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Abstract:The evolution of building envelopes from opaque structures to transparent façades 

of metal and glass transformed architectural style with the modern movement, but also induced

various negative environmental impacts. The latter building envelopes, though celebrated fo

their aesthetics, daylighting, and views, also contribute significantly to building operational 

energy use, as well as embodied energy content. To address these impacts, there has been an 

emergence of emphasis on energy-efficient measures through high-performance building skins 

of which shading design presents itself as an important component. In recent years, these have 

begun to be reused as an effective passive strategy to enhance envelope performance, while 

allowing effective daylighting and views, by means of efficient solar control. 
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This paper thus traces the historical development of building envelopes, from the steel-and-

glass archetypes to high-performance façades with intelligent shading systems. It highlights 

initiatives, such as the ‘Universal’shading device from the School of Planning & Architecture 

(SPA), New Delhi, Design Innovation Centre, that demonstrates a “modular, affordable, sus-

tainable, and creative” shading system that can suit varied climatic contexts, building orienta-

tions, opening sizes, and fenestration typologies. Through a discussion of such adaptive design

potentials, this study points to the emergence of a new sustainable architectural style. 
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1. Background 

           

              

            

             

              

             

            

     

Over time, buildings have evolved from being opaque enclosures of earthy materi-

als to being enveloped in transparent façades of metal and glass. This evolution has 

been driven by a combination of factors, including needs for increased durability and

strength, to meet demands of higher densities, and thereby taller buildings, to the de-

velopment of new materials to meet these needs, and a consistent desire for newer 

global expressions, as well as a persistent inclination for greater connects with nature. 

In this process, however, we have without realizing, ended up with greater environ-

ment impacts. 

  

              

            

         

                  

Today, a significant portion of the energy use in buildings is attributable to loads 

due to the building envelope. Studies estimate a contribution of between 30-60% (in-

cluding [1]), despite recommendations, and sometimes regulations limiting Window 

Wall Ratios (WWR) to 40%, or maximum 60%, in energy codes [2]. To mitigate 
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these effects, the International Energy Agency‘s (IEA) Annex 44 report highlights the 
importance of integrating environmentally responsive elements into the building skin 
[3]. high-performance envelopes with features like intelligent shading systems can 
contribute in a passive way to lower operational costs as well as embodied energy 
while meeting needs for maximized and even improved, daylight and views. Shading 
devices can be crucial elements in this high-performance architecture. Well-designed 
shading can reduce heat gains and cooling loads (often by 5–15% annually) (Whole 
Building Design Guide [4], while improving daylight by blocking direct sunlight and 
diffusing sky light, reducing glare and enhancing visual comfort. Shading devices can 
also add to building aesthetics. Correct shading design can be determined using sun-
path analysis, for optimal sizes, placement and projections. 

            
          

       
      

         
     

This paper traces the development of the building envelope from its take on as 
modern metal and glass building to the renewed use of shading devices as climate-
responsive features in contemporary sustainable buildings and further their potential 
as elements of reactive adaptive façades, commenting specifically on new develop-
ments in design and materiality, through a focus on studies by the authors and devel-
opment of an adaptable shading device by them. 

2. Building Envelopes 
       

       
          

           
          

          
    

        
      

         
       
          

       
        

        
   

New concepts in façade expression emerged in the early 20th century, such as 
Mies van der Rohe’s ‘skin-and-bones’ [5] architecture. Mies proposed structural ske-
letons of steel such that the building’s exterior walls were freed of load-bearing du-
ties. This idea laid the groundwork for enabling large areas of clear glass, an Interna-
tional Style [5] , characterized by sleek, rectilinear buildings, exemplified by projects 
like the Farnsworth House (1951, Illinois) and the Seagram Building (1958, New 
York, with Philip Johnson), which epitomized his steel-and-glass International Style. 
In this context, a landmark example is the Inland Steel Building in Chicago (com-
pleted 1958), a 19-story office tower sheathed in tinted glass and brushed stainless 
steel (SS) [6], took ahead Mies’s open-plan, column-free interior to reflect the con-
cept of a “universal space”, made possible by relocating further the SS sheathed struc-
tural carbon steel columns to the perimeter. In Inland Steel, the firm of Skidmore, 
Owings & Merrill (SOM), expressed the ideals of lightness, refinement, and indu-
strialness. Such developments, thereby, ushered an era of not only steel and glass 
façades, but functional building envelopes, establishing a new paradigm for the archi-
tecture of this period. 

          
        
          

          
         
          

         
    

This technic of steel and glass was epitomized by examples of John Hancock Cen-
ter (now 875 North Michigan Avenue), Chicago (1970) with expressed X-braced steel 
structure with dark glass curtain wall [7], the Willis (Sears) Tower, Chicago (1973) a 
mega-tube steel structure [8], and more recently Foster + Partners’ Commerzbank 
Tower, Frankfurt (1997) with its hybrid stainless steel and glass façade [9], Hears
Tower, New York (2006) with a stainless steel dia-grid structure[10] and the SOM 
Burj Khalifa, Dubai (2010) clad in reflective glass with stainless steel spandrel panels 
and vertical stainless fins emphasizing its soaring form [11]. 

 t 
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Consequent to proliferation of glass façades, the energy crisis of the 1970s gener-
ated a renewed interest in climate-responsive design, with architects such as the Hun-
garian-American brothers Victor and Aladar Olgyay propagating theories of biocli-
matic design in the 1950s. In his seminal book ‘Design with Climate’ (1963)[12], 
Olgyay advocated leveraging nature’s energies—solar radiation, wind, daylight—as 
design determinants, using techniques like orientation, sun-shading, and cross-
ventilation to achieve comfort with minimal mechanical energy. Otto Koenigsberger, 
working in tropical climates (notably India in the 1940s–50s), was a notable figure 
who furthered the study of solar passive architecture and solar shading design for 
buildings [13]. This legacy is evident today in the ubiquitous use of shading analysis 
tools, sun-angle diagrams, and climate data in early design phases. 

  Vernacular Approaches 

        
       

      
        

        
          

  

Long before modern analytics, however, vernacular architecture evolved façade 
responses tailored to the varied climates. In India in hot-dry deserts such as Rajasthan, 
traditional buildings minimized solar gain and maximized cooling through envelope 
characteristics and materials. The medieval havelis of Jaisalmer are renowned for 
their thick sandstone walls and intricate stone lattice jaali screens over windows and 
balconies (often in the form of overhanging jharokha bays), to filter harsh sunlight 
while permitting airflow [14]. 
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Fig 1. Traditional façade of haveli in Jai-
salmer, Rajasthan, India, with jharokhas 
and jaalis as shading elements 

      
      

  

Fig 2. Vernacular shading elements on win-
dows and roof of a building in Coorg, Kar-
nataka, India 

           
        

           
        

          
          

          
           

            
     

Many of these ideas found modern expression in the works of Raj Rewal (Gas Au-
thority of India Ltd. building), Joseph Allen Stein (Triveni Kala Sangam, India Inter-
national Centre) and later those of Dr. Arvind Krishan (Sardar Swaran Singh National 
Institute of Renewable Energy), and Ashok Lall (Development Alternatives and IR-
RADe buildings), and Sanjay Prakash (IIT Jodhpur) etc. In warm-humid regions like 
coastal South India, vernacular homes employ wide verandahs and sloped roofs effec-
tively buffer the interiors from equatorial sun and monsoon showers. Across these 
diverse regions, a common thread is the use of natural environmentally sourced mate-
rials: sandstone jaalis in the desert, woven bamboo screens in the Northeast, earthen 
walls with straw insulation in Ladakh. 

  Modern Developments 

          
           

           
         
         

           
             

           

As glass-walled modernism spread to tropical and subtropical zones in the mid-
20th century, Le Corbusier developed the brise-soleil (“sun breaker”) or permanent 
external sun-shading device to cut the harsh tropical sun. The concept was simple yet 
profound: by intercepting direct sun with an external screen, one could enjoy daylight 
and views through glass curtain walls without suffering solar overheating. His early 
explorations in colonial Africa and South America led to the first brise-soleil systems. 
Notably, Le Corbusier’s design for the Ministry of Education and Health building in 
Rio de Janeiro (1936–43) featured an array of adjustable exterior sun-shades covering 
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the full height of the glass façade [15]. After World War II, brise-soleil became a 
hallmark of Corbusier’s work – from the concrete egg-crate shading on the Chandi-
garh Assembly building (1950s) to the bold sun-breakers on the Unité d’Habitation in 
Marseille. The idea quickly spread globally as an essential strategy in bioclimatic 
modernism inspiring countless creative variations from perforated panels to elaborate 
patterned screens on glass façades [16]. In India, the post-independence architecture, 
characterized by the work of the CPWD, exhibited various concrete louvered screens 
developing a typical style. 

          
         

        
          

         
          
        

     
         

   

By the late 20th century, shading strategies experimented further with the double-
skin façade. Pioneered in Europe, double-skin façades consist of two layers of glazing 
separated by an air cavity, in which operable shading devices are often integrated 
protecting them from weather. Many designs include accessible catwalks in the cavi-
ty for maintenance of the blinds and cleaning of glass. By modulating solar gain and 
facilitating natural ventilation via the cavity, such systems can seek to reduce cooling 
loads. Light shelves – horizontal reflecting ledges at window height – are often incor-
porated to bounce daylight deeper into rooms while also shading the lower portion of 
the glass; these were used, for example, as translucent external canopies in the Cam-
bridge project [17]. 

        
 

Fig 3. Moveable shading screen design for house in Delhi NCR authors (view from inside 
the house) 



From Steel and Glass Envelopes to Sustainable façades: … 199 

Fig 4. Moveable shadingg screen design for house in Delhi NCR by authors (view from ouut-
side the house) 

The evolution from simple brise-soleil to sophisticated double-skin façades reflects 
a trajectory towards increasingly adaptive building envelopes. Whereas Corbusier’s 
brise-soleil were fixed concrete brows optimized for a particular sun angle, modern 
façades might feature computer-controlled louvers that respond in real time to ssun 
position, or even dynamic materials that change transparency. The result is an envi-
ronmentally tuned architecture where the façade itself becomes a climate moderator, 
not just an aesthetic surface. 

Contemporary façades 

Contemporary façades thereby increasingly represent a responsive approach to 
shading—dynamic systems that adapt through automated, climate-sensing geometries 
or occupant-controlled operability. 

The Institut du Monde Arabe, Paris (Jean Nouvel, 1987) pioneered reactive façades 
with stainless steel camera-lens–like diaphragms that modulate daylight. This trajec-
tory advanced with the Al Bahr Towers, Abu Dhabi [18], whose kinetic mashrabiya 
lattice of over 2,000 PTFE-coated mesh fabric triangular panels on fibre glass frames, 
fixed to steel supports, forms a second skin that automatically opens and closess in 
response to solar angles and intensity, reducing the radiation exposure and thereby 
heat gain by up to 50% and cutting overall energy use by ~20%. 

Similarly, but more simply, the Kiefer Technic Showroom, Austria [19] features a 
‘folding’ façade of 112 perforated motorized aluminium shutters that open and close 
according to requirements. Further innovations include the One Ocean Pavilion, Yeo-
su Expo (SOMA, 2012)[20], with origami-inspired kinetic panels; and The Shed, 
New York (DS+R, 2019)[21], whose telescopic shell expands and contracts for flexi-
ble climate control. In India the CMC (Computer Maintenance Corporation) Building 
in Mumbai (1992) by Dr. Vinod Gupta is an important early Indian example of a met-
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al-and-glass façade with sandwich glass panels that incorporate automated blinds 
[22]. 

           
     

These diverse strategies highlight a shift: façades are no longer static skins but dy-
namic interfaces that respond like living systems to sun, sky, and occupants. 

         
          
     

          
         

           
       

        
    

        
 

Other projects reinforce the breadth of strategies. The Institut du Monde Arabe’s 
successor in spirit, the KAPSARC Research Center, Riyadh (Zaha Hadid Architects, 
2017)[23], integrates honeycomb-inspired skylights with geometric shading. The Oa-
sia Hotel Downtown, Singapore (WOHA, 2016)[24] combines a living green façade 
with integrated shading to reduce cooling loads. The Arab World Institute extension 
in Doha (Ateliers Jean Nouvel, 2014) [25] adapted the diaphragm principle to a desert 
climate context. The Bahrain World Trade Center (Atkins, 2008) [26] demonstrates 
integration of shading with renewable energy, pairing aerodynamic twin towers with 
wind turbines and optimized solar control. The Eskenazi Hospital, Indianapolis 
(2013) includes dynamic sunshades that track solar angles to maximize daylight while 
minimizing glare [27] 

        
      

        
   

Researchers are now extending this paradigm with experimental kinetic materials 
and actuator-driven devices. Doris Kim Sung’s Bloom (2012)[28], for instance, ex-
plores bi-metal surfaces that curl open and close passively with temperature change— 
hinting at future self-regulating, climate-adaptive building skins. 

      
          
          
          

    

Beyond performance, shading systems thereby often become an architectural asset, 
adding texture and identity to designs. Overhang or fin modules, or screen designs 
can be crafted artistically to enhance the façade’s appearance. In summary, sun-
control devices combine form and function: they are functional ornaments that im-
prove performance while enriching architectural style. 

3. Technology and Materials 
           

        
       

   

Shading devices can be constructed from a variety of materials. The choice of materi-
al influences the effectiveness of the shading (e.g. reflective component, daylight 
transparency, and heat retention). Besides, implications are for structural perfor-
mance, aesthetics, durability, maintenance, cost, and environmental footprint. 

 Metals 

         
     

Metals are prevalent in modern shading systems due to their high strength, durabil-
ity, and longevity. Metals generally allow slender, high-precision shading elements. 

          
         

        
        

      

Steel provides robust structural capacity – useful for large spanning louvers or ca-
nopy frames. However, carbon steel must be protected against rust (via galvanizing, 
zinc/aluminium coatings, or with paint) for exterior use. A special class is stainless 
steel, discussed in detail in the next sections, which offers superior corrosion resis-
tance at a higher material cost. Stainless steel fasteners are commonly used. 



From Steel and Glass Envelopes to Sustainable façades: … 201 

         
        

        
     

Aluminiumis a popular alternative because it is lightweight (about one-third the 
density of steel) and naturally corrosion-resistance (aluminium forms a protective 
oxide layer). However, aluminium has a very high embodied energy, although its lon-
gevity and recyclability can offset some impacts. 

Wood 

           
         

            
         

      
     

Wood is a traditional material for shading elements, seen in – the carved timber 
screens to simple timber slat shades on modern buildings. Wood has the advantages 
of being renewable and having an aesthetic that can blend with nature. It is also a 
good insulator, not storing or conducting heat into the building. Some engineered 
wood products (like laminated bamboo, glulam, or thermally modified wood) im-
prove stability outdoors. 

 Concrete and Ceramics 

            
       

        
  

Concrete shading fins or grills have high thermal mass, which means they heat up 
slowly and can buffer solar heat (sometimes re-radiating it out later). Newer ceramic 
products (e.g. terracotta baguette louvers or hollow clay blocks) are also used in 
façades often on metal frameworks. 

Fabrics 

           
       

      
      

         
 

Flexible materials like fabrics are used in shading primarily as awnings, canopies, or 
tensioned membrane structures, including canvas or reed mats. Modern versions use 
synthetic textiles (PVC-coated polyester, PTFE-coated fiberglass, high-density polye-
thylene mesh, etc.) However, their lifespan is shorter – typically on the order of 10– 
20 years before they might need replacement (UV exposure gradually breaks down 
polymers. 

Glass 

          
            

         

Glass itself can be used in shading in innovative ways – fritted or patterned glass pa-
nels can act as fixed sunshades that also admit some light. Some double-skin façades 
incorporate external glass louvers with reflective coatings that angle away solar rays. 

 Others 

        
            

   

Translucent polycarbonate panels are sometimes used as shading screens or roof 
shades (they let light through, but diffuse it and cut UV). We also now see photovol-
taic (PV) panels doubling as shading devices. 

 4. Embodied Carbon 
       

        
        

     

          

When evaluating façade and shading systems, it is vital to consider embodied car-
bon – the total greenhouse gas emissions associated with producing and transporting 
the materials. Metals generally have high embodied carbon due to energy-intensive 
extraction and smelting. For example, producing virgin aluminium (common in cur-

tain wall mullions and sunshade fins) emits roughly 11.5 kg CO₂per kilogram of alu-
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minium [29]. Stainless steel, an alloy often used in high-end screens or brackets, has 
about 6 kg CO₂per kg [30]. In contrast, mild steel (carbon steel) is around 1.7–2.7 kg 

CO₂/kg [29], significantly lower than stainless or aluminium, partly because steel 
production often uses some recycled scrap. Concrete, frequently used in façade panels 
or brise-soleil structures, has a lower emissions intensity per kilogram – on the order 
of 0.1 kg CO₂/kg for normal concrete [29] but can add up in denser concrete. Timber 

and wood-based materials have the lowest embodied carbon among major façade ma-

terials – on the order of 0.2–0.6 kg CO₂/kg (not counting biogenic carbon storage) 
[29]. Plastics and polymers vary widely. Ethylene tetrafluoroethylene (ETFE), used in 
some shading membranes, is a lightweight plastic with moderate embodied carbon 

(around ~3 kg CO₂/kg) [29]; however, the specialized production of fluoropolymers 
has environmental concerns (persistency in the environment) [29]. Simpler plastics 
like PVC have about 2.5 kg CO₂/kg but are less favored now due to toxicity and du-

rability issues [29]. 

     
     

          
       

       
           

       
   

This has led designers toward exploring low-carbon materials for façades: for in-
stance, using laminated bamboo or FSC-certified wood. Some experimental façades 
use biocomposites or bio-polymers (e.g. panels made from agricultural waste or my-
celium) to further cut embodied emissions. By reducing the embodied carbon of shad-
ing systems (and ensuring their longevity), architects can significantly lower the life-
cycle footprint of buildings. Stainless steel, as it is very resistant to degradation, has 
high re-usability, and recyclability, offers a very competitive option that can offset 
much of its virgin environmental impacts. 

. 

 5. The ‘Universal Shade’ 
            

         
         

         
       

          
          

      
       

This paper describes the development of the ‘Universal Shade’ at the School of 
Planning and Architecture (SPA) in New Delhi under the Design Innovation Centre, 
founded by the Ministry of Human Resource Development, Govt. of India. This 
project explores the development of an adaptive shading system creating a modular, 
affordable sustainable, and creative (M.A.S.C.) shading device – essentially a univer-
sal kit-of-parts for shading that designers or even end-users can easily deploy on dif-
ferent façades. The motivation for ‘Universal’ Shade arises from the need for an af-
fordable, easily replicable shading solution in India’s composite climate, which 
ranges from very hot periods to cool periods. 

 Development Methodology 

            
         

         
       

      

The uniqueness of the product lies in the ‘UNIVERSAL’ quality. The device can 
be adapted to differing climate zones, façade orientations, window sizes, building 
typologies in a modular system with standardized elements, that can be mass pro-
duced and assembled in varying configurations as required and thus adapted. The 
proposal has drawn from both high-tech and low-tech strategies. 
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The device comprises horizontal panels to obstruct sun-rays from high angle sun; 
two sets of vertical panels opposite each other on either side to obstruct lateral sun-
rays. The pre-calibrated specification is designed to adjust per particular solar geome-
tries of different orientations and climates catering to solutions fitting individual re-
quirements. 

       
          

           
         

        
          

         
        

           
        

         
       

        
          
       

  

The comfort limits were defined using environmental data on psychrometric charts. 
These were then transferred to the respective sun path diagrams. The shadow angle 
protractor was used on the overlay of comfort limit isopleths on the solar charts and 
horizontal and vertical shading angles worked out for appropriate shading of windows 
in the location. The comfort limits are confirmed by simulated theoretical basis using 
state of the art energy analysis computational software. According to these limits an 
engineered boundary of sun rays was created segregating the hours of discomfort and 
comfort (shaded or not to be shaded) in the year. Given process can be used for com-
puted solar fan or reverse ray method from the sun, for different cities. The shadow 
mask thus demarcated gave reference to the horizontal and vertical shadow angles 
which were then used to determine the vertical and horizontal depth requirements of a 
shading obstruction for different sizes of building openings. The derived shading form 
was then formulated into a device prototype. The different arrangements of the proto-
type were further matched with engineered boundary to arrive at the final application. 
This was finally cross checked for performance for different building use typologies 
to recommend effectiveness. 

 . 

 Product Specifications 

         
           

            
         

       
       

         
    

The product takes the shape of a fixed frame, made of pivoted together metal sec-
tions, to be mounted on the outside of windows or other such building openings. The 
shading elements are the series of vertical and horizontal panels that infill within the 
frame. These panel louvers can be connected to the frame through roll-
er/sliding/flexible/moveable joints or their combination that can run within attached 
channels and can be retracted or extended as required. This is pre-designed for each 
situation meant to be ordered in typical pre-set sections and installed as per the ma-
nual guidelines, along with recommendations for further weather adjustments. 

          
         

          
             

             
           

          
         

              
                

  

Adjustments may be required during cloudy periods when the top panels may be 
desired to be moved back, or during morning or evening when the side panels oppo-
site to the sun may also be moved back for better daylight. The above will be applica-
ble in South or North facing installations, that may face high angle sun. The device 
additionally also incorporates a sideways movement of the entire frame on the hinge 
joints such that the sun from the front gets shaded, when so required. This is mostly 
applicable diurnally on East and West facing installations that face low angle solar 
rays. The forward backward roller and/or moveable joint movement for the panels is 
possible by an actuator that can enable pushing as well as pulling feature on the side 
corners, while the right left pivot joint movement of the frame can be achieved by a 
manual bar moveable sideways in the center bottom. 
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The shading device can additionally include a control unit, if required, operatively 
coupled with rotary devices that move the panels. The control unit can include a 
memory unit or computing device, which can store instructions to enable automatic 
adjustment of the shading device as per pre-defined/calibrated/configured standards. 

    Fig 5. Perspective view of shading device 

             
  

Fig. 5 illustrates a view of the adjustable shading device with the vertical panel 
and horizontal panel in extended position 

        
        

   

The panels can be made of materials such as PVC, Recycled plastic, Bio-plastic 
and the like, with similar sustainable properties, that can provide obstruction to pas-
sage of direct sunrays. 

         
        

The frame to support the device can be made of material such as steel, stainless 
steel, aluminium or any such material that can provide strength to support the device. 

          Fig 6. Section of Joint A for upper panels and Joint C connection with the frame 

         
         
      

Fig. 6. illustrates representations of detailed sections of the joints. The horizontal 
panels can be slid through rollers/ tubes/ sliders coupled with channels, fixed onto the 
frame to enable extension and retraction. 

           
           

As shading devices also embody significant design value the product also incorpo-
rates the ability to employ creative variations to any of its elements. 
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Fig 7. Partly retracted panels Fig 8. Panels completely retracted 

Fig 9. Frame tilted 

           
          

            
           

              
          

In Fig 7. the vertical panels partially retracted with the help of bottom channel; this 
would allow more view while maintaining the optimal shading for the particular 
orientation. In Fig 8. the device with the vertical panels and the horizontal panels 
completely retracted position, to let in the natural light whenever required. While in 
Fig 9. the device with the horizontal panels and the vertical panels is with turned 
frame, to take care of the harsh direct rays from east and west, in a place like Delhi. 
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     Fig 10. An array created to shade 

          
            

Fig 10. illustrates an example for windows or openings that are adjacent to one 
another. The device can be coupled to the adjacent device as displayed to form an 
array. 

  Discussion of applications 

          
          

    

Shading devices can, thus, evolve from being static elements on the building 
façade to sophisticated systems that can adapt to the shading demands of any build-
ing, existing or to be built. 

            
         

       
       

The presented product offers a modular setup option that embodies a selection of 
prefabricated components which can be applied or omitted in various ways based on 
variations of climatic conditions, solar geometry, window sizes, building types, o
opening orientations, in a user-friendly way (Fig.11). 

 r 
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   Fig 11.Perspective view of the prototype in optimal position 

        
         
           

         

The device can respond to any given solar geometry through its modular elements, 
giving a much better coverage and seasonal control compared to convention (Fig.12) 
affecting up to 5-10% savings in energy loads in the Indian context for residential and 
office buildings (as per energy simulation analysis by the authors on typical designs). 
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Fig 12. Images indicating 
tiona 

 the effectiveness of given device (latter) compared with conve 
l shades as per Indian bye-laws (former). 

ven-

The given device, thereby, contributes towards a sustainable architecture by not 
only contributing to the energy efficiency of the building, but also encompasses the 
ability to incorporate local eco-friendly materials. Moreover feasibility of the device 
with indigenous manufactured can reduce transportation emissions and boost regional 
economies. 

 6. Further Explorations 
Origami-based designs offer the potential for lightweight, collapsible structures 

that can change configuration easily, making them ideal for adaptive façades. In re-
cent initiative as part of tthe SA:CE conference, the researchers explored prototypes 
that draw from traditional paper folding patterns. Steel sheet is used as a durable ma-
terial capable of bearing strong static folds experimented using the Jindal steel fabri-
cation system. 



From Steel and Glass Envelopes to Sustainable façades: … 209 

       
   

Fig 13. Origami renders & fabrication of shade in stainless steel sheets with same shadow 
mask (credit: Ar. Santrupthy Das). 

        
         

        
      

           
           
        

      
       

      

For example, one exploration uses the ‘Miura-Ori’ pattern (a repeating fold of pa-
rallelograms that allows a flat sheet to expand and contract) (Fig. 13)[32] as a basis 
for a kinetic screen that can fan open or compress nearly flat. Masera et al.(2018) 
31analyzed 200 origami geometries, evaluating their performance through simula-
tions. The three-dimensional folds of origami create interplays of light and shadow, 
and have the advantage of achieving large movement with small gestures. We are 
beginning to see origami-inspired façades in practice: for instance, Temenos, by Stu-
dio Lotus [33], is a commercial building in Delhi. The façade is inspired by origami, a 
double-skin of folded perforated aluminium panels. The perforations have been cali-
brated to cut-out solar glare and dampen external noise. 
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7. Conclusions 
      

          
       
        

           
        

        

The study demonstrates that the expression of building façades has moved from
static steel and glass enclosures to dynamic systems capable of responding to achieve 
sun shading, daylight control, and aesthetic articulation. While the former celebrated 
transparency and lightness, they also intensified dependence on energy-intensive 
cooling systems. The emergence of the latter fixed or responsive façade system with 
integrated and intelligent shading offers a much-needed counterbalance, reducing 
cooling loads, enhancing daylight quality, and extending occupant comfort. 

  

         
       

          
           

         
          

        
        

At present shading design for building openings is largely governed by standar-
dized recommendations and codes and limited attention is given to design with refer-
ence to specific solar geometry in different locations. The products available in the 
market, locally manufactured or imported from abroad, are also therefore limited in 
their ability to cater to adjustments for different climatic requirements and sun orien-
tations. Most of these are either in the form of horizontal awnings or vertical louvers 
and these cannot combine both or change to both and further the appropriate coverage 
to be given with these for precise control is not integral in the products themselves.  

        
          
           

      
     

With energy efficiency codes for buildings becoming more stringent, and more de-
fined recommendations being stated for the shading of building fenestration, there is a 
need in the market for a product that is pre-calibrated to offer a user-friendly solution
for varying requirements of buildings in different climate zones, and building orienta-
tions, as well as different building typologies, and building openings. 

  

            
        

       
        
    

         
       

          
 

An adaptable shading device that can be integrated with any window or opening in 
a building is presented in this paper. The device controls the amount of solar radiation
allowed to pass into the building thus moderating thermal comfort and balancing the 
need for adequate daylight and views. The material discussion highlights that when
designing such devices, the embodied carbon, along with recyclability and durability
of the materials used, as representative sustainability indicators, must be weighed
alongside their operational efficiency. The product aims to provide this solution fo
all buildings through a design that is modular and affordable while being sustainable 
and creative. 

  

  
  
  
 r 
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