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Abstract. Solar architecture is an innovative approach to building design 

and construction that focuses on integrating solar technology with 

architectural design. Solar-integrated architecture includes both passive and 

active use of solar energy. Due to the impact of global warming, today's 

energy environment is changing significantly from the usage of fossil fuels 

to the production of clean energy on-site. Buildings and the construction 

sector are responsible for almost a third of the world's total energy 

consumption and are the primary source of greenhouse gas emissions. Solar 

energy as a source of inexhaustible energy represents the future of modern 

sustainable buildings. This article deals with the basic principles and 

overview of solar architecture and analyses its impact on the environment. 

The paper includes the advantages of solar architecture, influencing factors, 

the latest technological innovations, practical aspects of implementing solar 

solutions, and examples of successful world projects. The paper aims to 

provide a comprehensive and informed overview of solar architecture and 

available solar technologies and solutions. Last but foremost, emphasize the 

importance of this issue in existing but especially in future designs of 

energy-efficient buildings.  

1 Introduction 

In the era of global warming and growing awareness of climate change, the energy efficiency 

of buildings becomes a crucial issue. The construction sector is responsible for more than 

40% of global energy consumption. The problem of reducing carbon emissions is a necessary 

and increasingly discussed topic in the construction sector. Relating to sustainability, passive 

building design takes centre stage, driving increased attention toward utilizing renewable 

energy sources [1]. The primary and inexhaustible source of energy for our planet is the Sun. 

Optimal use of solar radiation contributes not only to energy sustainability but also has a 

fundamental impact on the comfort of the indoor environment of buildings [2]. With the 

increasing environmental challenges, solar architecture is becoming a powerful tool in 

reducing emissions and transitioning to sustainable energy sources. Solar architecture offers 

an innovative solution that integrates solar technologies into the design of buildings and thus 

enables the use of clean and renewable energy from the Sun [3].  
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2 Solar architecture  

The term solar architecture represents an architectural approach that focuses on integrating 

solar technologies into the design of buildings to effectively harness solar energy. This 

concept combines architectural elements with advanced technologies to maximize energy 

gains [4]. Solar architecture includes integrating active solar systems, various intelligent 

control mechanisms to optimize solar radiation, and passive solar designs that utilize solar 

radiation without active technologies. The goal of solar architecture is to create sustainable 

and energy-efficient structures that will contribute to reducing energy consumption and 

greenhouse gas emissions while providing optimal comfort for building occupants [5]. 

2.1 Historical evolution of solar architecture 

The historical development of solar architecture reaches far back into the past when people 

began to use sunlight and heat to improve the indoor comfort of their dwellings. This issue 

was closely linked to architecture, technological progress, and culture. From the earliest 

settlements to modern cities, we have witnessed the evolution of solar energy use in 

buildings. In ancient civilizations, such as ancient Greece and Rome, architects considered 

the optimal use of sunlight, specifically through the proper orientation of buildings. They 

used atrium courtyards, appropriate placement of window openings, and various cutout 

details on the facade to provide sufficient daylighting for buildings [6]. The idea of passive 

design first appeared in Greece. It is the principle of Socrates' solar house, which represents 

the idea of using solar energy throughout the year and ensuring optimal indoor thermal 

comfort. Socrates designed a higher south-facing facade for better use of sunlight in winter. 

In contrast, the north facade is lower to protect against strong winds. The shape and slope of 

the roof depend on the latitude and location. The roof overhang prevents summer sunlight 

from entering the interior of the house [7]. 

In the 18th century, the first solar collector was invented by the Swiss scientist Horace 

Bénédicte de Saussure. It was constructed from several layers of glass placed in a box and 

functioned like a greenhouse [8]. The rise of the industrial revolution and urbanization in the 

19th century brought new technologies, transforming the possibilities of using solar energy 

in buildings. The MIT Solar House, built in 1939 in the United States, is considered a 

pioneering project in solar building design. The house was designed by engineer Hottel H. 

and was the first to use active solar systems for heating and water heating [9]. One of the first 

passive solar houses is the "Dover Sun House" built in 1948 in the USA. The system was 

designed by scientist Telkes M. and operated on the principle of accumulating solar energy 

using salt, which released heat into the environment during phase change [10]. In the 20th 

century, particularly during the energy crisis of the 1970s, interest in solar technologies for 

the direct conversion of sunlight into heat and electricity increased. During this period, the 

first commercial solar water heaters were developed, providing hot water for domestic use 

[11]. Another significant milestone in solar architecture is the house that rotates to follow the 

sun. The so-called Heliotrope was designed by German architect Rolf Disch and the first 

version was built in Germany in 1994. The house was designed to be oriented towards the 

sun during the heating season and away from the sun during the summer months [12]. With 

the advent of the 21st century, solar architecture has become an innovative approach to the 

design and construction of buildings. The first major project in the 21st century to use solar 

design is the "Druk White Lotus School" educational building, built in 2022 in northern India. 

Architects from Arup used Trombe walls to maintain optimal indoor comfort and solar panels 

to generate electricity [13]. 

Today's solar architecture projects emphasize the integration of solar technologies into 

the very structure and facades of buildings. With the onset of modern technological 
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innovations, solar architecture is becoming a key element in the global effort to reduce 

greenhouse gas emissions. The historical development from ancient civilizations to 

contemporary innovations testifies to the continuous interest in using solar energy in the 

construction sector to create a more sustainable and energy-efficient future [14]. 

3 Active and passive solar systems 

Solar architecture is an approach to building design that emphasizes environmental 

sensitivity and utilizes climatic factors to achieve indoor comfort. This approach rejects 

reliance on artificial energy sources, which are not only financially costly but also potentially 

destructive to the environment. In contrast to the traditional building approach, which views 

climate as an obstacle to be kept out of buildings, solar architecture strives to integrate 

buildings into their surroundings. These natural energy sources can be harnessed in two ways: 

actively and passively. A third option is a combination of the two, known as a hybrid system. 

Solar systems are ways of using and converting sunlight into energy for the benefit of a 

building. Solar energy can be used for various purposes such as heating, water heating, air 

heating, or electricity generation. Active and passive solar systems perform the same function 

but operate through different mechanisms [15]. 

3.1 Active solar systems 

Active solar systems represent a wide range of technological solutions that use mechanical 

or electrical devices to integrate solar energy into the design and operation of a building. The 

aim is to reduce the energy consumption of the building and improve the indoor thermal 

comfort. These systems can be categorized from various perspectives, such as their visual 

connection to the exterior, geometrical properties, or the materials used [16]. Active solar 

systems include light chimneys, tubular skylights, solar lamps, heliostats, solar towers, and 

more. The basic elements and their classification can be considered at two scales. The first is 

the relationship to the building and the second is to the larger context of urban planning 

(Figure 1.) [17]. 

 

 

Fig. 1. Active solar systems at the scale of a building and city (according to [17]). 
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3.2 Passive solar systems 

Passive solar systems use the natural properties of a building and its surroundings to capture 

and retain solar energy without the use of mechanical or electrical devices. The design 

principle of passive design is to maximize the benefits of the local climate. When designing 

passive solar buildings, it is important to consider the size and placement of window 

openings, shading elements, and the surrounding environment. These factors need to be 

considered at the early stages of the building design process. In addition, the shape of the 

building, the use of buffer zones in buildings, and the selection of appropriate glazing are 

also important factors (Figure 2.) [17, 18]. 

 

 

Fig. 2. Passive solar systems at the scale of a building and city (according to [17,18]). 

3.3 Advantages and disadvantages of solar systems 

Active and passive solar systems represent two fundamental approaches to utilizing solar 

energy in architecture. Each of these systems offers benefits to the building, but they also 

have some disadvantages. The main advantage of active systems is to maximize daylighting 

in building interiors. It leads to a reduction in the need for artificial lighting and an 

improvement in indoor comfort. For instance, solar lamps use solar energy to generate 

electricity. Heliostats and solar towers provide water or air heating in buildings by 

concentrating solar radiation. In addition to energy benefits, these systems also improve the 

aesthetics and functionality of buildings, which contributes to their attractiveness and 

sustainability. Active solar systems thus represent comprehensive solutions for architectural 

projects that save energy, protect the environment, and increase indoor comfort. The main 

disadvantage is their higher cost and maintenance requirements [19].  

Passive solar systems utilize the natural properties of sunlight to improve thermal and 

visual comfort in buildings without using active technologies. Their advantages include low 

cost and easy maintenance, low energy consumption, and long-term benefits in the form of 
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lower energy costs. The combination of these systems allows for comprehensive and energy-

efficient solutions in the form of hybrid systems, which combine the advantages of active 

and passive systems for the benefit of the building. A summary of their advantages and 

disadvantages is shown in Table 1. [20, 21]. 

Table 1. Advantages and disadvantages of solar systems (according to [20, 21]). 

Solar system Advantages Disadvantages 

Active 

- reduced carbon footprint 

- increased system efficiency due to 

mechanical components 

- higher capacity than passive 

systems 

- installation possible on existing 

buildings 

- greater control over energy use 

- costs, maintenance 

- space constraints 

- need for external resources for 

operation 

- unesthetic appearance of the 

building 

- risk of frost damage 

Passive 

- environmentally friendly solution 

- not require external solar 

equipment 

- maintenance-free 

- less expensive than active systems 

- aesthetic 

- lower efficiency than active 

systems 

- retrofit not possible 

- risk of overheating 

Hybrid 

- combines the advantages of both 

systems 

- increased energy efficiency 

- reduced emissions 

- increased indoor comfort 

- reduced energy costs 

- complexity 

- higher installation costs 

4 Integration of solar architecture in contemporary projects 

A modern example of the integration of solar design and sustainable construction is the 

Masdar City project in Abu Dhabi. It is a project with minimal energy consumption and the 

use of renewable energy sources, which has the potential to become a model for sustainable 

future cities. Construction began in 2006 and is to be completed in 2030. The city will cover 

an area of 6 square kilometres and will accommodate up to 50,000 people. Masdar City uses 

various technologies and strategies to achieve its carbon-neutral goals. From a solar 

architecture perspective, the buildings in the city are designed with a southern orientation to 

maximize sunlight and shading elements that reduce summer overheating. Another element 

is the use of thermal mass in building structures to reduce the energy needed for heating and 

cooling. The city will also have a photovoltaic panel system for generating electricity and a 

system for collecting rainwater and reusing it [22]. Another interesting example is the "The 

Edge" building in Amsterdam, which is the most energy-efficient and ecological in the world. 

The administrative building was completed in 2014 and consumes 70% less energy than 

conventional office buildings. The dominant feature is the glazed facade, which is oriented 

and shaped to allow for the most optimal use of sunlight. The all-glass north facade reduces 

the need for heating energy. On the other hand, the south facade is covered with photovoltaic 

panels, which, in addition to generating electricity, also provide shading and protect the 

interior from overheating [23]. Another example of solar design is the Bullitt Center, built in 

Seattle in 2012. It was designed to be the greenest commercial building in the world. It uses 

passive solar design elements such as orientation and shading elements. An interesting 

feature of this building is its facade, made of a composite material that can absorb solar 

E3S Web of Conferences 550, 01002 (2024)

Young Scientist 2024
https://doi.org/10.1051/e3sconf/202455001002

5



energy and release it as heat. The facade also includes photovoltaic panels [24]. The King 

Abdullah University of Science and Technology in Saudi Arabia, built in 2009, also uses 

passive solar design. In addition to orientation and shading elements, this building is 

particularly interesting for its perforated roof, which regulates light and allows air to flow 

through the building [25]. Another example of solar architecture is the Beddington Zero 

Energy Development housing complex built in the UK in 2002. This complex is considered 

one of the first in the world to achieve zero carbon emissions. A striking architectural feature 

is the winter gardens located in front of the apartments, which are a source of passive cooling 

and heating. In addition to these iconic buildings, passive solar architecture is also used in 

many other projects around the world, ranging from single-family homes to large commercial 

buildings. With the growing interest in sustainability, it can be expected that even more such 

buildings will be constructed in the future [26]. 

5 Conclusion 

Solar architecture has become a fundamental aspect of modern and future architectural 

practice, focusing on energy-efficient and sustainable solutions in construction. Through 

active and passive elements, it enables the effective use of solar energy to achieve indoor 

comfort and optimize the energy balance of buildings. The historical development of solar 

architecture reflects not only technological advancements but also dynamic changes in 

environmental awareness and societal priorities [27]. Innovative approaches to solar 

architecture integrate not only efficient active systems but also sophisticated passive design 

strategies that maximize natural lighting and thermal comfort in buildings. Implementing 

these strategies requires a comprehensive approach to architectural design, with an emphasis 

on analysing solar radiation and local climatic conditions. Through continuous development 

and innovative approaches, solar architecture has the potential to significantly contribute to 

solving global energy and environmental challenges. 
 

This paper was elaborated with the financial support of the research project VEGA 1/0626/22 of the 

Scientific Grant Agency of the Ministry of Education, Research, Development and Youth of the Slovak 

Republic and the Slovak Academy of Sciences. 
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