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Abstract. Since the beginning of Russia’s full-scale invasion of Ukraine, the construction of 
underground public buildings has become a strategic priority for protecting civilians, particularly in 
frontline regions. For the first time in global practice, fully underground schools and kindergartens 
have been implemented as facilities capable of mitigating the effects of blast waves, fragmentation, 
and radiation hazards. However, the absence of natural daylight in such environments creates 
significant sanitary-hygienic, physiological, and psychological challenges, especially for children 
who remain underground for extended periods. Insufficient daylight negatively affects circadian 
rhythms, visual performance, emotional stability, and learning efficiency. 

The purpose of this study is to develop practical recommendations for the integration of 
natural daylighting systems into underground educational buildings. The research methodology is 
based on a systems approach, theoretical analysis, review of international case studies, evaluation of 
Ukrainian regulatory documents, and examination of modern daylight transportation technologies, 
including light pipes, fiber-optic systems, heliostats, mirror light guides, and reflective light tunnels. 

The paper presents a design proposal for an underground kindergarten in which daylight 
transportation is combined with the ventilation system into a unified engineering unit. Light-
collecting elements are placed on separate reinforced concrete columns located outside the debris 
zone, ensuring system operability in case of structural damage. The design incorporates spherical 
collectors, reflective light guides with 90° rotation, protective dampers with automatic sealing, and 
transformer furniture for flexible spatial use. 

The results demonstrate that transported natural lighting improves visual comfort, supports 
healthy biological rhythms, reduces dependence on artificial lighting, and enhances the psychological 
well-being of users in protected underground environments. The scientific novelty lies in the first 
comprehensive method for providing daylight in underground educational facilities in Ukraine under 
wartime conditions. The practical significance consists in the applicability of the proposed solutions for 
the design of protected schools, kindergartens, and hospitals, contributing to energy efficiency, 
environmental sustainability, and improved quality of life in underground architecture. 

Keywords: underground educational buildings, transported daylighting, light pipes, natural 
lighting, protective structures, visual comfort, wartime architecture. 

 
Introduction. Since the beginning of Russia’s full-scale war against Ukraine, the construction 

of underground buildings and protective structures has become one of the country’s most urgent 
priorities. Initially, shelters and bomb shelters were considered temporary solutions. However, after 
several years of continuous armed aggression and increasing threats to civilians, a state program 
was launched to "submerge" public buildings such as schools, kindergartens, hospitals, and other 
essential facilities underground. 
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Under these circumstances, Ukraine became the first country in the world to begin 
constructing fully underground schools – facilities designed to mitigate the effects of blast waves 
and fragments from weapons of mass destruction. The first such schools, followed by underground 
kindergartens, were built in Kharkiv, a city that has been under constant shelling. 

The first underground school was opened in Kharkiv in the spring of 2024. It includes 20 
classrooms and accommodates approximately 900 students attending in two shifts. The facility is built 
in accordance with the national standards and regulatory requirements for radiation shelters [1, 2]. Its 
premises are equipped with multiple power supply sources and an air regeneration system [2]. 
However, traditional methods of providing natural daylight cannot be applied in such underground 
environments. As a result, children study exclusively under artificial lighting, which imposes strict 
time limits on their stay in these spaces. 

Analysis of Recent Research and Publications. The primary purpose of lighting is to ensure 
a comfortable visual environment that meets sanitary and hygienic requirements in accordance with 
the State Standard [1]. Natural lighting is a vital component of modern life and has a profound 
impact on human well-being. Approximately 90% of information is perceived through the visual 
channel; therefore, properly designed and rational lighting is crucial for performing all types of 
visual tasks. Light serves not only as a condition for the functioning of the visual analyser but also 
as a biological factor essential for human development. Day and night, light and darkness determine 
biological rhythms – wakefulness and sleep. Consequently, insufficient or excessive lighting 
reduces the excitability of the central nervous system and, therefore, affects all vital processes [3]. 

Ensuring optimal lighting conditions or lighting comfort plays a significant role in creating 
healthy working and living environments. It also has an important psychological function, 
supporting both the performance of the visual system and the overall emotional well-being of 
individuals [4]. This factor is especially critical in public buildings where people spend extended 
periods of time, particularly in children’s institutions and healthcare facilities. 

In schools, daylight plays an even more fundamental role. Research shows that schools with 
adequate natural lighting can significantly improve the performance of children and adolescents [5, 6]. 
One study found that natural light was the characteristic that had the greatest impact on student 
learning [7]. Another study demonstrated that increasing the size of skylights improved students’ 
test parameter that increased student performance by up to 20% [1]. 

The field of "Lighting Engineering" is one of the most widely developed areas within the 
broader discipline of Building Physics, as evidenced by numerous publications, manuals, and 
monographs. However, due to the interdisciplinary nature of this science, most research has focused 
on artificial lighting, energy efficiency of combined lighting systems, or purely technical aspects of 
illumination [3, 8-10].  

Natural lighting technologies include various methods and systems designed to maximize the 
use of sunlight for indoor illumination. Approaches to providing natural light to underground, or 
partially buried buildings have existed since ancient times. For example, in Ancient Egypt, certain 
pyramids contained openings that directed daylight toward the lower chambers of the structure –
possibly serving as prototypes for later daylighting technologies. 

Daylight typically enters buildings through light openings such as windows, skylights, or roof 
lanterns. Depending on their placement, lighting can be classified as side or top lighting. The 
daylight factor is calculated accordingly, and illumination levels can be increased by enlarging 
openings. However, in deep or underground spaces, direct access to daylight is not possible.  

A practical solution to this problem has been developed in the form of transported daylighting 
– a technology that uses light pipes or tunnels to deliver natural light from the surface into deep or 
enclosed spaces. These systems allow the introduction of daylight in environments where traditional 
windows cannot be used effectively [1, 11, 12].  

Transported daylighting systems employ special light guides that collect sunlight from outside 
and transmit it to the desired indoor location, providing illumination for basements, tunnels, 
courtyards, and other spaces typically deprived of daylight [11, 13, 14].  

The issue of ensuring natural lighting in underground facilities – particularly in educational 
institutions–has become especially relevant under the current wartime conditions in Ukraine.  
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Objective and Tasks. The purpose of this study is to develop practical recommendations for the 

comprehensive design of natural lighting systems in underground spaces of educational institutions. The 

objectives of the study include examining international experience and conducting a comprehensive 

analysis of modeling methods for natural lighting design in underground educational buildings. 

Research methodology. The research employs theoretical methods, systems analysis, and a 

review of existing bibliographic sources and current regulatory documents of Ukraine and leading 

countries. Specialized publications and practical experience in implementing new natural light 

transport technologies in underground spaces were also analyzed. 

Research results. In recent years, numerous practical developments, design concepts, and 

promotional materials have appeared focusing on the use of daylight transportation technologies in 

underground public buildings [12].  

This method of lighting has been successfully implemented abroad – particularly in schools, 

hospitals, offices, warehouses, and military facilities – where light pipes are used to transmit natural 

light into spaces that lack direct access to daylight [15].  

Mariam Abadi, in her work on the Arch2O platform, effectively highlights new trends in 

lighting design, material innovation, and urban architecture. Her research emphasizes the synergy 

between ecology and aesthetics, demonstrating that the integration of daylight based on its physical 

characteristics has both visual and psychological benefits [16].  

Given the critical importance of natural lighting in underground public spaces, designers, 

engineers, and architects have proposed and implemented various approaches to achieving effective 

illumination. Existing methods can generally be categorized as spatially oriented (passive) natural 

lighting design solutions – such as high-level windows, skylights, light tunnels, sunken courtyards, 

and atrium-type light wells [9].  

These systems aim to maximize the penetration and distribution of daylight within deep or 

partially buried spaces while maintaining energy efficiency and visual comfort. 

Today, light pipes are widely used abroad in almost all types of premises where the required 

level of illumination cannot be achieved solely through windows [17]. Their application contributes 

to both the implementation of sustainable lighting solutions and significant electricity savings. The 

generalized system of daylighting technologies is presented in Table 1. 

 

Table 1 – Basic daylighting technologies. Source: Authors 

Technology type Interpretation 

Orientation of buildings and 

premises 

The correct choice of the location of the building and its 

orientation relative to the cardinal points allows for maximum use 

of sunlight throughout the day 

Light openings (windows, 

skylights, light tunnels) 

Placing windows, skylights, and light tunnels on the roof or walls 

allows light to enter a room. The size and shape of the light openings, 

as well as their placement, affect the amount of light that enters 

Lighting with a flashlight 
The use of skylights on the roofs of buildings provides uniform 

lighting of large spaces 

Light control systems 

Automated systems that regulate the position of blinds, curtains, 

or light curtains allow you to control the amount of sunlight 

entering the room and avoid overheating 

Mirrors and reflective surfaces 
Mirrors placed in strategic locations can reflect sunlight and 

scatter it throughout the room, increasing light 

Light tunnels 

Light tunnels are systems of pipes with reflective surfaces that 

collect sunlight and transmit it to remote areas where natural 

lighting is difficult 

Highly reflective materials 
Using light-coloured finishing materials, such as paint, wallpaper, 

and flooring, improves the lighting of the room. 
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Transported daylighting has been implemented, for instance, at the Auber Station (French: 

Gare d’Auber), which is part of Line A of the RER (Réseau Express Régional) in Paris and is 

located underground. Another remarkable example is Coober Pedy, a small town in southern 

Australia, where most residents live underground. A further case is the traditional Chinese yaodong 

– a cave dwelling carved into the hillside that features an internal courtyard providing natural light 

(Fig. 1) [9, 11, 14, 17, 19].  

Lighting in underground homes is an essential design aspect. Many such dwellings utilize 

passive solar energy for part of their energy needs, with glazing typically concentrated on the south-

facing walls [9, 18, 19]. 

The main regulatory document in Ukraine governing lighting systems is DBN V.2.5–28:2018 [1]. 

One of the innovations introduced by this document is the standardization of transported natural 

lighting in buildings and premises. 
 

 

 

 [21]. 

 

 

 

 

 

 

a    b 
 

a)        b) 

Fig. 1. Examples of the use of transported lighting: 

a – Coober Pedy Underground, Australia [18]; b – Chinese yaodong [19] 

 

The light distribution systems can be divided into two main groups: iight guide systems, 

which use daylight to illuminate the building’s interior and can redirect light up to 10 meters, and 

long-distance light transport systems, which are capable of transmitting daylight over distances 

greater than 10 meters (Table 2). 

Recent amendments to state building codes in the field of indoor lighting have introduced into 

national standards a provision regarding the use of light guides for natural illumination of rooms 

where daylight is insufficient. This innovation improves the sanitary and hygienic conditions of 

underground spaces [1, 2].   

One of the most urgent issues today is the lighting of underground spaces amid the aggressor’s 

attempts to destroy educational institutions in Ukraine. Technologies of transported natural lighting 

have been proposed during the design of shelters for preschools and schools across the country.  

To enhance the quality of the environment for prolonged human stay in underground spaces 

and as an example of coordination and comprehensive optimization aimed at creating a harmonious 

symbiosis between humans and the underground resource environment – a design project of a 

kindergarten in one of Ukraine’s rural settlements is presented. The project provides for the use of 

light tunnels with reflective coatings on the inner surface of the light pipes to transport daylight into 

the underground premises of the kindergarten. 

The building is a two-story structure: the above-ground floor accommodates administrative 

premises and playrooms, while the underground floor functions both as a civil defense shelter and 

as sleeping quarters for the children [20].  

The underground level is designed to reduce the impact of blast waves and fragments of 

weapons of mass destruction, ensuring the highest possible level of physical and psychological 

comfort in a protected space. 

In the event of an air raid or shelling during games or educational activities, evacuation routes to 

the underground area are provided via internal staircases and lifting devices. If an air raid occurs during 

daytime rest, children can continue resting safely, which helps preserve their mental well-being. 
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Table 2 – Daylight distribution systems. Source: [13, 14, 17] 

Name Mechanism of action Example 

Fiber 

optic 

system 

Uses blinds, shutters, and holographic optical elements to 

collect and transmit daylight through optical fibers. A 

device that concentrates solar energy using mirrors or lenses 

to increase the intensity of light entering the system. 
 

Light 

conversio

n system 

Designed to transport sunlight into buildings located more 

than 10 m from the nearest window, relying solely on direct 

sunlight 

 

Solar 

collectors 

The problem of the sun's movement can be solved by using 

an active collector, such as a heliostat, equipped with 

integrated mechanical components that track the sun 

 

Mirror 

light 

guides 

The system of mirrored light guides consisting of a hollow 

reflective tube in which multiple mirror reflections occur, 

transmitting light deep into the building 

 
 

The use of transformer furniture in the sleeping areas allows for flexible reconfiguration – 
bedrooms can be converted into play or study rooms in case of prolonged shelling [20]. 

The advantages of such a design include the ability to provide daylight illumination in the 
absence of electricity, as well as its energy efficiency. 

The project applies a technology of natural daylighting systems integrated with the ventilation 
system into a single combined unit. Typically, such systems are installed on the roof or walls of a 
building [8, 15, 21]. Unlike the aforementioned solutions, this project proposes a natural daylighting 
system integrated with the ventilation system and mounted on concrete columns positioned at a 
distance from the building walls – outside the debris zone in case of destruction of the above-
ground part of the structure (Fig. 2). 

A spherical lens is installed on top of each column to collect daylight and transmit it through a 
light guide to a diffuser located on the interior wall of the room [15].  

In the underground area, the light guides are arranged with a 90° rotation angle. The reduction 
in the intensity of natural illumination across the rooms was taken into account when determining 
the size and the required number of light guides. 

The horizontal section of the light guides and the air recovery system are protected by a 
welded steel pipe structure. On the inner surface of the shelter wall – in the filter and ventilation 
room – dampers equipped with an automatic closing system are installed to seal the light guides in 
case of an air blast entering the ducts. 

Summarizing the above, it can be stated that the issue of organizing daylighting based on 
natural lighting technologies (Table 1) is highly relevant today in the context of constructing 
underground public buildings where people spend extended periods of time, such as school 
classrooms and children's rooms in kindergartens. The development and implementation of such 
technologies provide a comprehensive approach to rethinking and updating architectural projects by 
integrating them into the modern urban environment. 

Considering the advantages and disadvantages of various methods of transporting natural light 
to underground public spaces, achieving optimal overall illumination from the standpoint of 
sanitary and hygienic requirements is crucial. It is also necessary to ensure visual comfort and 
functional feasibility, creating favorable conditions for people who remain in underground spaces 
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for long periods. Moreover, the broad use of daylight resources, with their economic and 
environmental benefits, calls for the further development and integration of these systems into 
future underground construction projects. 

 

 
Fig. 2. Scheme of providing daylight in the underground space of a kindergarten – own research. 

Source: Authors 
 

The integration of natural lighting design with spatial and engineering solutions can fully 

realize its advantages: improving control over light distribution and spatial organization, thereby 

creating a more comfortable indoor environment; and compensating for the lack of natural 

illumination under complex operational conditions [17, 22].  

Conclusions. The advantages of natural lighting are well recognized. First, it is energy-efficient, 

reducing the dependence on artificial lighting and consequently lowering electricity consumption. 

Moreover, natural light has a positive influence on human health and well-being, enhances 

psychological comfort, fosters a pleasant indoor atmosphere, improves concentration and efficiency, and 

contributes to the prevention of infectious diseases through the healing effects of sunlight. 

The results of the study confirm that natural lighting is a key factor influencing the quality of 

life and productivity, especially in premises where people stay for long periods. Its integration into 

architectural and interior design solutions offers significant benefits. Therefore, the introduction of 

transported natural lighting systems in underground buildings and individual rooms is of particular 

importance. These systems contribute to energy savings, improved health conditions, and enhanced 

aesthetic quality of the built environment. 

The scientific novelty lies in the first proposed method of transporting natural light to provide 

daylight in underground or semi-buried educational buildings (school classrooms, kindergarten 

group rooms, and bedrooms), promoting the effective application of underground architecture 

projects in Ukraine under conditions of ongoing potential threats. 

Practical significance of the study is that the proposed recommendations can be implemented 

in Ukraine during the construction of new underground public facilities-primarily schools, 

kindergartens, and hospitals. 
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Анотація. З початку повномасштабної війни Росії проти України будівництво підземних 
громадських будівель стало стратегічним пріоритетом для забезпечення безпеки цивільного 
населення, особливо в прифронтових регіонах. У світовій практиці вперше реалізовано 
повністю підземні школи та дитячі садки, здатні зменшувати вплив ударної хвилі, уламків і 
радіаційних чинників. Водночас відсутність природного освітлення в таких просторах створює 
суттєві санітарно-гігієнічні, фізіологічні та психологічні проблеми, особливо для дітей, які 
перебувають під землею тривалий час. Недостатність денного світла негативно впливає на 
циркадні ритми, зорову працездатність, емоційний стан та ефективність навчання. 

Метою дослідження є розроблення практичних рекомендацій щодо інтеграції систем 
природного освітлення у підземні будівлі закладів освіти. Методика базується на системному 
підході, теоретичному аналізі, вивченні міжнародного досвіду, аналізі нормативних документів 
України та дослідженні сучасних технологій транспортування денного світла, зокрема світловодів, 
волоконно-оптичних систем, геліостатів, дзеркальних світлопроводів і світлових тунелів. 

У роботі запропоновано проєктне рішення підземного дитячого садка, у якому система 
транспортування денного світла інтегрована з вентиляцією в єдиний інженерний блок. 
Світлоприймальні елементи розташовано на окремих залізобетонних колонах поза зоною 
завалів, що забезпечує працездатність системи у разі руйнування надземної частини будівлі. 
Передбачено використання сферичних колекторів, відбивних світлопроводів із поворотом на 
90°, захисних клапанів з автоматичним перекриттям, а також трансформованих меблів для 
гнучкого використання простору. 

Результати дослідження підтверджують, що застосування технологій транспортування 
природного світла підвищує візуальний комфорт, сприяє нормалізації біологічних ритмів, 
зменшує залежність від штучного освітлення та покращує психоемоційний стан користувачів 
у захищених підземних просторах. Наукова новизна полягає у розробленні комплексного 
методу забезпечення денного освітлення підземних освітніх закладів в Україні в умовах 
воєнних загроз. Практичне значення роботи полягає у можливості застосування 
запропонованих рішень під час проєктування захищених шкіл, дитячих садків і лікарень з 
урахуванням вимог енергоефективності, екологічності та комфорту середовища. 

Ключові слова: підземні заклади освіти, транспортування денного світла, світловоди, 
природне освітлення, захисні споруди, візуальний комфорт. 
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