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Abstract: Light plays a key role in shaping the quality and atmosphere of interior spaces, and its
importance and contradictions are amplified in the design of libraries. This study focuses on the
problems associated with both insufficient natural light and excessive light. In both cases, visual
discomfort is the result. The reason for these problems lies in the use of translucent structures with
different parameters and properties in library architecture. This study analyzed the lighting environ-
ment in the main reading rooms of two university libraries in Warsaw. The research methods were
based on a field survey of objects and an analysis of the architectural and construction parameters
of the premises, as well as the physical and mechanical properties of various types of translucent
materials used in the reading rooms. The results of this study shed light on the relationship between
the interior space of the reading room and the geometry of transparent structures, as well as the
effectiveness of daylighting in libraries in the natural conditions of Warsaw. The key point of the
present study was to recognize the critical role that transparent materials and structures play in miti-
gating potential operational problems in library spaces. Wise selection of these elements at the design
stage can help minimize problems related to thermal energy regulation, ventilation control, acoustic
insulation, and increased visual comfort. The importance of this research area lies in its potential to
optimize library buildings by increasing energy efficiency and reducing reliance on artificial lighting,
heating, and air conditioning. Careful consideration of transparent materials at the design stage
promises long-term benefits in the form of sustainable library spaces that not only meet functional
requirements, but also contribute to a more environmentally conscious architectural landscape.

Keywords: lighting; transparent materials; translucent structures; glass facade; energy efficiency;
library space

1. Introduction

The use of natural light in the design of a building’s comfortable environment is
a decisive aspect not only in terms of shaping the quality of its interior space, but also
in terms of its energy efficiency [1,2]. Properly organized daylighting benefits people’s
physical and mental health, promotes efficient indoor living, and increases the energy
efficiency of a building [3-5]. Using daylight to illuminate the interiors of buildings is a
prerequisite for a comfortable and healthy working environment [6]. Daylight is considered
the healthiest type of light for the human eye due to its color and continuous spectrum [5],
while artificial lighting is unable to provide similar conditions due to flicker. The quality
of lighting influences human activity-related responses: the speed, accuracy, and effort
expended to perform different types of tasks [7]. However, exposure to daylight can have
both positive and negative effects on health due to its dynamics and variability. As these
changes are difficult to control, this creates several problems.

Too little illumination and its unevenness, excessive brightness, the appearance of
glare, and the inappropriate positioning of the workplace in relation to the light source
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can cause visual impairment and visual fatigue, eye irritation, the appearance of blurred
images, or a feeling of double vision. Prolonged exposure to poor lighting conditions can
cause or exacerbate visual impairment, affect well-being, and cause accidents [4,7-9].

The optimum lighting environment for visual comfort and safety in the middle of a
room depends largely on the amount of light entering the room, the intensity and brightness
of the lighting, as well as the reflections that can be created on different surfaces. The
lighting requirements set out in the Polish standard PN-EN 12464-1:2022-01 [10] indicate
that the light intensity in a reading and writing room should be 500 1x (Em) [11]. The
homogeneity of illumination is characterized by the level of illuminance at different points
of the working plane or the entire room and is determined by the ratio of the visual task
area to the immediate surrounding area. According to the standard, the minimum value of
uniformity in the visual task area should be 0.7 and 0.5 in the nearest surrounding area [8].
In this research study, two of these parameters are taken into account—the amount and the
brightness of the daylight.

Scientific studies in recent years dedicated to investigating and discussing the quality
of lighting in rooms and buildings under different conditions are mainly concerned with
the lighting environment in residential buildings [12], office spaces and commercial build-
ings [4], waiting rooms [5], and classrooms [13,14]. However, the importance of conducting
such studies in library spaces, especially in reading rooms, should not be diminished.
Table 1 presents a summary of example research dedicated to library spaces conducted in
the last five years.

Table 1. A summary of selected studies dedicated to the design of library spaces and buildings
conducted in 2019-2024.

No. Location Aim of the Study Main Findings Reference
o  The illuminance levels in the three library
spaces varied significantly and were also
To assess the environmental found to be unevenly distributed.
Minna, quality conditions in three e  The propositions have been provided to
1 L s e . . . [15]
Nigeria academic libraries using deliver adequate daylight.
objective measurements. e  The quality of the indoor environment in the
libraries was poor, indicating the need
for intervention.
To examime t}}e r01.e sofphysical | The library café serves as a multi-functional
academic libraries as more : .
Tsukuba, Japan . L center to meet different needs; it can be used
. learning-related activities. . A
2 Hong Kong, China . . e .. as a study space or a place for social activities [16]
2 To identify the similarities and - .
Lexington, USA . . and interaction.
differences in the usage of .
. [ o  The role of light was not analyzed.
library cafés.
To analyze light-use Significant improvements in the lighting
management in Portuguese conditions of school buildings are essential to
secondary school buildings, improve visual comfort, energy efficiency, and
3 Portugal . e . . . [17]
focusing on the facilities, user environmental sustainability.
behavior, and the impacts on Favorable conditions exist for making natural
energy consumption patterns. light the main light source in Portuguese schools.
Lighting, air quality, and thermal comfort play
significant roles in the quality of
. . . learning environments.
To 1c.1ent1fy relevant stu.dles Lighting and shading levels should be able to
that illustrate the benefits of .
4 - be adjusted. [18]

biophilic design specifically for
urban university campuses.

Bringing daylight into all educational areas
creates a biophilic pattern of connection to
natural systems, fostering a more productive
working environment.
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Table 1. Cont.
No. Location Aim of the Study Main Findings Reference
. To use methods to redesign a Spacious and well-designed workspaces are
> Pennsylvania, USA library facility. crucial for the users’ productivity. [19]
The quality of the indoor environment has the
greatest impact on performance in the context
To identify how the indoor of a university library, with interior design
. environment influences users’ playing a secondary role.
6 Northeast China satisfaction and performance Artificial lighting can reduce student [20]
in libraries. satisfaction, whereas natural daylight
significantly improves mental health
and productivity.
Energy efficiency should be integrated into
architectural design and layout, functional
design, structural design, system design, and
other aspects.
To analvze ener The factors that influence energy efficiency of
. iy &Y library buildings include landscape greening
7 China consumption characteristics of . 1 . . . 1 [21]
university facilities design, building orientation design, building
Y ' form design, daylighting and natural
ventilation design, outer-building envelope
design, sun-shading design, window design,
and air tightness design of doors
and windows.
The type of luminaire is the most critical
To investigate the impact of factor in determining the quantity and quality
. different design strategies on of light in an indoor environment.
8 Perugia, Italy lighting energy use and There is no single design solution to [22]
visual comfort. guarantee both low energy demand and high
visual quality.
To present an overview of A summary of methods for assessing daylight
currergc knowledge on methods perception was presented and a methodology
for assessing daylight perception for assessipg daylight perception
9 London, UK and to establish a methodology was (?stabhshed. . [23]
for assessing davlieht percention Daylight was the key factor when choosing
in th fcorie)%t o?the P the best desks in the library, with privacy,
cultural backeround outdoor views, and quietness being the next
&t ' most important considerations.
si(t) C}))fr (a)ft(r)islfuiecso‘tr)r; }sjzzhoegsli‘s]:r Lighting control aims to ensure the optimal
10 - requirements for assessing use of light to conserve energy and enhance [24]
higher-education buildings. user comfort.
The application of LED systems with lighting
energy measures can improve lighting energy
performance by up to 38%.
To assess the impacts of An increase in light levels can lead to glare
several lightin pdesi 0 and higher energy consumption, while a
11 Turkey EALTNE & higher color temperature can harm the [25]

parameters through a
simulation case study.

psychology of occupants.

A higher melanopic illuminance and/or color
temperature are required to maintain
circadian rhythms under overcast skies in
winter months.
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A reading room is a place that requires special lighting to ensure the reader’s comfort
and well-being [8]. Reading rooms vary in parameters and shape, location, number and
orientation of windows, as well as purpose. All of these indicators are important because
they form the requirements for providing optimal lighting conditions depending on the
needs of the user.

The architecture of libraries has changed considerably over the last two decades, with
new, modern libraries being designed with the main planning principle of open space and
free access to all kinds of information in mind. This has led to the emergence of a single
flexible space in the library structure, in which one functional area flows seamlessly ‘into’
another [26]. In most reading rooms, in addition to areas for concentrated work which are
characterized by a regular arrangement of desks, shelves with free access to books, coffee
tables with soft furnishings, areas for computer work, etc., are now placed. Filling the
reading room with additional functions leads to an increase in the area and volume of the
room, which requires a special approach to ensure high-quality lighting for the entire room.
On the one hand, it is necessary to ensure that natural light reaches the furthest corners
of the room, while on the other hand, over-lighting and the appearance of glare on work
surfaces close to the light source must be avoided.

Natural lighting in reading rooms can be either side or top lighting. The choice of
lighting is influenced by the size of the reading rooms and their location in the library
building. Small reading rooms, which are similar in size to residential units, can be
illuminated by windows placed at desk level, but the number, size, and shape of the
windows must meet lighting requirements that differ significantly from those for similar
residential units (the horizontal lighting factor for residential units is 0.5% and the working
area in reading rooms is 1.25%). As the area of the reading room increases, it is necessary to
increase the level of the window openings or, if planning permits, to use double-sided raised
window positions. This makes it possible to provide the necessary even lighting throughout
the hall. As far as overhead lighting is concerned, it is mostly used in large reading rooms
and, even then, only in those on the top floors of the building. The disadvantages of
such a lighting system include structural complexity, difficulty in handling and cleaning,
the possibility of condensation on the inner surface of the glass, and the danger of glare.
However, despite all shortcomings, the overhead lighting system has still found its way
into global practice [9].

Translucent structures and materials play an important role in shaping the architectural
image of a building, influencing the esthetic perception of the building in its surroundings.
They lend lightness and accessibility to the facade while protecting the interior spaces of
the premises from adverse weather conditions. At the same time, the characteristics of
transparent structures are important for the passage of sunlight through them. The most
popular light-transmitting material in architecture is glass. Glass has allowed architects to
fully express their imagination when creating a unique building image, making extensive
use of the characteristics of light and space. The nature of glass is to allow sufficient daylight
into a room, to create visual connections with the surroundings, and to give the room a
spatial infinity and fluidity. No other material gives such an immediate visual effect [27].

Manufacturers of glass materials used in the building industry today offer a wide range
of products: solar control glass, thermal insulation glass, soundproofing glass, self-cleaning
glass, toughened glass, transparent photovoltaic (PV) glass, etc. Glass can be transparent,
translucent, laminated, tinted, and even ‘smart’ [27]. Smart glass can help architects achieve
their sustainability goals by reducing the amount of electricity needed for indoor lighting,
lowering cooling costs, and promoting the health and well-being of building occupants [28].
In addition, Qahtan et al. [29] highlighted the benefits of smart glazing technologies, in
particular, polymer-dispersed liquid crystals (PDLCs), in achieving energy efficiency, visual
comfort, and environmental sustainability in building design and construction. Smart
windows can reversibly change their optical properties to adapt to changing weather
conditions or user preferences, thus providing selective and dynamic control over incoming
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solar radiation This is achieved through the incorporation of chromogenic materials such
as thermochromic, photochromic, electrochromic, and gasochromic ones [30].

To choose the right type of glass and transparent design, the needs of the room
as dictated by its function must be thoroughly understood. In addition to glass, other
translucent materials such as polycarbonate and acrylic are also used in architecture. These
are most commonly used in skylights. Polycarbonate and acrylic, due to their construction
and properties, diffuse light well, which has a positive effect on reducing direct sunlight
entering the room.

Over the past thirty years, trends in library design and construction have shown the
widespread use of translucent structures in this type of building and space. On the one
hand, this makes the library building visually attractive, open, and friendly, and its spaces
bright and pleasant. On the other hand, it is a challenge to provide comfortable lighting
conditions inside. Excessive use of translucent structures leads to overheating of the
building during the warmer seasons and causes glare on work surfaces. The solution to the
problem of overheating is to use large amounts of electricity for air conditioning, which is
energy inefficient, unprofitable, and contrary to the principles of sustainable development.
Moreover, the incorrect orientation of windows limits the amount of light that can enter on
cloudy days. The problem of excessive light is often solved with curtains or tinted films.
This contradicts the original idea of using glass in the architecture of libraries, which should
be accessible and open.

For this study, it was decided to analyze the lighting environment of the main reading
rooms of two university libraries in Warsaw. Both reading rooms are equipped with side
and ceiling lighting. However, in both cases, different types of translucent structures are
used, which affects the glazing area. Thus, the main objective of this study was to find
the relationship between the parameters of the interior space of the reading room and
the geometry of the translucent structures, and their influence on the efficiency of the
daylighting of the libraries in the natural conditions of Warsaw.

2. Materials and Methods

This study was conducted in two university libraries in Warsaw, Poland: The Li-
brary of the Warsaw University of Life Sciences (SGGW) and the University of Warsaw
Library (UW).

In the first stage of this study, data from the scientific literature on the physical proper-
ties of daylight [31] and the technical properties of translucent structures and materials [32]
were analyzed and systematized. The highlighting of key information and the identification
of gaps in the literature allowed for a critical look at the topic.

The next step was to analyze the technical documentation of the library buildings,
which included architectural drawings of plans, facades, and cross-sections, structural
diagrams, and a description of the construction and technical features of the rooms in use.

An important stage of this study was to conduct a field survey. The survey was
conducted on the most cloudy and sunny days of February 2024 between 11:00 a.m. and
2:00 p.m. This study was preliminary and allowed us to become acquainted with the light
environment of libraries in Poland. On-site inspections of library premises began in Febru-
ary 2024. The time for studying the illumination of reading rooms was chosen according
to the largest angle of the solstice and according to the recommendations presented in
specialized publications [33,34]. This study was performed in the main reading rooms of
each of the libraries, and the subjects of the field research were the transparent structures
and materials through which daylight enters the rooms. The lighting condition of the
reading rooms was recorded with a Canon EOS 6D camera with a Canon TS-E 17 mm lens.
The use of professional photographic equipment made it possible to capture the lighting
with maximum accuracy in different weather conditions and at the chosen time of the day.

The light environment of the reading rooms was photographed when the camera was
set to manual mode. The technical parameters of the camera were set in such a way as to
reproduce as accurately as possible the state of illumination of the premises of the reading
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rooms. To photograph the lighting of the SGGW library reading room on a cloudy day,
the ISO was 1000, the aperture was 8, and the shutter speed was 1/30. To capture the
lighting of the UW library reading room on an overcast day, the ISO was 320, the aperture
was 8, and the shutter speed was 1/30. To capture the lighting of the UW library reading
room on a sunny day, ISO was 100, the aperture was 8, and the shutter speed was 1/30.
A photograph of the reading room lighting of the SGGW Library on a sunny day did not
show significant changes and was therefore not taken into account in the presentation of
the research results in this article. All image files were made in RAW format.

2.1. Room Orientation

The illumination of a building’s interior is variable and dependent on external factors
such as weather, season, time of day, etc. Therefore, an important element in the design of
any building is the orientation of its rooms in relation to the cardinal points. At the same
time, the destination of the premises must be considered. North is generally considered the
best side for a reading room, as this orientation makes it possible to provide diffused light
and avoid direct sunlight entering the room. It can be seen from Figure 1 that the north
fagade of the building receives sunlight only in summer: in the morning and the evening.

NORTH
o
J’"Ie 63;,\‘,‘: )
@ N
I, 4 2 5 P
by 2 0.04 ")D«QQ

a\}
Pri| AR
Uguse 19,9, 5 00 Aug®
March - e = March
Septembe 18.00 oil';::;ltl;qg)e 6.00 September
7.00 F
_oenary 17 00 0 Feby,
¥ e(‘)):,:‘ﬂber O(‘( ob;ry
&
160 ®, %
S 1550 O oy,
W No,, %y,
eq% ‘0"( 06 ”g,']b.l’
$Oe¢e“\ \ Cenyy, et
N - €
> S 2 A}
Sy, S o0 T ° &¥
/"S@ h E 0@@

Figure 1. A diagram for determining the optimal orientation of the building according to the cardinal
directions (our own interpretation based on [35]).

When determining the correct orientation of a room, the number of sunny days per
year is also important. The higher the number, the more direct sunlight will enter the
building, which can have both positive and negative effects on its functioning.

Warsaw is located in a temperate transitional climate zone. Throughout the year,
continental and oceanic air masses flow over the city, which results in a wide variety of
weather conditions within Warsaw [36]. The amount of sunlight in the city varies according
to the season. This study presents indices of the number of hours and days of sunshine in
Warsaw (Tables 2 and 3). From the data provided, it can be seen that the greatest amount
of sunshine occurs in summer. In July, the city receives an average of 295.4 h of sunlight.
During the year in Warsaw, cloudy days far outweigh sunny days. The monthly number of
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sunny days ranges from 0.9 to 3.6, while the number of cloudy days varies from 3.6 to 18.7.
Warsaw has an average of only 28.4 sunny days per year, which is only 8%.

Table 2. The sum of sunshine hours in Warsaw (according to [37]).

i Yl E
> E\ - v - v ()
e 2% 0 % 3 ¢ =2 B %t 2 % %
Characteristics g 5 < o S 5 = oo ] £ 5] 3]
) S < [l —_ ] = [3] > o
= v < = o) )
= o) z A
Maximum 71.8 109.5 214.9 317.5 356.5 390.2 437.5 345.7 298.5 196.1 90.3 67.6
Average 44.6 66.5 139.4 210.1 2724 288.8 2954 280.2 193.1 122.6 50.6 33.6
Minimum 12.2 16.5 74.3 96.0 134.5 164.4 148.6 187.1 79.3 471 22.7 4.7
Table 3. Average value of sunny and cloudy days in Warsaw (according to [37]).
Yl i E
oy - v - ) o
B f £ = & ¢ =2 ¥ T £ £ %
Characteristics 2 = < o s ] = & g £ o 5]
= g = = = = i = & & B
= wn Z Q
Sunny days 14 1.7 3.2 3.2 2.6 1.9 24 35 3.6 2.8 0.9 1.2
Cloudy days 17.5 14.5 10.5 6.9 52 45 4.1 3.6 6.4 9.5 16.9 18.7

2.2. Parameters of Room Geometries and Translucent Structures

The distribution of daylight and its direction are the main determinants of visual
comfort and comfort indicators, which are brightness and illumination [7]. The quality of a
building’s interior lighting depends on its architectural design, the geometry of the space,
the size and material of the transparent structures, and the characteristics of the surfaces on
which the light falls.

This study focuses on determining the geometric parameters of the main reading
rooms at the SGGW and UW Libraries. The geometric parameters of the interior space of a
reading room include the room’s width (Wrr), depth (Drr), and height (Hrr). This study
also defines the geometric parameters of the transparent structures, which include the
structures” height (Hts), the structures” width (Wts), windowsill height (Hws), the number
of windows (Nw), and the number of window cells (Nwc). These parameters enabled the
calculation of the room’s floor area (Arr), the room’s volume (Vrr), the glazing area (Ag),
and the ratio of the semi-transparent structure area to the floor area (RtsF).

By comparing the results of the geometric calculations with field studies, it was
possible to assess the efficiency of the use of horizontal rows of windows in glass wall
construction and the efficiency of the use of punctual skylights in flat roof construction.

This study also analyzed the physical and mechanical properties of various types of
semi-transparent materials used in reading rooms.

3. Results
3.1. The Main Reading Room of the SGGW Library

The Library of the Warsaw University of Life Sciences (SGGW) is an important struc-
tural component of the university campus, which is spread across the Ursynéw district in
Warsaw (Poland).

The library building is adjacent to Nowoursynowska Street, surrounded by university
buildings and a complex of student dormitories (Figure 2, Table 4). This location makes the
library an active participant in the educational process, fostering continuous interaction
with students and lecturers.
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Figure 2. The location of the SGGW Library: (a) a view of the library building from the southeast [38];
(b) the ground floor plan of the library building.

Table 4. Source data for SGGW library project; own research.

Description Data
Address Nowoursynowska St. 161, Warsaw, Poland
The distance from the city center 8.5 km, convenient connection with the city center
Location On the campus of SGGW
Project developer Architect: St. Fijalkowski. General Design Office “Budepol”
Implementation of the project 1996-2006
The building area 2310 m?
The number of floors 2 above ground
The number of reading rooms 4
The total area of the reading rooms ~1200 m?

The library building, designed by architect St. Fijatkowski, was constructed in three
stages—from 1996 to 2006—as evidenced by its volume, divided into two square buildings
with separate entrances. One building has three floors, while the other has two floors. The
buildings are connected at the first-floor level by a covered passageway. The building has a
surface area of 2310 m? [39]. The library structure comprises four reading rooms with a
total area of approximately 1200 m?. This study was carried out in the main reading room,
located on the first floor of the two-story part of the building. The reading room has a
rectangular shape, measuring 19.6 x 32.4 m with a height of 4.6 m [40,41]. The area of the
room is 635 m? and its volume is 2921 m?.

The exterior of the building uses a mullion-transom glazing system, which is one of
the most popular methods for creating glass fagades due to its technical properties and
affordability [42]. The fagades are decorated with glass, giving the impression that the
building is made entirely of glass. However, only part of the glass acts as a semi-transparent
material, allowing natural light to enter the rooms.

The rest of the glass is used as finishing material to cover the wall structures. The hall’s
windows decorate two fagades facing northeast and northwest. This orientation maximizes
the amount of direct sunlight entering the room. On the one hand, this is a good solution
because it prevents glare on work surfaces and provides diffused light in the hall. On the
other hand, given the size of the hall, this orientation does not provide an adequate level
of interior lighting, especially in cloudy weather, despite the large number and size of the



Energies 2024, 17, 3007

9 of 20

windows. Figure 3 clearly shows that the reading room is well lit near the windows, but
poorly lit on the opposite side.

(@) (b)

Figure 3. SGGW library reading room: (a) view from window side; (b) view from entrance side.
Author: 1. Voronkova.

There are 11 windows on the northeast side of the room and 21 windows on the
northwest side. The windows are placed close together, forming two long rows on each
side, taking up almost the entire wall area. Each window is 1.5 m wide and 3.05 m high.
The windows are positioned 1 m above the floor. Each window consists of three sections:
two narrow 0.55 m high sections (both of which can be opened) and a 1.95 m high section.
The structure of the window consists of a metal frame (with a frame profile width of 50 mm
and a thickness of 28 mm) into which a double-glazed window with two panes is inserted.
The double glazing consists of two panes of different types of glass. The outer pane, facing
the street, is made of 6 mm thick Stopsol Classic Green reflective glass, while the inner
pane, facing the interior, is made of 4 mm thick Termofloat glass.

The reflective glass acts as a barrier, controlling the amount of heat energy emitted
by the sun due to its low solar coefficient. The pane is coated with a special film that
reflects sunlight and protects the building from excessive solar radiation, reducing cooling
costs. Additionally, the highly reflective coating creates a mirror-like surface effect that
provides excellent privacy, which is why it is actively used in fagade glazing. From
the inside, however, the glass appears transparent, allowing an undistorted view of the
outside [43-45]. The main characteristics of the reflective glass are shown in Table 5.

Table 5. A summary of the light, solar, and thermal properties of the Stopsol products of 6 mm
thickness (according to [44]).

. Light Reflection Light . Energy Energy
Proverties Tran];:rgﬁhstsion on the Coating Reflection on ]Pr:;::n]ig:lrfz Reflection on the  Reflection on Normal
P o 4 Side, the Glass Side, o 4 Coating Side, the Glass Side, Emissivity
’ % % ° % %
Value 31 34 20 22 28 11 0.89

Thermofloat glass, also known as low-emissivity glass, is used to retain heat in a room.
The surface of Thermofloat glass is coated with a special layer that reflects long-wave heat
radiation while allowing the same amount of daylight to pass through like it would through
normal transparent glass. This feature increases the thermal insulation of the window and
has a positive effect on both heating costs and user comfort [46].

In addition to the front windows, the reading room is equipped with skylights installed
in the ceiling, allowing additional daylight to enter. This design feature is possible because
there are no other rooms above the reading room and the hall’s ceiling forms a flat roof.
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The skylights are grouped into three rows (with eight units in each row) and placed on
the opposite side of the hall from the windows. The dimensions of each skylight are
1.2 x 1.2 m, with a depth of 2.5 m [41]. These proportions suggest that the skylights are
insufficient to provide adequate daylight to the room, as the intensity of light decreases
over such a long path, creating a “well” light effect (Figure 4).
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Figure 4. SGGW library reading room: (a) floor plan; (b) skylight cross-section. Author: I. Voronkova
(own study based on [41]).

The top of the skylight is covered with a cellular polycarbonate sheet and a polyester
panel. Cellular polycarbonate is a lightweight and practical material that is resistant to
adverse weather conditions and has a special UV coating that allows only sunlight to pass
through [47,48].

Cellular polycarbonate sheets and polyester panels diffuse sunlight due to their cellular
structure and matt surface, providing soft and even illumination of the room. However,
due to the considerable depth of the skylight opening in the ceiling of the SGGW library
reading room, this function is not fully exploited. In addition, each skylight opening is
fitted with an artificial light source from below a pendant lamp with a round shade that
covers part of the opening, further restricting the amount of natural light entering the
reading room.

Despite all of the advantages of the window design of the reading room which adorns
the fagade and roof of the SGGW Library, their size, number, and light and heat transmission
properties still do not provide an adequate level of natural lighting. In this case, the main
drawback is the orientation of the windows, which does not work well in Warsaw due to
the relatively few sunny days per year.

3.2. The Main Reading Room of the University of Warsaw Library (UW)

An important functional element within the structure of the university is the University of
Warsaw Library (UW), with its buildings spread across three districts in Warsaw, Srédmieécie,
Ochota, and Stuzewiec, as well as outside the city and even beyond Poland’s borders [49].
The analyzed UW Library is located in the central part of the city—Srédmiescie—on a 3.3 ha
plot, following the development plan for Srédmieécie designated for University of Warsaw
buildings and green areas [50].

The area of the UW Library is bordered by Dobra, Lipowa, and Wybrzeze Kos-
ciuszkowskie Streets and is surrounded not only by university buildings but also by
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other types of facilities: residential buildings, shops, restaurants, beauty salons, etc. It is
close to the Copernicus Science Centre and the Old Town with the Royal Castle. The UW
Library’s location not only makes it an important participant in the educational process,
but also promotes active interaction with the city’s community (Figure 5).

Figure 5. The location of the UW Library: (a) a view of the library building from the southwest [51];
(b) the layout of the UW library building.

The library building at the University of Warsaw was built between 1993 and 1999
based on a design by architects Budzynski and Badowski in cooperation with the then
Director of the Library, Kobierska-Maciuszka (Table 6).

Table 6. Source data from University of Warsaw Library (UW) project; own research.

Description Data
Address Dobra St. 56/66, Warsaw, Poland
The distance from the city center 2.1 km, convenient connection with the city center
Location In the center of the city
Project developer Architects: M. Budzynski, Zb. Badowski
Implementation of the project 1993-1999
The building area ~14,450 m?
The number of floors 4 above ground and 2 below ground
The number of reading rooms 12
The total area of the reading rooms ~3200 m?

The building is divided into two parts: the library part, where the main library
operations take place, and the commercial part, where rental offices, bookshops, agencies,
and cafés are located. The two parts are connected by an “alley”, which serves as a public
space and is used for various social events. The building has four aboveground levels and
two underground levels. The floor plan of the building is approximately 129 x 112 m, with
a total area of approximately 14,450 m? [50]. The main attraction of the library is the roof
garden—one of the largest and finest roof gardens in Europe [52,53].

The UW library building is mainly made of concrete. Its fagades are richly decorated
with large windows, not only in the walls but also around the perimeter of the roof. In
addition to the windows, one-third of the roof area is occupied by skylights which provide
natural lighting for the “alley” inside the building, the library’s main information hall, the
main reading room, the periodicals room, the special collections room on the top floor, as
well as the underground car park entrance, staircases, boiler room, kitchen, etc. [50].
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The structure of the library comprises twelve zones with a total area of approximately
3200 m? designed for interaction with the library’s collection. This study was carried
out in the main reading room, located on the second floor of the building. The reading
room is rectangular, measuring 19.0 x 28.8 m, with a height to the highest level of over
12.5 m [50]. The floor area of the first level of the room is approximately 550 m?, with a
volume of approximately 5965 m3. The reading room has two levels, the second of which is
a mezzanine floor with individual workstations.

The reading room has no windows. On the northwest side, the building has a semi-
structural wall which, through the use of curved glass at the junction, flows seamlessly into
a double-pitched glass roof. Given the amount of glazing (over 125% of the floor area) and
the orientation of the transparent structure, it is clear that the reading room has a high level
of natural light.

High-quality lighting is best achieved when the sky is overcast and direct sunlight
is not entering the room. The room is then filled with soft, diffused light, which, given
the primary function of the reading room—working with printed materials and using
computers—is the most comfortable light for the human eye. In sunny weather, however,
direct sunlight passes through the glass roof, causing glare not only on the walls but also
on the working surfaces of the desks. This leads to overheating in the lit part of the room,
creating uncomfortable conditions for concentrated mental and visual work. The difference
in natural light intensity in the UW library reading room under different weather conditions
is shown in Figure 6.

Figure 6. The natural light intensity in the reading room of the UW Library under different weather
conditions: (a) on a cloudy day; (b) on a clear day. The photo was taken from the mezzanine of the
reading room. Author: I. Voronkova.

The semi-structural wall of the reading room at Warsaw University Library consists
of aluminum brackets with seals on the inside of the wall. As a result, only the glass is
visible from the outside. The height of the glass wall (over 8 m from the inside) requires
the use of steel columns with diameters of 150 mm and 70 mm to reinforce the wall from
the inside. The glass wall rises 0.80 m above the floor and is divided into 53 sections
by a frame. Of these, 27 sections are double-glazed windows measuring 1.85 x 2.10 m,
6 sections are double-glazed windows measuring 0.95 x 2.10 m, and 20 sections are curved
glass measuring 0.95 x 2.20 m (Figure 7). The glass used is reflective with a low solar energy
transmittance (g = 24%). Information on the use of low-emissivity glass in the double-glazed
windows to retain heat in the room is not available to the authors of this study.
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Figure 7. UW library reading room: (a) floor plan; (b) view of semi-transparent structures: glass roof
above and glass wall below. Author: I. Voronkova.

As mentioned above, in addition to the design of the glass wall structure, the reading
room is also illuminated by a skylight in the form of a glass roof that covers the entire area of
the room. The roof is supported by a specially designed structure of steel tubes coated with
fire-resistant protective coatings. The design is “organic” in style, resembling the shape of
branching trees. The glazing of the skylight meets the basic requirements of reliability, light
transmission, and thermal insulation. The skylight structure uses double-glazed windows
with two layers of grey-green glass.

The outer glass is tempered (ESG), while the inner glass is laminated (VSG). ESG-
tempered glass has increased impact resistance, reducing the risk of breakage. It is five to
seven times stronger than ordinary glass and shatters into small, safe pieces when damaged.
In addition, the upper pane is coated with a special film that reflects sunlight, giving the
skylight a mirrored appearance from the outside. Laminated VSG glass is also designed
with durability in mind. It consists of at least two layers of glass bonded together with a
polyvinyl butyral (PVB) film, which gives it increased resistance to breakage and allows it
to retain its shape in the event of damage [54].

The use of durable glass on the roof makes it safe to walk on. At the same time,
manufacturers of such double-glazed windows claim that their product effectively retains
solar energy, which has a positive effect on the air conditioning of the room. Given the
physical properties of the glazing unit, characterized by indicators such as a U-value of
1.1 W/m?K, a solar factor (g) of 24%, and a light transmission (LT) of 42%, direct sunlight
entering the room should be minimal. However, these indicators do not seem to hold up in
the actual situation shown in Figure 6b.

Table 7 shows the main architectural and structural parameters of the reading rooms
studied. From the table, it can be seen that with a slight difference in floor area between the
two rooms, the lighting levels vary significantly. This is mainly because the glazing area in
the reading room of the UW Library is almost four times larger than the glazing area in
the reading room of the SGGW Library. Another no less important criterion for increasing
the lighting level is the height of the room, which has a direct effect on the volume of the
room. The height of the UW reading room is almost three times greater than the height of
the SGGW library reading room, and the volume is twice as large.
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Table 7. A comparison of architectural and construction indicators for the SGGW and UW reading

rooms,; source: own research.

N SGGW Reading Room UW Reading Room
Wrr 19.6 m 28.8 m
Drr 324m 19.0m
Hrr 4.6m 125 m
Hws 1.0m 0.8m
Arr ~635 m? ~550 m?
Vir ~2921 m3 ~5965 m?
Nw Windows: 32 Glass wall: 53 glass units
Skylights: 24 Glass roof: 320 glass units
Ag ~172 m? ~700 m?
RtsF ~27% ~127%

Table 8 presents the main architectural and construction indicators of translucent
constructions of reading rooms. The table indicates the type of translucent structure (Tts),
number of windows (Nw), window height (Hw), window width (Ww), window length
(Hw) (for skylights and glass roof), glazing area (Ag), and translucent material (Mt).

Table 8. Comparative table of architectural and construction indicators of translucent structures of
SGGW'’s and UW’s Library; source: own research.

N SGGW Reading Room UW Reading Room
Type-I translucent structures
Tts Windows Glass wall
Nw 32 53 glass units
2.10 m (27 units)
Hw 295 m 2.10 m (6 units)
2.20 m (20 units)
1.85 m (27 units)
Ww 145 m 0.95 m (6 units)
0.95 m (20 units)
Ag 137 m? 159 m?
Mt Reﬂectlye .gl.ass Reflective glass
and low-emissivity glass
Type-II translucent structures
Tts Skylights Glass roof
Nw 24 320 glass units
1.13 m (120 units)
Lw 120m 2.16 m (200 units)
Ww 1.20m 0.95 m
Ag 35 m? 540 m?
Mt Cellular polycarbonate sheet Tempered glass

and polyester panel

and laminated glass

4. Discussion

Natural lighting is an integral part of the physical environment of any space. Providing
high-quality daylight helps to create a comfortable environment for productive work and



Energies 2024, 17, 3007

15 of 20

effective relaxation. Therefore, providing optimal levels of natural light in library reading
rooms requires increased attention.

To date, many studies on lighting in different types of buildings have focused mainly
on improving environmental quality and increasing energy savings [55]. Most existing
research emphasizes artificial lighting and energy consumption [56]. Separate studies focus
on evaluating and improving natural lighting in residential and educational spaces.

However, few studies assess the lighting environment in libraries, in particular, reading
rooms [57,58]. Therefore, studies on natural lighting in reading rooms need to be further
investigated and refined. In addition, architectural norms and standards do not provide
specific suggestions for the organization of daylight in libraries, especially in reading
rooms. The few guidelines that do address reading room lighting often overlook the
physical parameters of the space and the natural conditions in which these rooms are
located. Therefore, to improve the efficiency of natural lighting in reading rooms and
save energy costs due to heating and air conditioning, it is crucial to study the specifics
of organizing daylight in this type of space, based not only on an understanding of the
physical properties of light, but also on taking into account the physical parameters of
the spaces, the natural conditions in which they are located, and the physical-technical
characteristics of different types of glass and semi-transparent structures [59].

Given the important role of the library in the educational process, bright and spacious
reading rooms are essential for its proper functioning. If they are well organized and well
lit, they can be actively used as a primary space for individual and group study, for working
with library collections and personal materials, for concentrated work, and for meeting
friends. Therefore, the reading room is (or should be) the most desirable type of space in
the library.

The principle of participatory design emphasizes involving stakeholders, including
future users, in the design process [60]. Integrating user feedback during library design
is crucial for creating spaces that truly meet the expected needs. A library designed with
participatory principles creates an environment that may be not only visually appealing
but also conducive to learning, relaxation, and social interaction. Nevertheless, some
studies indicate that there are notable differences between the views of experts (architects
and civil engineers) and the experiences of actual building occupants. Bridging the gap
between expert perspectives and the real-world experiences of occupants could help guide
the development of building environments that are more effective, sustainable, and user-
friendly [61].

The quality of natural lighting is crucial to meeting users’ needs, maintaining physical
and mental health, and reducing the overall energy consumption of the building. Therefore,
this study considered the physical-technical parameters of the reading rooms, namely the
room dimensions (width, length, height, area, volume), type of natural lighting (side, top),
type of translucent structure (window, wall, skylight), sizes of translucent structure (width,
length, height, area), ratio of glazed area to room area, and physical-technical properties of
different types of semi-transparent materials (glass and fiberglass). All of these parameters
have a significant impact on increasing the level and improving the quality of natural
lighting in reading rooms.

For example, this study suggests that to improve the effectiveness of natural lighting
in the SGGW library reading room, it would be necessary to increase the height of the
room and the height of the windows. Given the orientation of the windows, increasing
their height would allow more diffused daylight to penetrate deeper into the room without
causing problems with excessive brightness or glare on work surfaces. This would minimize
the need for artificial lighting. Another solution to improve the lighting conditions in the
SGGW library reading room could be to reduce the depth of the skylight. This would
maintain the intensity of natural light as it passes through the translucent material into
the room, making it more effective. In the case of the reading room at the UW Library, the
main problem is reflection on the desktops. This is because direct sunlight enters the room
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through the double-sloped glass roof, specifically the sloping roof surface on the southeast
side. If the roof was single-sloped and facing north, there would be no problem with glare.

Glare is a critical problem in many spaces, often caused by natural lighting. However,
reflections on the glass fagades of buildings can be extremely dangerous for the climate and
for people. The sun’s scorching rays, combined with the concave shape of buildings and
the reflective coating of their facades, can turn into death rays that burn everything in their
path. For example, the glass coating on the fagades of the Vdara Hotel in Las Vegas and
the Skyscraper in London reflects the sun’s rays and the concave shape of the buildings
directs the rays to a single point. The surface at this point is heated to an extremely high
temperature, melting not only plastic but also metal parts [62]. Unfortunately, there are
many such dangerous objects in architectural practice. In addition, the sun’s rays reflected
from glass facades heat the surrounding air, contributing to global warming and moving
away from sustainable development.

The effect of solar glare can be minimized by using a special type of translucent
material. An alternative to ordinary glass is highly reflective glass. However, as this study
shows, not all is clear-cut. As mentioned earlier, the most popular material for solar shading
is reflective glass, which is used in both libraries studied. Given that the reading room
windows in both libraries face north, the use of reflective glass is not functionally justified.
Instead, a more decorative approach to facade design was taken, focusing on the reflective
effect of the surroundings. This enhances the modernity of the architectural image and
gives it a sense of mystery.

On the other hand, the use of glass with low light transmission does not prevent
bright reflections on the work surfaces in the reading room of the University of Warsaw
Library. This suggests that the technology for producing solar control glass needs further
research and improvement. An alternative is smart glass (or electrochromic glass), which
changes from semi-transparent to transparent and vice versa when an electric current is
applied, without changing the light transmission [27]. Electrochromic glass can be part
of a healthy building strategy, providing access to daylight throughout the day without
glare or excessive heat [36]. By optimizing heat exchange, smart glass reduces the load
on heating, ventilation, and air conditioning systems, contributing to energy savings and
building energy efficiency [57].

This study has shown that in Warsaw’s weather conditions, where there are only a few
sunny days a year, the optimal solution for the design of library reading rooms is to increase
the ratio of glazed area to room area. The most popular and reliable semi-transparent
material is glass. To maintain comfortable thermal conditions, the best approach is to use
double-glazed windows with different types of glass; to avoid overheating, reflective glass
is recommended, and to retain heat in the room, low-emissivity glass is suggested. Both
types of glass can be fire-resistant and, if necessary, toughened for added durability.

Visual comfort and energy efficiency are therefore critical elements in the lighting
design of any space, including library reading rooms. Several factors, highlighted in this
study, should be considered to achieve optimum natural lighting levels and reduce the
energy costs of running a building.

5. Conclusions

Daylight is natural and does not produce a stroboscopic effect, making it particularly
valuable for reading room lighting. It has a positive effect on the physical and mental health
of users. Natural light has unique physical properties that offer significant advantages
over various artificial light sources. At the same time, natural lighting has considerable
variability, which can pose a challenge when organizing it within a building. The right archi-
tectural parameters and the geometry of transparent structures can be effectively integrated
into the design process, contributing positively to the creation of a comfortable lighting
environment through architecture and design. In addition, improving natural lighting
conditions can improve the performance of a space and reduce electricity consumption.
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Providing visually comfortable lighting for reading rooms should become a priority
task during the design of library buildings. At the same time, it is crucial not only to
anticipate users’ qualitative and quantitative needs, such as the type of activity (focused
work with printed text, computer work, or quiet reading), work duration (long-term or
short-term), work time (morning, noon, or evening), but also to consider the architectural
image of the library (building and room geometry), as well as the natural and climatic
conditions of the location (air temperature, amount of solar radiation, and day length).
Taking all of these factors into account will help make the right decision regarding the
building’s orientation and application of the most efficient type of transparent structures
and materials.

There is no doubt about the need to install transparent structures in reading rooms.
They are an effective way of letting daylight into the room and maintaining visual contact
with the surroundings. In addition, transparent structures are an integral part of the library
building envelope and are the main points of heat accumulation and loss. The choice
of the right type of transparent structure and the material to fill it should therefore be
based primarily on consideration of the needs of the reading room in terms of filling its
spaces with soft and diffused light to ensure high-quality functionality, as well as on an
analysis of the natural and climatic factors and the physical-technical indicators described
in this study.

Modern library buildings can serve as examples of sustainable development and
energy efficiency, actively using natural light to illuminate spaces, consuming energy with
minimal environmental impact, and making a positive contribution to human life.
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