bangladeshi Context 

The findings imply that Bangladesh has great potential to 

adopt sustainable facade techniques due to its hot and humid 

weather, availability of local materials, rapid urbanization, 

and increasing demand for green buildings. Passive tech-

niques, including shading, natural ventilation, and evaporative 

cooling, are available for mechanical and water conservation 

cooling. Similarly, bamboo, brick alternatives, and various lo-

cal materials can offer opportunities for developing facade re-

sponses more closely related to nearby environmental and cul-

tural conditions. The survey also identified several barriers to 

widespread implementation. These include limited knowledge 

among stakeholders, inadequate technical training, and deli-

cate interagency coordination, limited funding mechanisms, 

lack of a comprehensive national approach, and continued re-

liance on traditional production practices. Additional work is 

needed to integrate these technologies into standard architec-

tural practice in a rational, affordable, and locally appropriate 

manner. 

12.7. Overall Findings 

Overall, the findings reveal that sustainable facades can 

serve multiple functions simultaneously. A facade can provide 

climate protection and architectural integrity, as well as con-

trol solar radiation, improve thermal comfort, aid vegetation, 

produce renewable energy, and reduce environmental impact. 

The study also shows that no single facade technology can be 

the best answer for any building. Combining specific technol-

ogies to suit building type, orientation, weather, finances, ma-

terial needs, and maintainability could be a more effective ap-

proach. The most realistic way for Bangladesh seems to be to 

blend passive environmental technologies with regionally 

suitable materials and selected renewable technologies. For 

example, bamboo or metal shading screens can be mixed with 

functional windows, plants, ventilated openings, and lighting 

to create a multifunctional facade. These findings support the 

overall logic of the observation: Preferably out of sight. These 

techniques can contribute to a more energy-efficient, climate-

responsive, and context-sensitive structure in Bangladesh. 

13. Conclusion 

Urbanization, environmental degradation, and urgent de-

mand for green development, green facades present a compel-

ling set of benefits that appeal to environmental and aesthetic 

concerns. This research helps to distinguish how innovative 

facade design not only contributes value towards energy effi-

ciency, climate resilience, and more urban biodiversity but 

also enhances the potential for a better interaction between the 

constructed environment and nature. Through green facades, 

Bangladeshi urban planners and architects can provide build-

ings that are not only beautiful but also context-sensitive. 

Their application can set the bar higher for architectural prac-

tice in Bangladesh and create a model of green design that will 

be emulated globally. As we work toward an era of environ-

mental responsibility and urban dynamism, green facades are 

a necessary next step toward creating more sustainable, liva-

ble, and resilient cities. 
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Appendix 

Table 9. Sample Building Facade Evaluation. 

Facade Type Material Used Thermal Resistance (R) [m2·K/W] Estimated CO2 Savings [kg/year] 

Conventional Brick Fired Clay Brick 0.25 150 

Green Wall System Modular VGS 0.65 320 

Insulated Facade EPS + Brick Veneer 1.10 450 

 

Climate Data Used for Thermal Modelling 

(City: Dhaka, Bangladesh) 

Average summer temperature: 33°C 

Average winter temperature: 15°C 

Average humidity: 78% 

Annual solar radiation: 4.5-5.0 kWh/m2/day 

Units and Conversions 

1 kWh = 3.6 × 106 J 

1 Mt CO2 = 1,000,000 t CO2 

1 USD = 122 BDT (Bangladeshi Taka) 

200 mm = 0.2 m 
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