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Abstract 

Rapid urbanization, increasing electricity demand, and developing environmental challenges have created a pressing need for 

sustainable and climate-responsive architectural solutions in Bangladesh. Despite the growing adoption of sustainable façade 

techniques, there remains a lack of an integrated design framework that systematically connects sustainability goals with practical 

architectural implementation in developing-country contexts. This study aims to propose and apply the 3Ms framework—

Missions, Milestones, and Methods—as a structured approach for achieving sustainable façade design and enhancing 

architectural resilience. The study adopts a qualitative design methodology combining an in-depth literature review, architectural 

case-study analysis, on-site field research, and design development using AutoCAD, SketchUp, ArchiCAD, and Lumion for 

drafting, modelling, documentation, and visualization. The gathered evidence from literature, case studies, and field observations 

is synthesized to develop the 3Ms framework, where Missions outline sustainability and resilience targets, Milestones establish 

progressive design goals, and Methods identify appropriate architectural strategies for implementation. The framework is finally 

applied to a proposed building design incorporating passive façade interventions, locally available materials, green design 

techniques, natural ventilation principles, and photovoltaic façade integration. The study presents the architectural application of 

the proposed framework and evaluates its potential contribution to sustainable façade design through comparative design 

considerations and photovoltaic integration. The findings highlight the relevance of a structured decision-making framework for 

guiding architects and planners in developing context-responsive and environmentally conscious building envelopes. However, 

the study is limited by its design-based and case-study-oriented approach, and further research involving validated building-

performance simulation and long-term post-occupancy evaluation is recommended. The major contribution of this research is 

the development of the 3Ms framework as a practical architectural approach that links sustainability goals with implementable 

façade design strategies for Bangladesh and other developing countries. 
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1. Introduction 

Bangladesh is facing increasing pressure from rapid urban-

ization, environmental degradation, and the effects of climate 

change [19]. The growing demand for housing and infrastruc-

ture has increased pressure on natural resources and contrib-

uted to higher energy consumption and pollution. These issues 

are particularly important in the building sector, where the 

building envelope has a direct relationship with indoor com-

fort, energy use, and environmental performance. The façade, 

as the primary interface between the indoor and outdoor envi-

ronment, has an important role in controlling solar heat gain, 

ventilation, daylight, and indoor conditions. For Bangladesh 

and other developing countries with similar climatic and urban 

conditions, improving façade performance therefore repre-

sents an important part of the wider effort to make buildings 

more sustainable and resilient. Bangladesh has already intro-

duced several national initiatives that recognize the im-

portance of sustainability and resilience in future development. 

Frameworks related to the Sustainable Development Goals 

(SDGs), the Delta Plan 2100, and the Perspective Plan 2041 

[1, 13] provide broader directions for addressing environmen-

tal and urban challenges. At the building scale, these goals can 

be supported through design approaches that improve the per-

formance of the building envelope, reduce energy demand, 

improve occupant comfort, and lower carbon emissions [15]. 

However, sustainable façade design in developing-country 

contexts cannot depend only on advanced technologies. The 

strategies also need to respond to local climate, construction 

practices, material availability, economic conditions, and the 

practical realities of building implementation. An effective fa-

çade approach should therefore bring together passive design, 

natural ventilation, locally available materials, green strate-

gies, and renewable energy rather than treating each measure 

as an isolated solution. The relationship between building de-

sign, health, and resilience has also received greater attention 

in recent years. The COVID-19 pandemic highlighted the im-

portance of healthy indoor environments and demonstrated 

how the design of buildings and public spaces can influence 

people's ability to interact safely. This has added another di-

mension to the discussion of architectural resilience, where 

buildings are expected not only to respond to environmental 

stresses but also to provide healthier and more adaptable 

spaces [14]. Strategies such as natural ventilation, access to 

fresh air, safe circulation, and flexible spatial arrangements 

can contribute to this broader understanding of resilience [2]. 

Barbier (2020) discusses the need to connect economic recov-

ery, public investment, and policy reform with the transition 

towards a sustainable low-carbon economy [4]. Similarly, 

Frumkin (2021) examines how the built environment can re-

spond to the combined challenges of public health and climate 

change and highlights the potential for design and planning to 

address these concerns together [8]. Askarizad and He discuss 

the balance between social interaction and physical distancing 

and provide recommendations for urban environments that 

can support public health while maintaining opportunities for 

community interaction [3]. Verderber et al. further emphasize 

the value of nature and outdoor views in healthcare environ-

ments, pointing to the role of nature-related design in support-

ing human well-being [20]. These studies show that sustaina-

ble and resilient architecture involves several interconnected 

concerns. At the same time, there is still a practical challenge 

in bringing these concerns together at the building and façade 

scale. Existing approaches commonly focus on individual 

measures, such as natural ventilation, green façades, renewa-

ble energy, or material selection, while less attention is given 

to how these measures can be organized into a clear design 

process that responds to the environmental, economic, and so-

cial conditions of developing countries. In particular, there is 

a need for an approach that can connect broader sustainability 

and resilience goals with progressive design targets and prac-

tical architectural methods. This lack of an integrated and con-

text-sensitive framework forms the main knowledge gap ad-

dressed by this research. To respond to this gap, this study 

proposes the 3Ms framework—Missions, Milestones, and 

Methods—for sustainable façade design and architectural re-

silience. The framework is intended to provide a clearer rela-

tionship between what a project seeks to achieve, the stages or 

targets through which those goals can be developed, and the 

architectural strategies used to achieve them. In this frame-

work, Missions represent the broader sustainability and resil-

ience objectives, Milestones establish progressive design 

goals, and Methods identify the architectural strategies and 

approaches used for implementation. Based on this framework, 

the study addresses three main research questions: (1) How 

can sustainable façade strategies be integrated with climate-

responsive and resilient architectural design in the context of 

Bangladesh? (2) How can the 3Ms framework organize sus-

tainability objectives, design targets, and architectural meth-

ods in a practical design process? and (3) How can the pro-
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posed framework be applied to a building design incorporat-

ing passive façade strategies, locally available materials, 

green design approaches, natural ventilation, and photovoltaic 

integration? 

The main objective of this research is to develop and apply 

the 3Ms framework as a practical approach to sustainable fa-

çade design and architectural resilience. The study focuses on 

façade-related strategies and their architectural application ra-

ther than attempting to provide a comprehensive assessment 

of all aspects of building sustainability. Literature review, 

case-study analysis, and on-site field research are used to iden-

tify relevant design principles and contextual considerations. 

The proposed design is developed and documented using Au-

toCAD, SketchUp, ArchiCAD, and Lumion for drafting, mod-

elling, documentation, and visualization. The scope of the 

study therefore centers on developing and demonstrating an 

architectural framework and its application, while recognizing 

the need for further validated building-performance simula-

tion and long-term operational studies. The contribution of the 

study lies in establishing a structured relationship between 

sustainability objectives, design development, and practical 

façade strategies through the 3Ms framework. Rather than 

considering individual sustainable technologies separately, 

the framework brings together climate-responsive design, lo-

cal material considerations, healthy and resilient building 

principles, green strategies, and photovoltaic integration 

within a single architectural decision-making approach. Alt-

hough developed in the context of Bangladesh, the framework 

may also provide a useful basis for similar developing-country 

contexts where environmental challenges, resource limita-

tions, and the need for practical architectural solutions inter-

sect. The remainder of the paper is organized as follows. The 

next section reviews the relevant literature on sustainable fa-

çade design, climate-responsive architecture, resilience, and 

related building strategies. The following section explains the 

research methodology and the selection and analysis of case 

studies. The 3Ms framework is then developed from the find-

ings of the literature and case-study analysis. The subsequent 

section demonstrates its application through the proposed ar-

chitectural design, followed by discussion of the design out-

comes and photovoltaic integration. Finally, the limitations, 

implications, and conclusions of the study are presented. 

2. The Case Studies 

In contrast to individual case studies, which tend to focus 

on a particular aspect of sustainability or resilience, this pro-

ject aims to be a comprehensive example of how multiple sus-

tainable and health-focused goals can coexist seamlessly. 

Here's a breakdown of the case studies in Bangladesh that 

align with this project's objectives- Cityscape Tower, Gulshan 

is Dhaka's first commercial building to achieve LEED Plati-

num certification. Developed by the environmentally con-

scious firm Cityscape International Ltd., the high-rise spans a 

total of 117360 sq. ft., with individual floor areas of 5780 sq. 

ft. [5]. It excels in integrating natural airflow and greenery, 

using vertical gardens and UV glass to improve energy effi-

ciency [18]. However, while it includes solar panels, it does 

not prioritize contamination-resistant design or address non-

contact room distribution. Our project, on the other hand, ex-

plicitly designs with pandemic considerations in mind, using 

layout and materials that promote non-contact interaction 

while maintaining energy efficiency. 

 
Figure 1. Wooden exterior. 

 
Figure 2. UV glass. 

 
Figure 3. Vertical greenery on façade. 

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


Urban and Regional Planning http://www.sciencepg.com/journal/urp 

 

192 

Similarly, Karupanna Rangpur Ltd.’s Greenfield facility is 

located at Robertsongonj in Rangpur, Bangladesh. According 

to the Köppen-Geiger climate classification, Rangpur is lo-

cated in the tropics. This Greenfield factory unit started its 

journey in Rangpur in 1991, and now produces carpets and 

other woven floor coverings, mainly exported to the EU, USA 

and Asia. The entire site area of the project is sqm, the whole 

built -up area f is 24850 square meters. Their main office 

building is a seven-story building with a footprint of 3820 

square meters. The construction phase of the project began in 

2013 and work began in early 2017. It shines in the use of 

natural air circulation and green facades to lower indoor tem-

peratures [9]. Yet, it is more focused on industrial efficiency 

and lacks a strong emphasis on solar energy or a disease-pre-

ventive configuration. In contrast, our project’s design consid-

ers both energy efficiency and pandemic resilience through 

the use of solar panels, effective air circulation, and spatial 

layouts that reduce the need for shared surfaces. 

 
Figure 4. Entry façade of the factory. 

 
Figure 5. Top view of the factory. 

 
Figure 6. Connecting path. 

 
Figure 7. Water body. 

 
Figure 8. Atrium. 
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The Urban Forest is a ten-story commercial building with 

three basements, situated on a compact 364-square-meter site. 

The design aims to create a tranquil office environment amid 

a bustling urban area. One of the key challenges of this west-

facing site is minimizing cooling costs by reducing heat gain 

from the west, thereby offering an energy-efficient solution. 

The building has a total built-up area of 2,730 square meters 

and features an inward-facing design with a semi-internal 

courtyard, forming an interactive urban pocket. This courtyard, 

along with peripheral pathways and green spaces, fosters a 

calming corporate atmosphere. It is commendable for its focus 

on biophilia, bringing greenery into urban environments and 

enhancing natural airflow through an open courtyard design 

[17]. Yet, like the previous case study, it lacks a comprehen-

sive strategy for all the objectives combined. Our project 

builds on this foundation by incorporating similar green and 

airflow strategies, while also integrating solar energy solu-

tions and creating spaces that are conducive to health and 

safety in a pandemic context. 

 
Figure 9. Urban forest. 

 
Figure 10. Green façade. 

 
Figure 11. Forest inside building. 

Mobil House is located in Dhaka; the Mobil House building 

serves as the head office of MJL Bangladesh Limited. It is a 

LEED Platinum certified building covering an area of 6673 

square meters and was completed in October 2019. Designed 

by Vistaara Architects Pvt Ltd, the building features office 

spaces, meeting areas, and conference halls. Its sustainable de-

sign includes sizable courtyards and building cut-outs that are 

populated with foliage and vertical gardens, providing a natu-

ral ambiance for occupants to work and relax in. It addresses 

wellness-oriented and resilient design with its open courtyards 

and strategic airflow, emphasizing the importance of non-con-

tact zones within the building [12]. 

 
Figure 12. Mobil house. 
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Figure 13. Vertical greenery. 

However, it doesn't fully leverage renewable energy op-

tions or integrate greenery to the extent of supporting biodi-

versity and ecosystem health. Our project aims to go further 

by not only including these elements but making them an in-

tegral part of a unified, sustainable design solution that 

achieves all objectives simultaneously. 

 
Figure 14. Research Gap. 

By integrating all objectives into a single coherent project 

which are shown in Figure 14, our project aims to fill the gaps 

that it is possible to blend all these goals seamlessly, achieving 

what others have done piecemeal, and showing that a holistic 

approach can be both practical and impactful in the architec-

tural landscape. This comprehensive approach offers a 

glimpse into the future of architecture in developing countries, 

where sustainability, resilience, and health can coexist in 

every aspect of a building's design. Thus, the structure of this 

study is as follows: Section 2 reviews the study methodology, 

Section 3 covers the application of the (3Ms) framework 

based on the five acronyms procedures on the proposed design 

with existing conditions, Section 4 highlights the results and 

discussion. Finally, Section 5 illustrates the conclusions. 

Table 1. Comparative Analysis of Selected Case Studies in Bangladesh. 

Case 

Study 

Loca-

tion 

Building 

Type 

Key Sus-

tainable / 

Resilient 

Features 

Façade & 

Environ-

mental 

Strategies 

Renewable 

Energy 

Health & 

Resilience 

Considera-

tions 

Identified Lim-

itations / Gaps 

Relevance to 

3Ms Frame-

work 

Cityscape 

Tower 

Gulshan

, Dhaka 

Commerci

al high-

rise 

LEED 

Platinum 

certification

; integration 

of greenery 

and natural 

airflow 

Vertical 

greenery, UV 

glass, natural 

airflow, 

façade 

greenery 

Solar panels 

incorporated 

Natural 

airflow and 

greenery 

contribute to 

healthier 

indoor 

conditions; 

limited 

evidence of 

pandemic-

oriented 

spatial 

planning 

Does not 

comprehensivel

y integrate 

renewable 

energy, health-

oriented spatial 

planning, and 

contamination-

resistant design 

within one 

strategy 

Demonstrates 

the importance 

of integrating 

passive 

environmental 

strategies, 

façade 

greenery, and 

sustainability 

objectives 

Karupann

ya 

Rangpur 

Ltd. 

Robert-

songonj, 

Rangpur 

Industrial 

/ factory 

complex 

Climate-re-

sponsive in-

dustrial de-

Natural air 

circulation, 

green fa-

Limited em-

phasis on 

solar energy 

within the 

Natural cir-

culation and 

open spaces 

Primarily fo-

cused on indus-

trial efficiency; 

Demonstrates 

the role of nat-

ural ventila-

tion, greenery, 
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Case 

Study 

Loca-

tion 

Building 

Type 

Key Sus-

tainable / 

Resilient 

Features 

Façade & 

Environ-

mental 

Strategies 

Renewable 

Energy 

Health & 

Resilience 

Considera-

tions 

Identified Lim-

itations / Gaps 

Relevance to 

3Ms Frame-

work 

Greenfield 

Facility 

sign; em-

phasis on 

environ-

mental per-

formance 

çades, land-

scaped areas, 

atrium and 

water fea-

tures 

identified 

strategies 

provide en-

vironmental 

benefits, but 

disease-pre-

ventive spa-

tial planning 

is not a ma-

jor focus 

limited integra-

tion of photo-

voltaic systems 

and health-ori-

ented spatial 

configuration 

open spaces, 

and site-re-

sponsive de-

sign 

Urban 

Forest 
Dhaka 

Commer-

cial / of-

fice build-

ing 

Biophilic 

design; re-

sponse to 

west-facing 

solar expo-

sure; crea-

tion of an 

internal ur-

ban pocket 

Semi-internal 

courtyard, 

green spaces, 

peripheral 

pathways, 

vegetation, 

inward-fac-

ing configu-

ration 

No compre-

hensive so-

lar-energy 

strategy 

identified 

Courtyard 

and open 

spaces sup-

port natural 

airflow and 

occupant 

well-being 

Sustainable 

strategies are 

not comprehen-

sively com-

bined with re-

newable energy 

and pandemic-

oriented spatial 

planning 

Demonstrates 

the potential 

of biophilic 

design, court-

yard planning, 

natural air-

flow, and fa-

çade/environ-

mental re-

sponse 

Mobil 

House 
Dhaka 

Commer-

cial / of-

fice head-

quarters 

LEED Plati-

num certifi-

cation; well-

ness-ori-

ented design 

Courtyards, 

building cut-

outs, vertical 

gardens, veg-

etation, stra-

tegic airflow 

Renewable-

energy inte-

gration is 

not strongly 

emphasized 

in the identi-

fied strate-

gies 

Open court-

yards, air-

flow, and 

spatial sepa-

ration sup-

port health-

ier and more 

adaptable 

environ-

ments 

Does not fully 

integrate renew-

able energy, bi-

odiversity-ori-

ented greenery, 

and all 

health/resili-

ence strategies 

into a unified 

approach 

Demonstrates 

the relation-

ship between 

greenery, nat-

ural airflow, 

occupant well-

being, and re-

silient spatial 

organization 

 

 

3. Methodology 

3.1. Research Approach 

The Figure 15 represents a systematic design process ori-

ented strategic "3Ms Framework" which is designed for pro-

spective project advocating the concepts of epidemic resilience, 

sustainability and solution offerings in terms of functionality. 

The framework structure itself is comprised of three main fac-

ets—Mission, Milestones, and Methods—each contributing to 

the project's essence. The Mission of this project is epidemic-

preventative and environmentally-responsive design. We hope 

to create a space that will not only address present health chal-

lenges, but also prepare for any changes in the environment 

down the line. This fundamental goal promotes architecture 

with safety, adaptability, and sustainability at heart. 

In light of this mission, the project defines several Mile-

stones. The purpose of which is to minimize and incorporated 

in non-contact design features. Such a method reduces the risk 

of spreading the virus. Natural flow will be high on the priority 

list. It reduces dependence on mechanical ventilation systems. 

It also encourages healthier indoor climates. Another empha-

sis is on plants. It is through biophilic design principles. These 

principles make nature a part of the built space. The project 

features green roofing for enhanced insulation. It also contrib-

utes to diversity in cities. One more objective is to reduce 

power usage. This is achieved with clever choice of materials 

and design. It saves energy throughout the entire building. The 

project uses specific Methods to achieve these milestones. 

Green layering with vegetation provides natural cooling. It 

also enhances the building’s appearance. Solar panels gener-

ate renewable energy. This reduces reliance on non-renewable 

sources. Water body designs use evaporative cooling. This 

lowers indoor temperatures naturally. Digital tools like Auto-

CAD, Sketch Up, and Lumion play a crucial role in this phase, 

enabling the team to use Building Information Modelling 

(BIM) for accurate design visualization and iterative refine-

ment. 

The flow chart of the proposed methodology for this study 

is presented in Figure 15: 
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Figure 15. The proposed 3Ms framework flow chart. 

3.2. Development of the 3MS Framework 

 
Figure 16. Development of 3MS framework. 

3.3. Performance Evaluation 

The proposed 3MS framework presents a practical and 

structured approach to sustainable facade design for develop-

ing countries. The framework is built around three intercon-

nected components: Missions, Milestones, and Methods, 

which together guide the design process from initial analysis 

to performance evaluation. 

The “Missions” define the overall goals of the project, fo-

cusing on sustainability, climate responsiveness, occupant 

comfort, and long-term architectural resilience. The “Mile-

stones” transform these goals into measurable stages and per-

formance targets that help monitor the progress of the design 

throughout different phases. The “Methods” represent the 

strategies, tools, materials, and technologies applied to 

achieve these objectives, including passive design approaches, 
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local material integration, simulation-based analysis, and en-

vironmentally responsive facade systems. 

The framework also emphasizes the importance of contex-

tual analysis by considering climatic, social, economic, and 

architectural conditions specific to developing countries such 

as Bangladesh. Through an iterative design process and simu-

lation-based performance evaluation, the framework aims to 

create facade solutions that are energy-efficient, environmen-

tally responsible, adaptable to climate challenges, and suitable 

for local contexts. Ultimately, the 3MS framework provides a 

comprehensive pathway toward achieving resilient and sus-

tainable architectural envelopes for future urban development. 

4. Proposed Design 

4.1. Existing Building Conditions 

 
Figure 17. Existing condition of the building. 

The existing building showcases a minimalist structure with 

a linear design layout in Figure 16. It features solid, rectangu-

lar forms with flat roofs, and the exterior walls giving it a con-

ventional appearance. The rooms are organized in a compact 

floor plan, emphasizing function over flexibility. Natural light 

appears limited due to the solid wall construction. There's 

minimal integration of outdoor greenery or natural elements. 

The original building plan is a compact, rectangular layout 

with a simple room distribution which are shown in Figure 17. 

The ground floor includes multiple connected rooms, each 

separated by solid interior walls, reflecting a traditional com-

partmentalized design. There is a distinct hallway that con-

nects various spaces, including common areas and private 

rooms. The structure lacks a central open space, which re-

stricts natural airflow. The windows are limited in number, 

suggesting a design that does not fully utilize natural light or 

ventilation. The exterior is enclosed by solid walls, with min-

imal landscaping or integration of outdoor elements. The de-

sign prioritizes functionality, providing essential rooms and 

circulation spaces without incorporating advanced sustaina-

bility or pandemic-preventive features. 

 
Figure 18. Existing plan of the building. 

4.2. Modification 

The intended building design appears to integrate signifi-

cant architectural features that are compatible with epidemic-

resistant and green building design. With autonomous parking 

and access to the entrance in the design (Figure 18), this rede-

velopment highly enhances the building's public health aware-

ness. The redesign data reduce contact between people enter-

ing or leaving the building, making it easier to control crowds 

and achieve physical distancing. It also aids in the isolation of 

various groups of users, for example, residents, visitors, or de-

livery staff, to minimize cross-contamination threats. 

Directed entry and parking lots enable some control over flow 

patterns, preventing unnecessary assembly and free passage for 

vital services or rescue response. The redesigned approach ena-

bles greater ease and safety of movement about the building, im-

perative in pandemic contexts where minimizing person-to-per-

son contact slows disease spread. Moreover, it offers a more fo-

cused pathway for sanitation measures at entry points, i.e., hand 

sanitizer stations or temperature screening, which adds to the 

power of the building against epidemics (Figure 19). 
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Figure 19. Proposed ground floor plan of the building. 

Water body utilization is integrated into the design (Figure 

19), and it may be a passive cooling mechanism, providing 

evaporator cooling as it constructs the delightful and sustain-

able amenity. Common areas are likely to be designed to be 

flexible for versatile use, promoting social distancing where 

necessary. Common areas may be outdoor courtyards or in-

door ventilated common areas, providing the social interaction 

balance with protection during outbreaks. 

The building has natural ventilation systems, likely as open 

facades, windows, and ventilated corridors. This would reduce 

dependence on mechanical ventilation and provide for control 

of air quality, which is critical for management of airborne in-

fections. Facades have large opening and possibly green wall 

features that enhance airflow through passive design mecha-

nisms. The building integrates green architecture, with obvi-

ous utilization of natural elements. The green roof in Figure 

21 is another notable feature, where green areas are created on 

the third floor to ensure improved insulation and a comforta-

ble outdoor space. It also helps in minimizing urban heat is-

land effects. 

 
Figure 20. Sectional elevation of the proposed building. 

The design integrates photovoltaic panels as part of the fa-

cade or roofing systems to reduce energy consumption and in-

crease energy efficiency for more sustainable building opera-

tion. The use of solar energy will reduce reliance on conven-

tional energy sources. The building layout suggests careful de-

sign for the reduction of contact between spaces, most likely 

through non-contact room distribution, for enabling safer 

movement during health crises. This element can also include 

separated circulation paths or corridors that are designed to 

prevent congestion. Isolation rooms are also evident in the de-

sign (19 no. tag in the Figures 18, 20 & 21), which are de-

signed for quarantine during an epidemic or pandemic, allow-

ing for containment and segregation of potentially infected in-

dividuals without disrupting the rest of the facility. 
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Figure 21. Proposed typical floor plan. 

 
Figure 22. Proposed third floor plan. 

The original building, originally limited to ground and first 

floors, has been reoriented and extended to a maximum of 

third floor, in addition to a roof (Figures 20 & 21). Besides 

providing extra functional space, this vertical extension pro-

vides architectural expression. The building includes green ar-

chitectural features, thus making the building not just good-

looking but also sustainable. The roof, most likely to be an 

indoor play space or garden, also extends the building out into 

nature, and total shape helps with sustainability. It helps with 

use flexibility and is a considerate reaction to current green 

architecture. 

The layout of Figure 22 includes multiple sections for veg-

etation, with raised garden beds and integrated greenery all 

around the space. The well-defined garden areas create a vis-

ual connection to nature, while also acting as functional out-

door living spaces. The roof garden in this design serves as 

both an aesthetic and functional element of the building, 

providing natural insulation, reducing energy consumption, 

and supporting green living. It adds an additional layer of eco-

logical benefits, making it a central feature in creating a sus-

tainable and epidemic-resilient structure. 
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Figure 23. Proposed roof top. 

5. Results & Discussion 

5.1. Green Wall as Building Facade 

The proposed design includes innovative elements of sus-

tainability strategies and environmentally friendly materials 

that suit the challenges of climate in Bangladesh. Central to 

the concept is an adoption of a green wall as the edge of this 

built form, increasing both its ecological footprint and visual 

amenity, see Figure 23. The new living wall includes a bio fill 

control system that allows direct growth of plants, actively 

contributing to biodiversity and removing harmful pollutants 

from the air while providing oxygen. It also provides a natural 

insulation which helps to keep the heat out in summer and the 

warmth in, during winter. The green wall establishes a rela-

tionship between the indoor environment and nature, improv-

ing occupant well-being. 

 
Figure 24. Proposed green wall of building facade. 

Green walls, or living walls, refer to vertical structures that 

are partially or completely covered with vegetation; a concept 

dating back to the time when vines would grow against walls 

and buildings naturally. Contrary to the days of this technol-

ogy being impractical, recent studies show a shift in integrat-

ing green walls into architectural and urban planning designs. 

Countries such as New York, Tokyo and Singapore are paving 

the way to adopt these systems to optimize greening capacities 

with limited spaces [10]. Additionally, technological and de-

sign improvements are rendering green walls less expensive 

and more effective technology with potential for widespread 

implementation within urban environments [11, 16]. While 

roof space has the capacity for greening in cities, vertical walls 

represent a much larger surface area. Through centuries, ver-

tical vegetation has been applied to cities by climbing plants 

such as wisteria and Virginia creeper occupying surfaces of 

buildings in beautification. Donned with the magnificent ap-

pearance, these exquisite plants beautify structures and main-

tain environmental sustainability through air quality enhance-

ment and biodiversity promotion [7]. The basic concept of 

vertical gardening has become a more formal one over recent 

year with the introduction of green walls, which have been 

widely embraced as an urban design strategy for sustainability. 

5.1.1. Self-Climbing Plants 

Figure 24 Structural relationship between self-climbing plants and 

building façade. The roots penetrate the soil of ground level and 

grow on outer face which they stick to directly or via supporting 

structures. Such design renders sustainable architectures by using 

natural features for climate control to minimize mechanical cooling 

and improving the responses of building against exterior perfor-

mances as depicted in Figure 25. 

 
Figure 25. Section of self-climbing plants. 
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Figure 26. Proposed Vertical Gardeners. 

5.1.2. Supported Climbing Plants 

Figures 26 and 27 illustrate sectional details of vertical 

plant support systems, specifically designed to facilitate veg-

etation growth on building facades. These sectional diagrams 

reveal the structural elements and arrangements needed to in-

corporate green facades on these buildings as seen in the per-

spective view in Figure 29. In Figure 26, Simple form of the 

support system is shown where the plants are fixed on another 

structural frame attached to the exterior surface. The plants 

grow on a soil bed at ground level; hence, it is a more basic 

vertical greening system. This single support configuration is 

ideal for applications where minimal structural disruption is 

needed, quickly connecting to the face with limited scaffold-

ing/trays used. Figure 27 elaborates on this idea-showing a 

system of support for plants with varying levels. This sectional 

view belongs to one of their other works, which includes soil 

trays for vertical growth at different levels of the front. It al-

lows denser and well - distributed planting on a vertical sur-

face of the building which in turn increases greening effect, 

possibly it can also lead to a better insulation. In addition to 

the multi-layer support, poly-amide felt sheets are used be-

tween each layer to facilitate water retention and drainage, al-

lowing sustainable plant cultivation with a built-in water sup-

ply system. 

 
Figure 27. Section of single support for plants. 

 
Figure 28. Section of multi-layer support for plants. 

Figure 28 includes detailed technical section of a vertical 

green wall with structural and material components to support 

the plants as well as the sustainable use of water. It consists of 

a metal tube scaffolding for support around poly-amide felt 

sheets, which contains the plant roots and the water distribu-

tion system. Water flows through the system from a supply 

point at the top, percolating through the felt to nourish the 

plants, with excess water being collected at the base for reuse, 

demonstrating an efficient and closed-loop irrigation design. 

The poly-amide felt provides a substrate for plant growth 

while the rigid PVC sheet acts as a barrier against moisture 

infiltration to the exterior wall. 
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Figure 29. Section of living wall (outer facade). 

 
Figure 30. Proposed Supported climbing Plants. 

The perspective view in Figure 29 positions these sectional 

details of building facades alongside the multi-layered plant 

support system into context. This visual picture demonstrates 

how the modular units in Figures 26 and 27 combine to create 

the exterior surface of a building, creating a uniform green 

surface. It is a demonstration of applied application of the 

multi-layer support system, with an illustration of a number of 

levels of greenery that surround the facade and create a breath-

ing and living building in line with principles of urban green-

ing and sustainable design. The perspective view therefore 

serves as an applied interpretation of the sectional details, re-

lating the technical specifications of Figures 26, 27 and 28 to 

their potential applied application on building facades. 

5.1.3. Hanging Balcony Plants 

This detailed section diagram of Figures 30 & 31 illustrates 

the structural setup and materials used for implementing a 

planter in architectural design, focusing on ensuring adequate 

drainage, waterproofing, and stability for plant growth. These 

sections show a layered composition designed to support 

plants while protecting the building's structure. The planter 

begins with a base of 2 inches of gravel, sloped appropriately 

to direct excess water towards drainage systems, preventing 

water accumulation. Above the gravel layer lies 7 inches of 

soil, providing a sufficient substrate depth to support plant 

root systems. A 1-inch gap with PVC net follows, aiding in 

separation while allowing roots to extend, and a Geo-textile 

fabric further reinforces the structure, enhancing stability and 

water flow management. To prevent water damage, a 2-inch 

waterproofing casting layer is applied above the structure, 

covered by 8mm tiles for a polished finish. The planter walls 

are coated with plaster for a smooth & durable finish. This 

assembly effectively supports plant growth while mitigating 

the risk of water leakage or structural deterioration. Such de-

sign is crucial for integrating greenery in buildings, contrib-

uting to the overall environmental and aesthetic goals of sus-

tainable architecture. 

 
Figure 31. Section of pot plantation (balcony/veranda). 
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Figure 32. Section of pot plantation. 

 
Figure 33. Proposed Hanging Balcony Plantation. 

5.2. Natural Ventilation System as an Aesthetic 

Facade 

The second striking aspect of the design is that it comes 

with a natural ventilation system, enhancing in-building air-

flow to a maximum, reducing mechanical cooling needs to a 

bare minimum. Evaporator cooling practices go way back as 

early as ancient times, with the Egyptians using for the first 

time porous water-containing jars to cool their rooms. The wa-

ter evaporating cooled the oppressing heat. Similarly, the Ro-

mans employed clay and water pipes to introduce cooling 

fluid into their walls. An architecture firm in Delhi called Ant 

Studio is applying a modern twist to these old methods. 

They've developed the "Cool-Ant," a terracotta and water-

based system to reduce the consumption of air conditioners. 

Not only is this passive cooling system drawing inspiration 

from ancient approaches that continue to be observed in coun-

tries like India, Iran, Egypt, Saudi Arabia, and Bangladesh, but 

it can be utilized as a sustainable facade for buildings today. 

This aside from its utility, the "Cool-Ant" has an aesthetically 

pleasing facade design that not only contributes to energy ef-

ficiency but also ensures the conservation of nature [7]. 

Figures 33 & 34 illustrates the beehive cooling system. It is 

made of tightly stacked Terra-cotta cones, built through ad-

vanced technology to attain the proper shape and dimensions. 

Water flows over the cones once or twice daily and, while 

evaporating, cools the air around it. The water is stored by the 

porous Terra-cotta and drains out to the surface, evaporating 

and creating cool air. The water drops into a lower base, cre-

ating an excellent waterfall effect [7]. 

 
Figure 34. Diagram of beehives cooling system. 

 
Figure 35. Diagram of beehives cooling system. 
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In Figure 35, it shows how this cooling system works. To 

reduce power loads for residential and commercial spaces, this 

installation gives some other salient benefits. It uses eco-

friendly material locally sourced, recycled water, and reusable 

steel, thus making it a cost-effective alternative. The system 

requires only low electricity (for the water pump) and little 

water supply, since the water is circulated and reused consist-

ently when operating. The water tank has to be filled once a 

month, or as per its size, and is not topped up repeatedly. The 

Beehive's pump circulates water from the factory plant to the 

top of the building, where it trickles over the clay cones' sur-

face. There are many pipes of clay that offer a larger surface 

area, which enhances the cooling effect. Temperature tests in-

dicated that the Beehive cooled surrounding air from 107°F to 

97°F. Ant Studio opted for clay for the beehive following ex-

tensive research due to its hygroscopic properties since it ab-

sorbs water. Clay has a negative charge that bonds onto the 

positive charge of water molecules, making it absorb moisture 

in liquid and vapour forms. In addition, clay is fully recyclable, 

as it does not possess compound chemicals or materials [7]. 

 
Figure 36. Flow of beehives cooling system. 

 
Figure 37. Proposed Beehive façade design. 

5.3. Roof Garden 

Roof garden are important elements for sustainability and 

greenery architecture. There is a series of layers which im-

proves the environmental aspect of a building. This design 

features a roof garden that not only creates a beautiful natural 

aspect in the building itself but also acts as an effective insu-

lator of buildings against heat loss effects, use less energy and 

provide for green lifestyle. It also contributes a layer of eco-

logical aid, making it a key element in the development of a 

structure that can uphold sustainability and resilience towards 

future pandemics. 

In Figure 37 the layout has raised up garden beds and green 

spaces throughout the whole of space for its vegetation sec-

tions. The distinct garden districts provide a glimpse of nature 

and serve as outdoor living spaces. 

 
Figure 38. Proposed roof garden. 

Figure 38 illustrates the roof garden layers that are pre-

served in this project. The roof is designed with a pictorial 

meadow and a green roof seed mix. It naturally adds greenery 

and supports biodiversity. The plants provide insulation, cool, 

and harvest rainwater. Below the plants, there are layers such 

as the green roof substrate and drainage layer that facilitate 
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water management. These create the drainage of excess water 

that causes water stagnation and cause root damage, and aid 

growth of plants. Waterproof membrane is covered over, 

which avoids penetration of water into the building and keeps 

the building intact. Apart from insulation, these layers also aid 

energy efficiency by reducing the transfer of heat inside [6]. 

 
Figure 39. Roof garden layering [20]. 

 
Figure 39. Roof garden layering [20]. 

5.4. Solar Panel Installation 

Building Integrated Photovoltaic (BIPV) systems, or solar 

facades, are an elegant solution that combines functionality 

with aesthetics by integrating solar energy generation di-

rectly into the structure of buildings. Different than Figure 

39 classic rooftop solar, BIPV also serves as a building face 

and guarantees clean energy in addition to enriching the ar-

chitecture. As countries around the world drift towards re-

newable energy targets, solar facades are gaining ground, for 

example the Netherlands could provide up to 58 gig watt-

peak capacity in BIPV while Belgium has already seen hos-

pitals using BIPV on building roofs to produce substantial 

solar energy outputs. 

 
Figure 40. Proposed Rooftop solar. 

Solar facades typologies (like transparent solar glass, solar 

cladding or even sun-tracking kinetic systems) enable archi-

tects to blend energy generation with design autonomy. The 

systems help in reducing carbon footprints at low energy ex-

penses and maximizing space, particularly useful in cities 

where rooftop spaces are scarce. They also have financial ad-

vantages through long-term saving as well as selling energy 

back to the grid. With real-time advancement in AI and IOT, 

BIPV systems are now being maximized to generate energy 

even more effectively, leading buildings towards becoming 

more autonomous and self-sustaining. 

Figure 40 outlines an approach using transparent solar glass, 

mobile solar panels that follow the sun's trajectory and process 

with recycled steel. Since the panels move to face the sun, en-

ergy optimization happens dynamically. Recycled steel is not 

only a part of the structure but also constitutes sustainable ma-

terial. Figure 41 demonstrates a possible modular facade ap-

proach featuring transparent solar glass, square solar panel 

modules, raw concrete, and recycled steel. This setup empha-

sizes a layered, structured aesthetic, where square PV modules 

are framed by raw concrete and steel, creating a harmonious 

blend of industrial and sustainable elements. 

Figure 42 show a horizontal integration of solar panels on 

transparent solar glass. The panels' mobility makes them fol-

low the path of the sun throughout the day, hence maximizing 

energy efficiency. The transparent solar glass provides more 

natural lighting within the building, reducing artificial lighting 

needs and thus resulting in energy conservation. 
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Figure 41. Possible solar façade-1. 

 
Figure 42. Possible solar façade-2. 

 
Figure 43. Possible solar façade-3. 

In summary, these facade treatments reflect principles for 

integration of adaptive solar technologies as well as sustaina-

ble materials into building skins barring functional and aes-

thetic performances. They stand for the possibility of modern 

architecture with facade-integrated photovoltaic (BIPV), 

helping to enable energy-efficient buildings with no compro-

mises in design. 

But as far as our conceptual building is concerned, we have 

proposed to have Roof Top Solar Photovoltaic System 

(RTSPV). The performance of two rooftop solar PV systems 

installed in paikpara, Bangladesh has been compared from 

five aspects which are site conditions; meteorological data; in-

put system specifications; system output and economic evalu-

ation. Case Study 1 is a three-kilowatt (kW) system with all 

modules facing south. Case Study 2, on the other hand, has a 

system rated at 2.5 kW with mixed-orientation: four panels 

facing South and one West, Performance and energy output of 

such configurations were analyzed against identical environ-

mental conditions. 

6. Site Conditions 

In Figure 43 both systems are located at the same geograph-

ical site (23.79°N and 90.36°E) which is suitable for solar en-

ergy harvesting with an annual horizontal irradiation of 1784 

kWh/m2. In case study-1, the systems are mounted on fixed 

planes with uniformly facing south at a 30° tilt, while Case 

Study-2 employs a mixed orientation, with four panels facing 

south at a 30° tilt and one panel facing west at a similar tilt 

with a different azimuth angle of 90°. In Case Study-1 the so-

lar panel system is oriented south uniformly to capture direct 

sunlight all day long allowing energy production at less vari-

ance. Alternatively, adding a west-facing panel (Case Study-

2) captures more energy in the late afternoon when peak even-

ing energy demand likely occurs. Simulations also account for 

low energy losses of less than 3% due to minor shading that 

both systems experiences. 

 
[System - 01/ case study - 01] 

 
[System - 02/ case study - 02] 

Figure 44. Roof Top Solar Photovoltaic System (RTSPV). 
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7. Load Profile 

7.1. System Design 

Case Study 1 comprises six longi Solar panels, each with a 

nominal capacity of 510 W p, yielding a total system capacity 

of 3.06 kWp. The system incorporates an individual 

chintPower CPS SC 2. 8KTL inverter with an output of 2.8 

kW, giving a nominal DC-to-AC power ratio of 1.09 the pan-

els cover a surface area of 14.2 m2. 

By contrast, in Case Study 2, it is five pieces of longi Solar 

panels with 2.55 kWp in total capacity. The system uses two 

inverters, a hypontech HPS-2000 (2 kW) for the south-facing 

panels and a Huayu-600-Plus (0.5 kW) for the west-facing 

panel. It covers less space at 11.9 m2 in scale. Case Study 1 

uses a simple design of only one unit/inverter but Case Study 

2 classifies the complexity that two different orientations and 

two inverters are used. This design is meant to capture more 

energy during the day, but it comes at a price since it compli-

cates the system. 

 
Figure 45. System Configurations for Case Study 1 and Case Study 2 in Residential PV Installations. 

7.2. System Output 

Yearly energies generated according to the simulation re-

sult are respectively 4676 kWh (for Case study-1) and 3920 

kWh (for Case Study-2). In spite of the much greater overall 

yield, Case Study 1 has a somewhat reduced yield of just 1528 

kWh/kWp/year compared to the 1537 kWh/kWp/year 

achieved by the second case study. This trend is further sup-

ported by the performance ratio (PR), where Case Study 1 rec-

ords 79.78%, slightly lower than the 82.58% PR of Case Study 

2. Overall, Case Study 2 demonstrates better efficiency de-

spite having a smaller capacity. 

Higher specific yield and PR of Case Study 2 indicates bet-

ter utilization of its capacity which is basically due to genera-

tion from west facing panel during low-sunlight hours. Case 

Study 1 undoubtedly outputs more energy in total, but it has 

higher installed capacity which overcomes its small efficiency 

disadvantages, and this is the conclusion that Case Study 1 

demonstrates well. 

 
Figure 46. Case Study -01. 
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Figure 47. Case Study -02. 

8. Economic Evaluation 

From the economic perspective, Case Study 1 is recognized 

as the more cost-effective option. It possesses a reduced spe-

cific cost of $0.37/watt, a short payback period of 5.9 years, a 

very high rate of return on investment of 128.4%, and a low 

levelized cost of energy of ($0.036/kWh). On the other hand, 

the installation cost of Case Study 2 is somewhat lower but its 

particular cost is higher at $0.41/watt, has a longer payback 

time of 7.7 years, reduced ROI (74.7%), and elevated LCOE 

($0.043/kWh) the higher LCOE and longer payback time orig-

inate from the lower capacity and reduced overall energy out-

put of the system in comparison with Case Study 1. 

 
Figure 48. Economic Performance Comparison of PV Systems. 

Table 2. Economic Performance Comparison of PV System Case Studies. 

Economic Indicator Case Study-1 Case Study-2 

Specific Cost ($/W) 0.37 0.41 

Payback Period (Years) 5.90 7.70 

Return on Investment (%) 128.40 74.70 
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Economic Indicator Case Study-1 Case Study-2 

Levelized Cost of Energy ($/kWh) 0.036 0.043 

 

9. Environmentally Friendly Solution 

Both the roof top Solar panel system under consideration 

offer a compelling environmental solution. RTSPV system’s 

ability to significantly reduce CO2 emissions aligns with 

global efforts to mitigate climate change. The positive CO2 

balance in Figure 48 Indicates that the solar energy system 

contributes to a reduction in overall greenhouse gas emissions. 

The initial emissions associated with manufacturing and in-

stallation are offset by the long-term savings from clean en-

ergy generation. 

The Figure 48 visually represents the cumulative CO2 sav-

ings over the 30-year lifespan of the system. The linear increase 

in the graph highlights the steady and substantial environmental 

impact of the solar energy system. Each system has its strengths 

for certain energy needs. Specifically, Case Study 1 recom-

mended for users who use the system on minimum economic 

input and maximum energy output case such as grid-feed-in ap-

plication or daytime load. Case Study 2 is more appropriate for 

scenarios with considerable evening energy demand. Finally, it 

all comes down to what the user values more — energy gener-

ation, price, or when they need that energy. 

 
Figure 49. Projected CO2 Reductions from Residential RTSPV Sys-

tems. 

10. Results 

10.1. Identification of Key Factors Influencing 

Sustainable Façade Design 

Evaluation of the selected literature revealed that building 

façade performance was influenced not by a single interven-

tion but by a mixture of environmental, material, and design-

related factors. The factors were mentioned in specific con-

texts and climates, but they repeatedly appeared as the key to 

creating a successful sustainable façade design. The analysis 

additionally confirmed that passive design techniques play a 

significant role in enhancing the overall performance of fa-

çades, especially in developing countries where economic and 

technical resources are often limited. Measures such as exter-

nal shading devices, optimized window-to-wall ratios, cli-

mate-responsive orientation, natural ventilation, green façades, 

and the use of locally available materials are commonly iden-

tified as powerful techniques to reduce heat gain and enhance 

indoor environmental quality. However, regardless of their ef-

fectiveness, these strategies can only achieve their full poten-

tial when they are properly integrated throughout the design 

process. 

10.2. Findings from the Case Study Analysis 

Selected case studies confirmed that façade performance is 

closely related to local climatic conditions and the ability of 

the design to respond to those conditions. Although each case 

study adopted a different form of architectural expression, 

several common features were evident throughout the evalua-

tion. Buildings that incorporated passive shading structures, 

well-thought-out solar orientation, and natural ventilation 

generally had better environmental performance by reducing 

reliance on mechanical cooling, as well as projects that prior-

itized locally produced materials and climate-responsive de-

sign strategies compatible with their surrounding environ-

ments, providing practical solutions in comparable socioeco-

nomic contexts. Another frequent observation was that suc-

cessful façade design was no longer determined by the com-

plexity of the technologies used. Instead, the effectiveness of 

the façade depended largely on the successful incorporation of 

environmental strategies in the early stages of design. This 

finding highlights the importance of adopting a structured de-

sign process rather than relying solely on individual technical 

solutions. 

10.3. Evaluation of the Proposed 3Ms 

Framework 

The findings show that the proposed 3Ms framework pro-

vides a clear and systematic way to integrate sustainability 

into façade design. By organizing the design process into three 

interrelated stages—Missions, Milestones, and Methods—the 
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framework establishes a logical sequence that guides deci-

sion-making from the initial project objectives to the selection 

of appropriate façade strategies. 

The Mission stage outlines the project's sustainability goals 

by considering the building’s environmental and functional 

requirements. The Milestone stage translates these objectives 

into measurable design goals so that the design process can be 

reviewed and refined as the project evolves. Finally, the 

Method stage focuses on selecting appropriate design strate-

gies, materials, and technologies that respond to specific cli-

matic conditions. Rather than treating sustainability as a final 

design focus, it integrates environmental performance at all 

stages of façade development, allowing architects to make in-

formed decisions from the earliest stages of the project. 

10.4. Implications for Architectural Resilience 

The evaluation also shows that the proposed framework 

promotes architectural resilience by encouraging façades that 

can better respond to changing environmental conditions. Cli-

mate change has increased the need for buildings that can re-

duce energy demand and maintain appropriate comfort levels, 

especially in developing countries where rapid urbanization 

and limited resources create significant challenges. The 

framework promotes resilience through climate-responsive 

design choices that increase thermal comfort, reduce solar 

heat gain, improve natural ventilation, enhance long-term du-

rability, and encourage the use of locally appropriate materials. 

These strategies collectively strengthen the overall perfor-

mance and adaptability of buildings. An additional advantage 

of the framework is its flexibility. Since decision-making is 

based on environmental objectives rather than fixed design so-

lutions, this flexibility allows the framework to be adapted to 

different building types, climatic conditions, and economic 

conditions, thereby increasing its potential application across 

a wide range of developing countries. 

10.5. Overall Findings 

Its findings show that the implementation of a sustainable 

façade is more effective when environmental goals, perfor-

mance evaluation, and design techniques are considered as in-

terconnected parts of a single process. The literature review 

and case study analysis consistently confirmed that successful 

façade design depends on the integration of passive environ-

mental strategies, contextual considerations, material selec-

tion, and design decisions. Based on these findings, the pro-

posed 3Ms framework provides a structured approach to sup-

port façade design throughout the project life cycle. By linking 

project goals to measurable performance objectives and ap-

propriate implementation strategies, the framework provides 

architects and designers with a practical guide to developing 

façades that are environmentally responsive, resource-effi-

cient, and adaptable to the climate challenges of the future. Its 

emphasis on integrated decision-making makes it particularly 

relevant for developing countries, where sustainable design 

solutions must balance environmental performance with eco-

nomic and technical constraints. 

11. Conclusion 

Finally, "Implementing the (3Ms) Framework to Achieve 

Sustainable Facade Design and Architectural Resilience in 

Developing Countries" emphasizes the revolutionary prospect 

of introducing green facade principles to the Bangladeshi ar-

chitectural scene. With the country experiencing accelerated 

urbanization, environmental degradation, and sheer necessity 

for sustainable development, green facades can be defined as 

a methodology that integrates ecological as well as aesthetic 

considerations. This research highlights the means by which 

innovative facade design not merely enables energy efficiency, 

climatic resilience, and enhanced urban biodiversity but also 

enhances a deeper affinity of nature and built space. With the 

use of green facades, Bangladeshi city planners and architects 

can now build structures that are not just aesthetically pleasing 

but also resonate with their surroundings. The application of 

such interventions has the ability to upgrade the standard of 

architectural practice within developing countries, setting a 

precedent that is replicable worldwide. Envisioning a future in 

which environmental stewardship and urban vitality are insep-

arable, green facades are a necessary step toward more sus-

tainable, more livable, and more resilient urban environments. 

Abbreviations 

3Ms Missions, Milestones, Methods 

BIM Building Information Modelling 

BIPV Building-Integrated Photovoltaics 

LEED Leadership in Energy and Environmental 

Design 

RTSPV Rooftop Solar Photovoltaic System 

SDGs Sustainable Development Goals 

GWL Ground water level; 

FF Finished floor; 

CL Centre line; 

VG Vertical greenery. 

ES Electrical Systems 

PV Photovoltaic panel; 

INV Inverter; 

DB Distribution board. 

kWh Energy metrics in kilowatt-hours 

°C Temperatures in Celsius 

° Angles in degrees 
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Appendix 

Appendix I: Case Study Building Specifications 

Table 3. Case Study Building Specifications. 

Parameter Cityscape Tower Karupannya Greenfield Urban Forest Mobil House 

Location Dhaka Rangpur Dhaka Dhaka 

LEED Certification Platinum Platinum N/A Platinum 

Key Sustainable Fea-

tures 

Vertical gardens, UV 

glass 
Natural air circulation Biophilic courtyard 

Vertical gardens, open 

courtyards 

Energy Efficiency (%) 35 28 42 3 

Pandemic-Resilient? no no no partial 

 

Appendix II: 3Ms Framework Implementation 

Checklist 

Missions: 

Integrate pandemic-resilient design 

Achieve 40% energy reduction 

Use ≥60% local materials 

Milestones: 

Phase 1: Non-contact spatial layout (Month 1-3) 

Phase 2: Green façade installation (Month 4-6) 

Phase 3: Solar panel commissioning (Month 7-9) 

Methods: 

BIM simulation (Lumion/Revit) 

Local material sourcing (clay, jute) 

Post-occupancy monitoring 

Appendix III: Solar Panel Performance Data 

Case Study 1 (3.06 kWp) 

Annual output: 4,676 kWh 

Performance ratio: 79.78% 

CO2 reduction: 3.2 tons/year 

Case Study 2 (2.55 kWp) 

Annual output: 3,920 kWh 

Performance ratio: 82.58% 

CO2 reduction: 2.7 tons/year 

Appendix IV: Plant Species for Green Façades 

Table 4. Plant Species for Green Façades. 

Species Benefits 

Ficus pumila High CO2 absorption, drought-resistant 

Hedera helix Fast-growing, improves air quality 

Ipomoea pes-caprae Salt-tolerant (coastal areas) 
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Notations: 

Table 5. Mathematical Notations. 

Symbol Description Unit 

E Energy consumption kWh/m2/year 

ΔT Temperature differential °C 

ACH Air changes per hour h⁻1 

COP 
Coefficient of performance 

(cooling systems) 
- 

U-value 
Thermal transmittance of façade 

materials 
W/m2K 
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