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Abstract: This paper presents an approach to adaptive shading by combining origami tessellation 

principles with traditional Romanian geometric motifs. The resulting kinetic façade concept is not only a 

functional device for regulating daylight and solar radiation but also a cultural reinterpretation that 

enriches architectural expression. Beyond aesthetic value, the system demonstrates improved thermal 

resistance and significant potential to reduce cooling energy demand in warm seasons, thereby enhancing 

occupant comfort. The originality of the contribution lies in bridging vernacular cultural references with 

contemporary parametric design tools and dynamic façade technologies. The study further underlines the 

necessity of interdisciplinary collaboration and digital integration as essential pathways toward 

innovative, context-sensitive solutions for sustainable architecture. 
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1. INTRODUCTION  

 

In the current conditions in which energy 

consumption and the production of greenhouse gases 

must be controlled and systematically reduced, the field 

of construction represents an important pawn, being 

responsible for about 40% of global energy consumption. 

On the other hand, their limitation must not affect the 

occupants’ comfort and their well-being status. 

The building envelope plays a crucial role in reducing 

energy consumption and separates a building from the 

external environment. It is generally composed of 

structural construction elements and mobile elements 

such as doors and windows. The building envelope 

serves multiple purposes, including thermal insulation of 

the building, ensuring appropriate indoor air humidity, 

protection against wind and weather conditions, 

soundproofing, fire protection, natural lighting, and, last 

but not least, giving personality to a building through the 

choice of visually appealing design solutions [1]. 

In the distant past, house construction relied on 

materials found in nature nearby or materials produced 

within households - such as wood, natural stone, and 

adobe. However, with technological advancements, the 

development of chemistry and industrialization, materials 

with superior properties were discovered, better aligned 

with the needs and requirements of society. Thus, 

materials such as concrete, ceramics (e.g., bricks 

produced using various firing methods), glass, steel, 

plastics, composite materials, and various paints and 

plasters were developed and used, either individually or 

in combinations, in the construction of building 

envelopes [2]. 

Building envelopes were traditionally considered 

static elements of buildings, albeit equipped with mobile 

components. Ensuring comfort required special attention 

and the active involvement of occupants. Thus, in the last 

decades of the 20th century and more intensively at the 

beginning of the 21st century, a new approach to facades 

emerged, namely the so-called adaptive facades, also 

referred to as responsive or dynamic facades [2]. 

This concept involves the ability of building 

envelopes to modify their shape and functions in 

response to external environmental fluctuations, such as 

seasonal changes or the time of day. This can be 

achieved by incorporating spaces or layers equipped with 

systems that regulate airflow, ensure air circulation, 

provide shading, or adjust natural lighting. These systems 

enable automatic monitoring and adjustment based on 

external conditions and microclimate requirements. 

Additionally, photovoltaic systems can also be integrated 

into these facades. A subcategory of this concept are 

kinetic facades, which are equipped with mechanical 

systems that allow the shape to change depending on 

external conditions. 

The design of adaptive façades, fully consistent with 

current energy policies, demands multidisciplinary 

collaboration, bringing together architects and engineers 

from diverse fields to address the wide range of 

challenges in an integrated manner. While the theoretical 

framework for such façades has been established for 

some time, large-scale implementation is relatively 

recent, as demonstrated by several landmark projects 

such as the Al Bahr Towers in Abu Dhabi (2012–), 

Council House CH2 in Melbourne (2004–2006), and the 

Q1 Headquarters Building in Essen (2004–2010), [3]. 

Building on these pioneering examples, a recent 

comprehensive review highlights the evolution of 

adaptive façade research and practice from 1985 to 2024, 

with particular emphasis on solar-control strategies and 

kinetic prototypes directly relevant to the shading system 

proposed in this study [4]. 

  

2. CASE STUDY 

 

The approach of a building's performance from all the 

perspectives previously mentioned would require large 

design teams and complex multicriteria analyses, as 

certain measures can enhance the performance of some 

parameters but may be less beneficial for others. 

Thus, in this paper, the authors aim to analyse an 

office building in Cluj-Napoca, Romania, which was 
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recently designed and constructed, and to contribute to 

improving its building envelope from two perspectives: 

• Aesthetic: applying an additional layer over the 

curtain wall of the envelope, which will also implicitly 

enhance the building's energy performance. 

• Thermal performance: conducting a study to improve 

the thermal performance of the newly created structure 

by reducing heating and cooling demand and ensuring 

optimized visual comfort. 

 

2.1 Building Presentation  

The building analyzed for the implementation of the 

shading system is Novis Plaza, an office complex located 

on Tăietura Turcului Street, in the Tetarom I industrial 

park. It was designed by Citia Design Office from Cluj-

Napoca, Romania, and was recently completed – see 

Figure 1.  

 

 
 
Figure 1 Novis Plaza office building, Cluj-Napoca, Romania. 

 

The complex consists of two buildings: the building 

that has white horizontal lines, with a surface area of 

over 7,879 m2 of commercial and office spaces, and the 

building body developed in height with integral glazed 

facades, with 6,292 m2 dedicated to offices and a 

conference hall with a capacity of 500 seats, Figure 1. 

The author’s proposal to improve energy performance 

involves covering the facades of the tallest building with 

shading panels. In Figure 2, the detailed site plan shows 

the orientation of the complex and its location in the 

proximity of Ethnographic Museum of Transylvania 

"Romulus Vuia," Cluj-Napoca, founded in 1922. 

The museum is representative of the folk culture 

heritage of Transylvania and plays an important role in 

showcasing the stages of the evolution of traditional 

wooden architecture, as well as the types of households 

from early 20th-century Transylvania [5]. 

 

 
 

Figure 2 The situation plan of the Novis Plaza office building, 

(program used Archicad). 

 

Throughout Romanian folk culture, from ancient 

times, geometric ornamental motifs have been present in 

architecture, decorative objects, and even in clothing. 

Some of the most spectacular examples are found in 

traditional folk costumes, carrying significant meanings. 

The Romanian “ia” (blouse) has been an element to be 

appreciated and admired not only in the country but also 

abroad. The French painter Henri Matisse paints in 1940 

"La blouse roumaine", inspired by the collection of “ia” 

received from the Romanian painter Theodor Palladi. 

These patterns are distinguished by a unique and striking 

composition, usually featuring a geometric design 

characterized by symmetry, as shown in Figure 3. 

 

 
 

Figure 3 Traditional Romanian geometric ornaments, (program 

used Archicad). 

 

2.2 Defining the Design of Adaptive Façade. 

Geometric exploration   

In recent years, due to climate changes, the field of 

responsive facades has been increasingly explored to 

enable buildings to adapt their facades to external 

temperature variations and the intensity of solar 

radiation. 

As a source of inspiration for creating the shading 

system, two directions were explored: on the one hand, 

the concept of traditional Romanian folk motifs, due to 

the proximity of the studied building to the museum, and 

on the other hand, the folding technique from Origami 

art, which allows for the creation of a wide variety of 

geometric shapes. The final goal was to design a flat 

structure based on a module interconnected with 

neighbouring modules, so as to generate a spatial lattice. 

Starting from the traditional Romanian geometric motif, 

using Rhino 7 software, the square was used as the basic 

geometric figure. The square is considered, as we know, 

one of the most perfect flat geometric shapes, 

symbolizing stability and balance, and it retains its 

geometric and aesthetic qualities regardless of its 

orientation, position, or dimensions. The square can be 

harmoniously decomposed according to its symmetrical 

structure or its rectilinear generative structure. 

Starting from the square and its interconnection with 

neighbouring areas in a lattice, the use of tessellations 

was chosen. Surface tessellation is defined in simple 

terms as covering a surface with one or more different 

polygons, so that there are no uncovered portions and no 

overlap between these polygons. Numerous examples of 

tessellations on curved surfaces are known [6], [7] but 

the research in this paper addresses a simpler case of 

tessellating a flat surface, specifically a building with flat 

facades, as shown in Figure 4. In descriptive geometry, 

the coverage of a plane with regular polygons of the 

same side and the same kind is found in the regular or 

homogeneous tessellation, where the polygons used are 

equilateral triangles, squares, hexagons, octagons or 

semiregular polygons, with eight variants of semiregular 

tessellations with a single type of vertex and fourteen 

variants of semiregular tessellations with multiple types 



Dynamic Shading Systems - Contextual Solutions for Sustainable Architecture Based on Origami 

JOURNAL OF INDUSTRIAL DESIGN AND ENGINEERING GRAPHICS 43 

of vertices. This operation is possible only with those 

regular polygons whose vertex angles are submultiples of 

360 degrees. From simple geometric bases, complex and 

detailed patterns can be generated through algorithmic 

operations such as rotation, symmetry, or repetition. At 

their core lies a mathematical structure, which may be 

understood as a systematic pursuit of regularity and order 

[8], [9].  

Thus, by using the symmetry of a square ABCD with 

respect to the diagonal AC and dividing the sides BC and 

CD into 4 equal segments, the mechanism can be 

operated for opening and closing, as shown in Figure 4. 

In the following, we will study the geometric 

configurations of the shading system and the folding 

movement of the façade based on Origami. 

 

 
 

Figure 4 Square tessellation and square symmetry, (program 

used Archicad and Rhino). 

 

2.3. Dynamic characteristics of sun shading device 

To design architecture means to study, among other 

things, the way light enters, how you perceive the 

surroundings, and it is precisely this aspect that we can 

enhance through this envelope [10]. The entire system 

becomes an integral part of the façade and will influence 

the overall design of the building, with the key being the 

selection of actuation systems with the most pleasant 

design. Consequently, the number of actuation points, 

required displacements, and actuation forces are 

important parameters that must be considered in the 

design phase to ensure the sustainability of the systems. 

The system is designed to respond to a certain intensity 

of solar light. The façade is like an Origami structure, 

which integrates perfectly into the building’s envelope, 

the main function being the control of light intensity in 

the interior spaces. The properties and symmetry of the 

square make it possible to repeat it extensively in a plane, 

with the actuation axis for the shading module's closure 

mechanism being the diagonal AC of square ABCD, as 

shown in Figure 4. 

By operating a system for pulling some backstays 

located at the lower base of the facade, represented in 

Figure 5, the shading system closes to allow the sun to 

enter. The pulling force that allows the shading system to 

close is represented by arrows. By operating the 

sunshade opening system, represented in Figure 6, the 

facade is fully protected from the sun's rays. The module, 

thus created, folds and generates new angles, which 

reflect the solar radiation to the outside of the façade. 

Parametric research on origami tessellations, such as the 

Miura-ori, has further demonstrated how folding 

geometry governs adaptability and stiffness in 

architectural applications-findings that align directly with 

our modular, square-based shading concept [11]. 

During the movement, it generates animated patterns 

along the height of the building, which can be viewed 

both from the inside and from the exterior of the 

building. The image of these movements can vary across 

the entire façade, creating a personalized scenography for 

the users of these spaces. Due to the independent 

operation of the modules, light enters in the interior 

spaces without altering the shape of the entire façade. 

With maximum flexibility and a large number of 

configurations, the kinetic shading device will optimally 

adapt to the intensity of the sun. It results in squares with 

varied openings, which in turn generate ingenious 

dynamic compositions, texturing the façade along 

vertical axes with three-dimensional forms. The 

permissive and vibrant envelope, through the attributes 

of the surface shape, becomes dynamic depending on the 

intensity of the light, as exemplified in Figure 7, with a 

view of the assembly from the direction of the interior 

space and with a view from the exterior.  

In this context, geometric strategies for transformable 

auxetic patterns have proven directly applicable to façade 

screens and shading devices, reinforcing the validity of 

our approach to kinematic modulation of solar apertures 

[12].  

 

 
 

Figure 5 Design of the shading module originating from the square. Closing the shading system, (Origami). 
 

 
 

Figure 6 Design of the shading module originating from the square. Opening the shading system, (Origami). 
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Figure 7 View of the shading system from the inside and view of the shading system from outside, (program used Rhino). 

 

In Figure 7, one can see how the system can be 

closed 100% to allow obtaining a compact shadow and 

avoiding the penetration of the sun's rays into the interior 

space when they fall perpendicularly on the facade. 

Figure 8 shows a way of operating the system 

through forces applied along the diagonal axis of the 

squares that make up the network to open or close the 

system. This system can be controlled gradually to obtain 

any percentage of brightness in the interior space of the 

building. In these images one can see how some 

intermediate phases of 60% and 30% closure of the 

system are presented, reaching up to a 100% lease. 

Through the design proposed for this shading system, the 

geometry of the facade changes due to the kinetic 

structure, which responds passively to fluctuations in 

light intensity [13]. In the future, in collaboration with 

our colleagues from the Faculty of Mechanics and 

Electrical Engineering, we will be able to study the 

shading system in more depth. 

 

 
 

Figure 8 Closing and opening the shading system, (program 

used Rhino). 

 

2.4. Energy efficiency and well-being 

Due to major climate changes that lead to extreme 

weather conditions, the need to use adaptive envelopes 

becomes imperative necessary both from the point of 

view of ensuring the well-being of residents and for 

rationalizing the energy consumption in buildings [14].  

The concept of well-being involves meeting several 

quantifiable requirements through objective physical 

measures related to thermal, visual, and acoustic comfort, 

air quality, as well as a series of subjective, 

psychological factors, which can only be evaluated on 

statistical grounds, by interviewing multiple subjects 

[15]. 

Heat transfer is quantified by the following two 

physical parameters [1]: 

•  Specific thermal resistance R [m²K/W] is a 

physical parameter used in building thermal engineering 

calculations and in estimating heat demand. It represents 

the thermal insulation capacity of an enclosing element. 

Higher thermal resistance corresponds to reduced heat 

transfer, minimizing energy losses; 

•  Heat transfer coefficient U (or transmittance) 

[W/m²K] represents the inverse of thermal resistance and 

reflects the heat transfer capacity, so the lower the U 

value, the lower the transmission losses are. 

In the current Romanian standards, the minimum 

requirement for classical building envelopes in 

residential buildings are Rmin = 1.8 m²K/W, and Umax = 

0.6 W/m²K, as specified by MDRAPFE Order 2641 from 

2017. 

Unfortunately, for buildings with lightweight façades 

used for administrative and commercial purposes, these 

values are below the acceptable limits, which is why 

efforts are being made to select solutions and materials 

that can improve their energy performance. 

The analysed building has an aluminium frame 

envelope with triple-glazed glass. The implementation of 

a ventilated space on the exterior of the building 

envelope, combined with a shading system, demonstrates 

a minor yet measurable improvement in energy 

performance. Ubakus software, a U-value calculator that 

evaluates wall components for insulation, moisture 

protection, and thermal performance, was used to 

calculate the Heat Transfer Coefficient of the glass wall, 

both with and without shading. The calculations were 

performed under identical boundary conditions, 

including the same climatic assumptions, indoor and 

outdoor temperatures, and glass wall configuration, the 

only variable being the presence of the external shading 

system. 

In the case of the triple-glazed insulation glass, a 

value of R=1.43 m2K/W resulted and in the case of the 

same glass equipped with a shading system, the thermal 

resistance increased to R=1.523 m2K/W, reflecting a 6% 

improvement. Figure 9 illustrates the temperature profile 

of the existing triple-glazed glass while Figure 10 
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presents the temperature profile of the glass wall 

integrated with the shading system. 

Similar studies conducted in Romania highlight that 

properly dimensioned fixed shading devices can 

significantly reduce summer cooling demand while still 

allowing beneficial solar gains during winter [16].  

Although the proposed solution does not have a 

major impact on the thermotechnical properties that 

determine the heating demand during the cold season, it 

plays a crucial role during the warm season, when 

cooling requirements are significantly reduced, thereby 

contributing to improved energy performance. This 

observation is supported by comparative studies on office 

buildings in Bucharest, which show that external shading 

systems play a decisive role in lowering cooling energy 

consumption during warm periods [17].   

 

 
 

Figure 9 Temperature profile of the glass wall without the 

shading system (software used: Ubakus). 

 

 
 

Figure 10 Temperature profile of the glass wall with the 

shading system (software used: Ubakus). 

 

The building envelope plays an important role in 

ensuring natural light. Glass façades have a crucial role 

in contemporary architecture due to their ability to 

provide consistent natural lighting. However, to 

maximize energy efficiency, it is essential to find an 

optimal balance between the amount of natural light 

entering the interior and its thermal impact on the space. 

The dimensions/parameters that influence visual 

comfort are [18]:  

•  Illumination level, which depends on the type of 

activity performed; for offices, an illumination level of 

300-500 lx is recommended, with a maximum allowable 

value of 750 lx. 

•  Illumination uniformity level, which should be 

greater than 0.6. 

•  Unified Glare Rating (UGR), which should be 

equal to or less than 19. 

•  Color Rendering Index (CRI), which ranges 

between 0 and 100. In office spaces, this index should be 

greater than 80. 

•  Correlated Color Temperature (CCT), which is 

also essential. A value of 4000 K is recommended for 

office spaces (on a scale ranging from 2700 to 6500 K), 

corresponding to neutral white light. 

The integration of these parameters into the design of 

lighting systems, whether natural or artificial, contributes 

to creating a comfortable and efficient working 

environment while meeting ergonomic and sustainability 

requirements. This holistic approach highlights the 

importance of technology and thoughtful design in 

optimizing office spaces. 

 

 

3. CONCLUSIONS 

 

Building façades can no longer be regarded merely as 

passive barriers between interior and exterior spaces. 

They are evolving into intelligent interfaces that mediate 

the interaction between occupants and the environment, 

with a decisive influence on energy efficiency, comfort, 

and architectural expression. Their design must therefore 

be approached as a multidisciplinary engineering 

challenge, closely aligned with the principles and 

demands of sustainability. 

In this context, adaptive and kinetic façade systems 

have been increasingly explored as strategies for 

controlling solar radiation and improving indoor 

environmental quality. Unlike many existing kinetic 

façade systems that primarily focus on technological 

performance or complex mechanical actuation, the 

novelty of this study lies in the integration of cultural 

geometry with adaptive façade design. The proposed 

shading system is generated from traditional Romanian 

geometric motifs interpreted through a square-based 

origami tessellation. 

Natural light reduces the need for artificial lighting; 

however, excessive solar radiation can increase indoor 

temperatures, leading to higher energy consumption for 

cooling. Modern solutions, such as the use of solar 

control glass, low-emissivity (low-E) glass, or the 

integration of adjustable shading systems, allow for 

minimizing unwanted heat gains without compromising 

the quality of natural lighting. 

Thus, the design and management of glass facades 

must focus on achieving a balanced approach that 

leverages the benefits of natural light while reducing 

energy consumption for heating, cooling, and lighting, 

thereby contributing to the creation of sustainable and 

energy-efficient buildings. 

To create buildings with adaptive facades, effective 

collaboration is required between architects and 

engineers from various fields, including civil engineering 

and building systems, as well as electronics for 

automation and the use of various sensors, and 

mechanical engineering to propose solutions for the 

proper mounting of shading panels to achieve kinetic 

facades. All of this can be accomplished through BIM 

(Building Information Modeling) design, which has been 

increasingly utilized in recent years. 
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