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Abstract 
With advances in technology, expectations and demands concerning building facade performance have been increasing. Compared to a 
building with static shading, daylighting, ventilating or energy generating systems or none of these at all, the use of a kinetic facade 
system will diminish the need for external energy expenditures by decreasing unwanted solar heat gain or loss, increasing the use of 
natural lighting, and generating on-site energy, while also increasing the use of natural ventilation. The main aim of this paper is to 
compare and analyze the energy performance of a commercial building with and without Kinetic facades. We will be studying various 
materials used for manufacturing kinetic façade components, and systems. This research has a methodology that includes a literature case 
study, an on-site case study, and a comparative analysis. An outcome will show the energy efficiency of the kinetic facades as compared 
to the buildings without kinetic facades. 
Keywords: 25TKinetic Facade, Energy Performance, Sustainability, Energy Efficiency, Commercial Building 

1 Introduction 

With advances in technology, expectations and demands in regard to building facade performance are increasing. the first 
purpose of a building envelope is to guard the structure and its contents from exposure to the aggressive atmosphere 
(excessive temperatures, precipitation, wind, humidity, radiation, etc.). different issues area unit aesthetics, human comfort 
(acoustics, indoor air quality, glare management, etc.), energy performance, environmental impacts, public safety, 
sturdiness, and property. throughout the past decade, coming up with “green” buildings has received a lot of attention, and 
facades area unit one in all the foremost necessary contributory components in achieving the performance level attributed to 
inexperienced buildings. there's a worldwide want for property development. 
There has been a trend in an office block style to use a lot of inclosing the façade; this usually necessitates strategies of 
mitigating unwanted consequences. These glass facades are unit fascinating to designers as a result of they provide the 
inhabitant views of the surface, and access to natural light, and might be visually appealing. several solutions to mitigating 
the negative aspects provide solutions to single issues and don't seem to be variable enough to manage one issue at a time. 
  Compared to a building with a static shading, daylighting, ventilating or energy generating systems or 
none of those in the slightest degree, the employment of a kinetic facade system can diminish the necessity for external 
energy expenditures by decreasing unwanted star heat gain or loss, increasing use of natural lighting, and generating on-the-
spot energy, whereas conjointly increasing the employment of natural ventilation. 
  Architects are attempting to find a conveyable resolution to the dynamic weather and human wants. They 
pictured commutable buildings that would alter their physical layout, like stadiums with mobile seats and retractile roofs, or 
versatile buildings with full or rotating structures usually stated as kinetic design (Bier & Knight, 2010). Kinetic style 
evolution includes a wealthy history. In 1908, the initial Kinetic style was created with the passing your time. Then, the 
commutable design emerged as a kinetic model. 
It's a challenge facing architects nowadays to form economical buildings. The latest developments in software systems and 
digital production, however, have allowed architects to find new modes of style and new envelope techniques in a shot to 
rectify discipline style issues. 
It is ideally necessary to style and build facades that are unit responsive and interactive to the environmental qualities. As a 
part of the questionable intelligent façades, these façades area unit capable of adjusting their size, shape, orientation, or 
openings to react mechanically to environmental factors like wetness, temperature, wind, etc 
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Impacts of Facades in Building Architecture 
Facades are the face of a building and this part of the building envelope serves several purposes. 
1. Adds Personality & Character: 
The facade of the building is an opportunity to emphasize design. There is a 'n' number of buildings that live in standard 
designs and meet the rules of the building but remain devoid of identity, character, and personality. The Façade can play a 
major role in this as it conveys the uniqueness of a building that discards the destructive effect of a building that lacks 
something special. 
2. Plays A Pivotal Role in Energy Efficiency: 
In addition to being aesthetically pleasing, a façade plays a pivotal role in energy efficiency and linking the outside to the 
interiors of the building. Façade can help in significantly reducing the energy bills. You may think how, well, a façade 
minimizes solar gain, which successively, reduces the cooling a lot of the building which at the top leads to minimal energy 
bills. 
3. Shield Against Natural Elements: 
A Façade protects the occupants from wind and rain and therefore the extremes of temperature and humidity. Façades are 
incredibly popular for its resistance to temperature, weathering, and corrosion, which over many decades may be a valuable 
characteristic. 
4. Ensures Natural Ventilation: 
A façade essentially is the external skin of the building. and therefore the protection provided by the external skin, confirms 
natural ventilation. this is often achieved through various means, like design aspects, cavity skins, and mechanized 
windows. Also, a façade ensures the occupant’s comfort isn’t compromised during harsh climates like wind, rain, and 
snow. 
5. Provides Acoustic Insulation: 
A well-designed façade external skin provides a high degree of acoustical comfort to its occupants as compared to a 
standard building façade. Acoustic comfort in no way compromises the specified ventilation, air exchange, and visual 
reference to the outside. 
6. Offers Comfort and Adds Productivity: 
A successfully designed building façade system empowers the occupants to manage light penetration by several methods, 
like louvers or shading devices. Additionally, to the present, it also allows the regulation of air movement and temperature 
with operable windows, which increases the general building’s comfort levels. When comfort levels peak, better work 
productivity is pretty evident 
7. Provides Extra Security: 
A good façade system provides a relatively unobtrusive method of achieving building security by right planning and 
treating the building openings as against the traditional system of grills and bars. 
8. Adds Life to The Structure: 
Facades are the result of sophisticated technology and advanced manufacturing processes which suggests they're highly 
immune to the outside environment. in comparison to the commonly used exterior paints these can look smudgy, attract dirt 
and mud. Facades are sturdy and weather-resistant, these qualities make them highly durable hence they last for many 
years. additionally thereto with new innovations in materials, ideas, and style, a building façade is constant to unlock 
several opportunities for buildings   
Research Gaps 
•Façade Compositions differ in different climatic regions. 
•Facades differ as per the function of the building. 
•Using the kinetic facades in Commercial buildings to give them a dynamic look and help in making a building sustainable. 
•Comparing the building performance with and without Kinetic facades. 
•Pros and Cons of using Kinetic Facades in Commercial Buildings. 
 
Aim: To compare and analyze the energy performance of a commercial building with and without Kinetic facades. 
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Objectives:  
1. To study different materials used in kinetic facades. 
2. To study the different buildings with kinetic facades. 
3. To study the energy performance of the building with kinetic facades. 
4. To study the energy performance of a building without a kinetic façade. 
5. To determine the differences between the energy performance of buildings with and without kinetic facades. 
Scope:  
1. To determine the effects on the energy efficiency of a building with kinetic facades. 
2. To interpret the use of kinetic facades for inculcating energy efficiency in buildings. 
Limitations:  
1.To study effects on the commercial building typology only. 
Methodology:  
•Primary source of data collection i.e., conducting case study of a normal commercial building. 
•Secondary source of data i.e., Literature case studies and research papers. 
•Comparative Research and Qualitative Research 
Expected research outcome:  
1. Difference of energy efficiency between a Building with and without kinetic facades. 
2. Importance/awareness about kinetic facades will increase. 
3. Increase in the energy efficiency of a building thus reduction in the carbon footprint of the building. 
 
2. Literature Review  
Adaptive facades; Definitions and Technological Evolutions: 
Adaptive façades contain multifunctional highly adaptive systems, where the physical separator between the within and 
exterior environment is during a position to vary its functions, features or behavior over time in response to transient 
performance requirements and boundary conditions, with the aim of improving the overall building performance 
Furthermore, these envelope systems can seize the prospect many to avoid wasting to save lots of lots of energy by adapting 
to prevailing weather, and support comfort levels by immediately responding to occupants’ needs and preferences, In other 
words, adaptability are often understood because the power of a system to deliver intended functionality, considering 
multiple criteria under variable conditions, through the design variables changing their physical values over time. From the 
screening system of the Arab World Institute by Jean Nouvel to the dynamic screenings of Al Bahar Towers by Aedas 
Architects, the new frontiers of innovation in architecture are oriented towards proposing new models of approach during 
which the “building organism” is additionally capable of autonomously ensuring the comfort of its users. during this sense, 
the evolution and dissemination of information Technology Control (ITC) systems (from home automation to Building 
Management Systems (BMS)) to transfer the potential of systems equipped with AI to the building scale, has ensured the 
regulation of space also within the absence of human users and in relation with a whole series of requirements that 
guarantee optimization from the functional and physical perspective of the built space. Therefore, adaptive façades are 
often considered the Alaska of up so far architectural and technological research which is more and more related to the wish 
of designing new dynamic envelope models, which, with the help of sensors, system components for energy production and 
smart materials, contributes towards reducing the building’s energy demand. These are technological solutions that, as 
previously mentioned, are capable of managing energy flows by altering the properties of fixed devices (smart materials) or 
by controlling (manually or automatically) moving parts (e.g. sunshades, windows, ventilation outlets, etc.) in regard to the 
type of user and complexity of the building. This envelope typology is marked by dynamic anisotropy that is the capacity to 
provide different solutions for the varied exposures of the building, where a change within the structure modulates the 
numerous environmental flows according to the climate of the place, including external climatic-environmental conditions. 
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(Figure 1 - Overview of characterization concepts for envelope adaptivity (adapted from Loonen et al, 2015) 
Adaptive façade classification: 
The definition of upper-rank structures within the façade (façade systems) and recognition the lower-rank sub-structures: 
(components and materials) which made up the upper-rank structures. This approach also allowed to review of the sub-
structures separately. during this regard, the database case studies were classified into three main groups, associated with 
the subsequent definitions: 
Material: material is often in several states of refinements like raw, extruded, or coated. Also, materials that are inseparable 
combined, like bi-metals, belong to his category. samples of these sorts of materials are Polymer, biometal, steel, wood, 
phase transition material. 
Component: a component is an assembly of a special set of elements. It forms an entire constructional or functional unit as 
a part of a façade. for instance, we will define as component systems an insulated glass unit but also a framework including 
glazing or a sun-shading device. 
Façade-system: a façade system consists of various transparent or opaque structural or technical components. It fulfills all 
basic technical façade functions like insulation, rain, and wind tightness. samples of façade systems are curtain wall; 
prefabricated module; double-skin façade; ventilated façade, etc.  

 
(Figure 2 - Conceptual diagram of the case study classification) 
 
2.1 Case Studies - Adaptive Façade Materials: 
The Material chapter (and database of a specific material grouping) will assess: 
– Material adaptiveness in response to boundary conditions changes defined by climate, thermal and visual comfort for 
well-being; 
– How materials are often in real-time sync with the pattern changes in their environment as energy, matter connection; 
– The dynamic relationship is achieved through material composite function and material connectivity to putting together 
surface geometry. so as to control the climatic environment and obey rules of minimum energy loss and minimize effective 
power outputs; 
– The energy and matter system of fabric layers, that are nested together to make the general emergent composition; 
– A multi-layering approach at variety of levels of resolution with different spatial and temporal scales; 
– the fabric performative specific tasks which will be classified within the control processing of functional materials, 
achieved by a bottom-up trajectory. 
Materials shifting from a transparent to a translucent state is one among the foremost intensively studied adaptive properties 
of the façade to manage the transmission of light and radiation. this is often driven by radiation impact on a cloth surface 
that adsorbs and transports this thermal energy into internal spaces and thus creates a robust need for avoiding unwanted 
thermal gains and losses. By mainly specifying static quantities like the U-value and therefore the g-value, present building 
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codes still essentially ignore the potential of building skin elements for adaptive performance. That directly influences 
active cooling systems to manage unwanted solar gains fighting internal thermal loads (lighting, equipment, and occupants) 
for thermal comfort. The challenge in materials with a dominant optic role is optimizing the parameters of light 
transmittance with a lower phase change temperature for the reduction in air con demand. the power of current materials to 
interact with the environment by constant readjustment of functional performance is however still undetermined. so as to 
satisfy the demanding Zero Energy Building performance goals, a function of adaptability in materials and their integration 
into component systems is required. 
The most controllable sort of adaptivity are often reached with materials that will be adopted by an ‘extrinsic’ stimulus like 
an electromagnetic field or a pressure change applied to the fabric. Examples are electrochromic glazing, liquid devices, 
and vacuum insulation which will be switched by a controlled change within the gas partial pressure within the insulation 
element. To optimally harness the adaptability of such materials, they have to be integrated into special devices that allow 
the appliance of the corresponding ‘extrinsic’ stimuli. Another class of adaptive materials reacts to an ‘intrinsic’ stimulus, 
i.e. a change of a parameter directly relevant for comfort and energy balance of the building like candlepower , temperature, 
moisture for instance. The characterization of those materials include photochromic glasses, thermo-opaque, or shape-
memory materials. As an intrinsic environmental stimulus is employed to trigger the change in material properties during 
this case, the mixing of the fabric into a building is typically much simpler than for extrinsically stimulated additivity. 
However, the adaptiveness of a facade counting on such material is autonomous and can’t be extrinsically controlled. which 
will cause suboptimal adaptation effects in certain cases (for example, a temperature-induced switching of a facade element 
to a better U-value at an external temperature of 12 °C. this is often highly useful on a cool summer morning, however, this 
switching on a warm winter afternoon is unwanted. Alternatively, adaptive facade components responding to intrinsic 
switching stimuli don't require any connection to active building control systems and thus integration is easier. Hence, 
they're extremely attractive to putting together designers where the aim is aim to extend functionality and performance 
while at an equivalent time reducing energy use for brand spanking new or existing buildings. 
Further examples are presented in later chapters of the book for instance other methods, to understand adaptive facade 
elements without ‘adaptive’ material (e.g. Yale Sculpture facade; SELFIE facade; BIPV/T Systems). In a number of those 
elements, the fabric choice nevertheless is crucial for achieving the specified adaptive functionalities during a given facade 
component. The database illustrates a selective grouping through defining material families and their classification. 
Materials that depend upon a robust deformation cycle of geometry shape change for adaption without the fatigue of failure 
may be a prerequisite for this grouping. Nevertheless, it’s not really the fabric that's adaptive. 
In the following table, representative adaptive material families are classified consistent with a dynamic behavior or 
performance that they're ready to provide as a response to a selected stimulus. (Table 1) 
 

 
(Table 1 - Material families and classification according to their input and output reactions)   
 
2.2 Case studies – Adaptive Façade Components: 
 Following the classification given previously some representative examples are hereafter described, that specialize 
in the façade component application purpose and therefore the different responsive functions. Regarding the appliance 
purpose, the bulk of the case studies are used as solutions/applications for energy efficiency, thermal comfort and visual 
performance. Regarding the responsive functions, for the case of dynamic glazing, optical properties can significantly vary 
both in terms of the amount of light and radiation transmitted. phase transition materials (PCM) are often utilized in 
combination with other elements forming a façade component, as for instance when used with dynamic glazing, the phase 
transition results in noticeable variation within the performance of the system concerning short and longwave heat 
transmission, heat storage, indoor surfaces temperatures, but also the light transmission, visual perception. PCM are often 
also utilized in combination with solar systems 
  Building integrated photovoltaic (BIPV-PCM) contributes to system performance improvement, but also heat 
storage and indoor temperature. 
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Some components analyzed within the context of the database are characterized by one or more of the subsequent 
technological features. 
 Screen or solar shading: Tessellate™ (Hoberman Associates & Buro Happold) and KUMORIgami envisions are 
two samples of adaptive components used as a screen or solar kinetic shading. Tessellate, a modular framed glazed screen 
features a versatile design that will be integrated into existing systems and is totally self-contained, protected by glass on 
either side of the moving metal parts. The modules are controlled by one computer processor, which may be programmed 
for various purposes with various time steps. The system can answer changes in temperature, light levels, and different 
daytime.within the case of KUMORIgami, a multifaceted Origami family stayed at the bottom of a component that takes 
advantage of the fabric combination and responsive actuation to optimize the visual comfort. so as to accommodate a 
variety of situations, the prototype is formed out of translucent and opaque polymers and is activated with Shape Memory 
Alloys springs. KUMORIgami is activated with an influence supply. 
 Energy harvesting: Energy-harvesting components can efficiently capture, accumulate, store, manage this energy 
and provide it during a form that will be wont to perform a helpful task. for instance, the scientific research InDeWaG 
(Industrial Development of Fluid Flow Glazing Systems) has been funded for three-and-a-half-years by the EU within the 
framework of the program HORIZON 2020 with the main target on study a façade component, an insulating glazing unit 
filled up with a water-glycol fluid circulating within one among the IGU cavities. The glass units are developed for both, 
the usage within façades and as interior separation walls. 
 The BIPV Adaptive Flakes (Mazzucchelli & Doniacovo, 2017) is an example of the utilization of photovoltaic 
cells orientated in an intrinsic way, so as to optimize energy production in reference to the outdoor conditions over a year. 
This component can adapt itself passively to external climate without an electrically powered system. 
 Media and communication: Interactive window may be a window with integrated touch capability for function 
control. By detecting different inputs this prototype can start/stop music, change tracks, increase/decrease volume, turn 
lights on/off etc. The interactive window (RISE, Research Institute of Sweden) is provided with an IR frame because the 
touch interface. along side a computing unit and an obsessive software interaction are often customized to specific use cases 
and different function controls. 
 Window antenna (RISE, Research Institute of Sweden) may be a modern insulating glazing units that mixes 
insulating layers with heat reflective coatings to realize high energy efficiency. The metal-based coatings help keep heat 
indoors on cold days and outdoor on warm days. However, these coatings also shield radio waves, causing low indoor 
reception for mobile phones. 
 SolPix LED (Simone Giostra & Partners) is an Energy Generating Solar Shield. Positioned at the convergence of 
technology, design and therefore the environment, SolPix may be a fullscale working prototype demonstrating the power of 
the system to interact with its environs while improving the energy performance of the building. Featuring an outsized scale 
colour LED display and photovoltaic panels integrated into a sun-shading system, SolPix transforms the prevailing glass 
structure into an energy positive skin, harvesting solar power and using it to power the screen, while protecting the 
Conservatory from excessive radiation . The project is predicated on GreenPix (Simone Giostra & Partners), a carbon-
neutral media wall for the Xicui Entertainment Complex in Beijing, near the location of the 2008 Olympics. Featuring one 
among the most important colours LED displays worldwide and therefore the first photovoltaic system integrated into a 
glass curtain wall up China, GreenPix transforms the building envelop into a self-sufficient organic system.   

  
(Fig.3TESSELLATETM, CAMBRIDGE (USA), 2014Hoberman Associates + Buro Happold) 
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2.3 Case studies – Adaptive Façade Systems: 
 The adaptive façade system that has been analyzed within the frame are technological systems that efficiently 
contribute to the energy balance of the building, limiting the necessity to use air-con devices, with the resultant reduction in 
energy consumption. 
 
2.4 Palazzo Lombardia (Italy):  
 The façade consists of an external “skin” (curtain wall) and an indoor “skin” (inter-story height) within the 
stratified glass. The double skin gap is 95,00 cm. This space, accessible for maintenance activities, is provided with a 
floating micro-perforated aluminum floor that regulates the air intake and distribution within the double skin buffer. The 
building has an integrated photovoltaic façade that partly provides for its energy needs. The sun shields layout, also because 
the airflow, are controlled through a supervision system that operates as a response to temperature and natural light sensors 
 
2.5 ARAB WORLD INSTITUTE, Paris (FR), 1987 Atelier Jean Nouvel 
 The building itself may be a sharing of culture with the north façade reflecting the Parisian blocks across the 
River, and therefore the south façade covered within the motorized hexagonal lenses. Their pattern and lightweight 
properties are a regard to mashrabiya, a lattice-work motif found in Arabian architecture that gives shaded light and privacy 
with a view. Consisting of 30000 diaphragms on 1600 elements resting on a stainless-steel, aluminum and glass framework, 
the geometric array may be a compilation of high-tech photosensitive mechanical devices. Using photovoltaic cells, the 
sunshine levels and transparency are often adjusted during a fashion almost like a optical lens by a central computing 
system to permit 10-30% of sunshine in. Although designed in a search of sunshine , reflections, contours and shadows, this 
idea are often applied to solar shading in efforts to scale back cooling loads. 
 The dynamic façade of Al Bahar Towers: conceived as a up to date interpretation of the normal Islamic 
“mashrabiya”: a well-liked sort of wooden lattice screen found in vernacular Islamic architecture and used as a tool for 
achieving privacy while reducing glare and solar gain. Each of the 2 towers comprises over 1.000 transparent umbrella-like 
components that open and shut in response to the sun’s path. These shading devices are controlled via the Building 
Management System, creating an intelligent façade. 
 The project concept is inspired by the normal Islamic object the “Mashrabiya” and motifs to face out with two 
circular towers covered by a honeycomb-inspired structure and its automated dynamic solar screen. 
The “Mashrabiya” maybe a wooden lattice screen found in traditional Islamic architecture and used as a tool for achieving 
privacy and environmental control including natural ventilation, solar control, and glare reduction. The project area is 
56,000 square meters primarily for office use (Bank). 
 The design submitted by architect Abulmajid Karanouh (Aedas) offers two 150-meterhigh circular towers clad 
with curtain wall covered with a kinetic shading system (Figure 1a). The tower floor is open plan office spaces with service 
core. 
 In some floors, the space is split into cellular offices and meeting rooms. Each tower features a two-level basement 
with 24-story office space that has catering, auditoria, prayer rooms, gymnasium, and plant rooms. there's a basement for 
car parking and secure vaults for banking services. 
 The buildings are fully air-conditioned with various back areas related to storage and catering. Finally, the project 
won the 2012 Council on Tall Buildings and concrete Habitat (CTBUH) Innovation Award5. The project concept was 
placed second at the Emporis Skyscraper Award – the world’s premier event for high-rise architecture – for projects 
completed in 2012. 
 The project has been featured on the Chicago-based Council on Tall Buildings and concrete Habitat’s “Innovative 
20” list of buildings that challenge the typology of tall buildings within the 21st century. 
 The dynamic shading system may be a screen comprised of triangulate units like origami umbrellas. The triangular 
units act as individual shading devices that unfold to varied angles in response to the sun’s movement so as to obstruct the 
direct radiation.  
 Each shading device comprises a series of stretched polytetrafluoroethylene (PTFE) panels. When the shading 
device is closed, occupants can still see through from inside to the surface. In total, each tower has 1049 mashrabiya 
shading devices, each weighing about 1.5 tonnes. 
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(Fig.4-Changes in Façade Patterns according to sunlight) 
 The shading screen is computer-controlled to reply to optimal solar and lightweight conditions. The mashrabiya 
shading devices are grouped into sectors and are operated through sun-tracking software that controls the opening and 
shutting sequence consistent with the sun’s angle. 
 Each shading device comprises a series of stretched PTFE panels and is driven by a linear actuator. The actuator is 
liable for opening and shutting once per day supported a pre-programmed sequence to stop direct radiation. 
Under overcast conditions or wind conditions, a series of sensors integrated into the building envelope will send its logged 
signals to the control unit to open all units. 
 This façade wasn't designed keeping sustainability and energy efficiency in mind. But, the utilization of this façade 
also helped the increment of the energy performance of the building by reducing the cooling load and also the utilization of 
artificial lighting at an equivalent time and reducing energy consumption by 27% singlehandedly 

 
(Fig.5- Stretched polytetrafluoroethylene (PTFE) panel used in the kinetic facade) 
 
2.6 On-Site Case Study: ONGC building Mumbai. 
 Buildings are evolving with complexity over a lifetime of decades. Issues concerning the general environmental 
impacts have strengthened the notice of the role buildings play in our good well-being. Continuous efforts are made to 
enhance all aspects of the environmental qualities of buildings (i.e. energy codes, automation & control schemes and 
thermal comfort, etc.), however, an in-depth approach in designing stages of the building is lacking, thanks to which the 
motive of the “green buildings” isn't achieved to its potential. 
 The ONGC Mumbai consists of G + 8 floors and two basements. The proposed building features a conditioned 
area of approximately3, 38,600 sq. ft. The building is being designed by “Architect Hafeez Contractor”. The services of the 
buildings are designed by AECOM MEP. the general window-wall ratio is approximately 48%. 
Many energy conservation methods like lighting controls & systems, double glazed windows, insulation for roofs, chillers 
type, sizing are added to optimize the performance of the proposed building. 
The annual consumption of the building was 2,31,600 kWh 
 If the kinetic facades are to be applied to the building will reduce the general energy consumption of the building 
by 25 to 40% counting on the ambient temperature differences thanks to seasons. 
Ie. Keeping in mind the electricity rates for commercial buildings (Rs.10) Annual bill are often approx.: RS 23,16000. 
Which can be reduced by Rs. 680000 to Rs. 750000. 

3. Conclusions: 

The analyzed adaptive façades demonstrate that architectural research is moving towards innovative solutions that (by 
exploiting the likelihood of integrating IT systems, mechanical actuators, and innovative materials) are able of 
remodeling it from a static element into a dynamic element capable of rapidly and efficiently changing shape in 
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reference to specific functional, static, and physical requirements. this is often the age of media, dynamic, multimedia, 
and smart architecture able of adjusting structure with reference to external environmental stimuli and user requirements. 
The advanced screen, eco-efficient, and sustainable envelope interact and regulate energy flows and, in some cases, 
becomes a plant system, by itself, able of manufacturing energy, heat, or electricity, and of distributing it at a building or 
maybe an urban scale. Moving forward and adopting new technology is a crucial step to be taken in our country because 
the goal for our country is to be one among the near-zero energy countries in the coming future. As early there's an 
adaption of latest technologies, the faster we move towards our goal. 
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