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ABSTRACT

With the growing urgency to reduce carbon emissions in the built environment, enhancing daylight availability in historic buildings
has become a critical and challenging task due to the required balance between environmental sustainability objectives and cultural
heritage conservation principles. This paper presents a systematic and critical review of 54 studies focusing on daylight
enhancement strategies in historic buildings, published between 2000 and 2025. Following the PRISMA scoping review method,
this review investigates intervention challenges according to three primary constraints: regulatory and conservation limitations,
material and structural constraints, and climate-responsive requirements. By mapping currently employed daylighting techniques
in historic buildings and critically assessing their underlying assumptions, this study aims to bridge the gap between performance-
driven daylighting research and cultural heritage preservation principles. The findings are intended to promote multidisciplinary
discourse and serve as a basis for creating contextually acceptable, ethically responsible, and technically feasible daylighting

recommendations for historic buildings.

Keywords: daylighting strategies, visual comfort, historic buildings, architectural heritage

1.INTRODUCTION

The built environment accounts for about 40% of carbon emissions
related to energy across the world [1]. Given the increasing impacts
of climate change, this highlights the critical necessity of
emphasizing sustainability in the architectural context. Research
demonstrates that conserving existing buildings leads to much
lower environmental impacts compared to construction of energy-
efficient new buildings, thereby supporting both environmental
and cultural sustainability [2]. This is largely because most of the
buildings’ carbon emissions are related to the energy used for
heating, cooling, and lighting [3]. Therefore, integrating
sustainable principles into the conservation of historic buildings
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not only honors their legacy but also allows them to adapt to
contemporary needs while maintaining their inherent value [4].

Among various strategies, daylight optimization is not only an
energy-saving measure, but also a key to maintaining the spatial
integrity and authenticity of interiors. Daylight, which includes
sunlight, skylight, and their reflections from surrounding surfaces,
is a crucial element in creating healthy indoor environments and
has an important role in forming the built environment [5].
Considering that people spend most of their time indoors for
activities such as work, education, living, socializing, and
circulation [6-8] ensuring efficient and well-balanced daylighting
provision becomes crucial. When carefully designed, daylight can
improve physical, comfort;
productivity; and reduces dependence on artificial lighting, thereby
reducing energy consumption [9-11].

Achieving environmental sustainability in historic buildings
requires addressing several important factors including optimizing

mental and visual increases
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Table 1. Searched keyword groups on Google Scholar.

Group No. Keywords

1st group historic (AND) building (AND) daylight

2nd group historic (AND) building (AND) natural (AND) light
3rd group heritage (AND) building (AND) daylight

4th group heritage (AND) building (AND) natural (AND) light
5th group traditional (AND) building (AND) lighting

daylight availability, providing uniform daylight distribution,
minimizing energy consumption, and preventing excessive solar
gain [12]. To solve daylight-related problems, design strategies like
optimizing the WWR, altering glazing types, installing daylight-
directing elements or using exterior shading elements are often
necessary. These methods often work well for contemporary
buildings, but historic buildings need to be handled with caution
due to their cultural and heritage value. Maintaining the
authenticity of these buildings requires stricter restrictions on
interventions like adaptive reuse and renovation, with each
intervention needing careful consideration to preserve the
buildings’ historical integrity [10,13].

Although the studies on daylighting strategies are increasing,
most of them focus on general design principles or evaluation
interventions in contemporary buildings. Historic buildings,
however, present unique challenges due to regulatory restrictions,
their built techniques, and climate-dependent constraints. While
some research has addressed daylighting in historical contexts,
there is still a lack of systematic and critical reviews that examine
how such interventions align with conservation principles and
architectural values. Any intervention must be reasonable in terms
of the building’s original design, materials and structural systems
(architectural integrity) [14], minimizing permanent impact as
much as possible, enabling the building to be returned to its prior
condition (reversibility) [15], and applying contemporary
interventions in an integrated and harmonious way (compatibility
with heritage values) [16]. Without addressing these issues,
improvements in environmental performance could compromise
the cultural and architectural integrity of historic buildings. Given
the importance of this topic, this study aims to critically review
daylight enhancement strategies for historic buildings, focusing on
their architectural integrity, reversibility, and compatibility with
heritage values. The objective of this scoping review is to
consolidate and critically map existing research in order to guide
future design interventions that necessitate both improved
environmental performance and the conservation of architectural
and cultural heritage.

2. METHODOLOGY

The review is organized around three core challenges: (1)
regulatory and conservation limitations, (2) structural and
material constraints, and (3) climate-responsive needs. Within this
framework, key daylighting strategies - glazing, shading, and

roof-based systems are examined within the discussion of each
specific challenge, assessing their daylighting performance
potential. This review follows a scoping review design, using
PRISMA only as a reporting framework [17]. This method, which
has been widely used in several studies focusing on light in
architecture [18-20] was chosen, because the aim was to identify,
map, and discuss the concepts and characteristics in the relevant
literature, rather than to answer a specific research question asin a
systematic literature review [21].

The first author performed the review by using English keyword
searches as given in Table 1. The interdisciplinary focus of this
study on daylight enhancement in historic buildings necessitated
access to a wide range of literature, including case studies from
real-world retrofits, architectural science, and conservation
theory. Google Scholar was purposefully chosen as the main search
tool because, although traditional databases like Scopus and Web of
Science are skilled at indexing peer-reviewed journal articles, it
also retrieves important but frequently overlooked gray literature
that is crucial to our research. This
proceedings, theses, and book chapters addressing vernacular
architecture and local regulations.

The literature review process was conducted over an extended
period, from January 2023 to July 2025. For each keyword group,
the first 40 pages were scanned on Google Scholar. Fig. 1 shows the
selection process of the reviewed studies and an illustration based
on the Prisma flow diagram. First, the studies were excluded if they
(1) were written in languages other than English, (2) did not
address buildings with historic value, (3) lacked full-text
availability, (4) did not include simulation-based case studies, and
(5) focused mainly on energy consumption, restoration,
engineering, or only artificial lighting. A total of 197 studies were
initially reviewed. Second, 153 of them were excluded as they did
not focus on daylighting interventions and/or they focused solely
on artificial lighting. The original dataset consisted of the
remaining 44 studies. Throughout the review period, new
publications identified via Google Scholar Alerts were continuously
screened, and those meeting the specified criteria (10 studies) were
incorporated into the dataset. In total, 54 studies were reviewed
thematically. Out of 54 studies, majority of them (37) were
published as journal articles (68%), while 12 were presented as
conference or symposium publications (22 % ). The remaining
studies include 2 book chapters, a master’s thesis, a doctoral
dissertation, and a research report.

includes conference
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Fig. 1. PRISMA-based flow diagram illustrating the selection process for the literature review.

3.REVIEW RESULTS

A structured data extraction table was developed summarizing each
study’s climate context, building function, conservation status,
construction period, and the daylight metrics employed Table 2.
This allowed for consistent cross-case comparison and helped
identify patterns and gaps within the reviewed literature.

The largest proportion of studies was conducted in Italy,
accounting for 20.83% of the total. This was followed by China and
Egypt, each contributing 10.42%. Research carried out in Iran
represented 8.33% of all studies, while those originating from
Turkey and the United States each comprised 6.25%. In contrast, a
considerable number of countries were represented by only a single
study; together, these 18 countries made up 37.50% of all studies
included in the review. The review shows that the tropical climate
is the most common climate mentioned in the studies, making up
25% of all identified climate references. It is followed by temperate,
Nordic, and desert climates, each representing 8.33% of the total.
Many other climate types -such as subtropical monsoon humid,
subtropical humid, Mediterranean, hot climate, hot-arid climate,
climate, continental, subtropical
continental, Eastern Mediterranean, and Dubai climate appear

semi-arid transitional

only once. In addition, in 30 out of 54 studies, climate type was not
mentioned, meaning that more than half of the studies lacked
information about climate conditions. When the geographical and
climatological classifications of these unspecified locations are
considered, 19 of them fall into warm or temperate climate zones,
while 7 are in cold or cool climate regions. This distribution shows
that most studies focus on buildings in Mediterranean, subtropical,
and tropical climate zones, while fewer studies examine examples
from cold or continental climates.

The building functions show a clear focus on residential and
cultural uses. Out of 54, 14 buildings (26 %) are residential, 9
buildings (17%) are exhibitional, 8 buildings (15%) are educational,
7 buildings (13 %) are commercial, and 7 buildings (13% ) are
working spaces. The remaining 9 buildings (17%) include 4 palaces,
2 libraries, a bathroom, a welfare institution, and a train station.
This distribution suggests that the reviewed research mainly
concentrates on daylight performance in residential, cultural, and
educational buildings. Notably, 37% of the studies did not provide
any information on the construction period of the examined
buildings. Among those that did, 13 buildings were identified as
dating to the early 20th century, while 2 were built in the late 20th
century. In addition, 9 buildings were found to originate from the
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19th century, and 10 others were built prior to the 19th century.
Only 15 out of 54 reviewed studies (28%) explicitly identified the
conservation status of buildings (e.g., listed, unlisted, or
registered), even though this factor directly affects the feasibility
of interventions. Moreover, only 4 studies [22-25] consider
conservation constraints by referring to policy documents and
daylight performance in an integrated manner, even though this
relationship is essential for determining which interventions can
be realistically applied in protected buildings.
Methodologically, most studies (56%) rely on only static daylight
metrics such as Illuminance and Daylight Factor (DF), which fail to
capture the seasonal changes of daylight. Table 2 highlights a
misalignment between climatic contexts and the daylight metrics
used. For instance, studies in tropical and hot climates continue to
rely on static metrics such as DF and Lux [5,25,26], even though
dynamic metrics would better capture seasonal variability. About
4% of studies adopt dynamic metrics such as such as ASE (Annual
Sunlight Exposure), sDA (Spatial Daylight Autonomy), and UDI
(Useful Daylight Illuminance) [12,23,27], which provide yearly
evaluation of daylight performance. Furthermore, studies often
mention national daylight standards from Bulgaria [5], China [27-
29] Ecuador [32,33], Indonesia [25], Italy [34-37] Malaysia [38], UK
[39-40] as well as international standards and guidelines
developed by organizations such as ANSI/IES, CEN, CIBSE, CIE, and
IESNA (10 studies), and rating/certification systems including
BREEAM and LEED (8 studies). However, few studies assess
whether the proposed interventions comply with these daylight
standards or certification criteria, which may reduce the
applicability of their recommendations in professional practice.
Following the analysis of publication types and sources, the
review proceeded to examine the content of these studies in terms
of their design parameters and intervention strategies. The
subsequent results highlight the most commonly investigated
design parameters and strategies, as detailed in Table 3. Roof-
based daylighting systems (35) are the most studied category.
Within this group, skylight/rooflight modifications (16) are
examined more frequently than new installations (6) and both are
more commonly investigated than window installation (3). Among
light-directing strategies -such as light tubes/pipes, light wells,
and transparent tiles/PV- light pipes/tubes are the most frequently
studied (8), particularly after 2021. Strategies to improve daylight
availability, including window systems (21) and roof-based
systems (35), are studied more often than strategies to control
excessive daylight, such as shading solutions (15). Within shading
solutions, partial and adjustable elements such as blinds, fins,
louvers, and shutters (9) are the most examined. Architectural
elements that are unique to historic buildings, such as intrados and
mullions, have been examined in only 3 studies. For surface
reflective strategies designed to enhance uniform daylight
distribution -such as false ceilings, light shelves, and altering
surface reflectance (19) emerge as the most studied approach,
particularly before 2016. Partition adjustments (2) have appeared

only within the past five years, whereas floor arrangement
strategies (3) are observed exclusively in 2023 studies.
Recommendations from the reviewed studies regarding
daylighting enhancement strategies frequently include adjusting
glass VT by increasing the number of glass pane [5,34,47,57,60]
adding window and skylight openings [32], increasing the size of
existing window and skylight openings [10,27,28,59] optimizing
existing skylight feature [10,12,55-56,69] increasing surface
reflectance [28,62,68] integrating light-reflective elements such
as false ceiling [49,52,60] and light shelves [23,71], incorporating
light-directing strategies such as light tubes/pipes [26,46,54] and
light wells [22,61], and optimizing spatial configuration [43,45].
Recommendations regarding daylighting control or reduction
strategies often involve using shading elements, especially louvers
[38,52,72], reducing surface reflectance [35,65,67], using low-
transmittance curtains [72], reducing window opening size [36],
applying electrical-driven (ED) shading [51], and ED glazing [58].

Reviewed studies propose a wide range of daylighting
interventions, yet their effectiveness varies depending on climate,
building typology, and methodological approach. Research on
opening configurations shows that changing WWR or WFR can
substantially improve daylight performance in residential and
educational buildings. For example, Gao et al. [30] demonstrated
that widening patios and increasing window-edge height in a
residential building in China increased UDI from 9.5% to 56.6%,
however, glare risk rose as DGP increased from 4% to 26.5% in a
subtropical monsoon humid. Similarly, Chen and Weng [28]
showed that a 1/7 increase in WFR significantly improved daylight
distribution, achieving lighting coefficients of up to 20.4% in a
humid subtropical climate, representing a
improvement over base case condition.

In contrast, museum studies emphasize daylight control rather
than enhancement; Al-Sallal et al. [59] found that reducing WWR
to 5% and increasing verandah depth improved UDI from 83% to
97%, while reducing ASE to 0%, demonstrating how typological
constraints influence design decisions. Glazing-related strategies
also reveal notable conflicting outcomes. Comparative studies
indicate that while double glazing with moderate VT values often
provides a balanced outcome between daylight availability and
visual comfort, triple glazing or low-transmittance ED glazing can
reduce glare but may compromise sDA or daylight levels. Nocera et
al. [60] reported that replacing clear glass (0.75 VT) with double
glazing (0.60 VT) resulted in more balanced daylight and reduced
glare probability in a Mediterranean climate, while Mohelnikova et
al. [57] showed that double glazing with VT 0.81 increased
classroom illuminance compared to triple glazing with VT 0.73 in a
temperate climate. Scorpio et al. [58] demonstrated that ED glazing
increased sDA to 97.2%, but when switching to a lower-
transmittance ED mode for glare control, sDA dropped to 66.6%,
representing a 31% reduction in useful daylight in a Mediterranean
climate.

substantial
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Table 2. Climate and building design information of reviewed studies.

Reference Studied Location Climate Type Building Function = Construction Date  Conservation Daylight Metrics
Status
[38] Malaysia, Alor Tropical climate Educational 1908 - Lux
Setar building
[41] Turkey, Izmir - Commercial 1905 - sDG, UDI
building
[27] China, Xiangxi - Residential Ming Dynasty - ADF, cd/m2, cDA,
building Jiajing period DGP, Lux, UDI
[42] Sri Lanka Tropical climate Residential 1680s Listed DF, Lux
building
[23] Turkey, Erzincan Continental Train station 1938 ASE, sDA
climate
[29] China, Tianjin - Residential 1902 - UDI
building
[33] Ecuador, Ambato - Residential Late 19th c. DF, Lux
building
[32] Ecuador, Ambato - Residential - Listed Lux
building
[30] China, Huizhou Subtropical Residential - - DA, sDA, DGP,
monsoon humid building DGI, UDI
[43] South Africa, Alice Temperate climate  Educational The mid-1930s Listed ASE, DGP, sDA,
building cd/m2, UDI
[10] Iran, Ghaemshahr Subtropical humid ~ Commercial 1928 - DA, sDA, sGA
climate building
[44] Turkey, Izmir - Commercial 1905 - sDA, UDI
building
[24] Australia Mediterranean Residential 1973 - -
climate building
[45] Canada, Québec - Working space - Recognized sDA, Lux
[46] USA, Chattanooga - Commercial 1920 - Lux
building
[47] Egypt, Shubra, Hot climate Palace 1896 - ASE, sDA
Cairo
[48] Norway, Nordic climate Commercial 1861 Listed ASE , DF, sDA
Trondheim building
[26] Palestine, Hebron Hot summer, cold Educational - - Lux
winter building
[5] Bulgaria, Plovdiv Transitional Residential 19 century Listed DF, Lux
subtropical building
continental
[49] Italy, Syracuse - Commercial 1857 - DF, Lux, UDI
building
[50] Iran, Tehran - Bathhouse - - Lux
[51] Italy, Aversa - Working space End of the 10th - Lux
century
[52] Iran, Tehran - Educational 1906 - UDI
building
[22] Portugal, Lousa - Educational - - DF, Lux
building
[53] Brazil, Sdo Paulo - Working space 1969 Listed Lux
[54] Indonesia, Tropical climate Exhibition - - Lux
Surakarta
[36] Italy, Pisa - Exhibition space 1366 - cDA, DA, sDA,
DGP, UDI
[55] Egypt, Shubra, Hot-arid climate Palace 19 century - ASE, DGP, sDA,
Cairo UDI
[56] Egypt, Shubra, Desert climate Palace - - ASE, DGP, sDA
Cairo
[12] Egypt, Cairo Desert climate Palace 19" century - UDI
[57]1 Czech Republic, Temperate climate  Educational 1894 Listed cd/m2, DF, Lux
Mimoni building
[58] Italy, Aversa - Working space - - sDA, UDI
[35] Italy, Florence - Library 14" century Listed Lux, cd/m2
[59] United Arab Dubai climate Exhibition space - - ASE, DGP, sDA,
Emirates UDI, cd/m2
[60] Italy, Siracusa - Educational 1735 - DA, UDI
building
[25] Indonesia, Jalan Tropical climate Educational 1923,1924 Listed DF, Lux
Raya Darmo building
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[61] Sweden, Nordic climate Working space 1927 - DA, DF
Helsingborg
[28] China, Fuzhou City - Residential - - DF, Lux
building
[62] USA, Portland, - Working space - - ASE, DA, sDA
Oregon
[60] Italy, Siracusa - Educational 1735 - DA, UDI
building
[25] Indonesia, Jalan Tropical climate Educational 1923,1924 Listed DF, Lux
Raya Darmo building
[61] Sweden, Nordic climate Working space 1927 - DA, DF
Helsingborg
[28] China, Fuzhou City - Residential - - DF, Lux
building
[62] USA, Portland, - Working space - - ASE, DA, sDA
Oregon
[39] Serbia, Belgrade - Commercial 1920s, 1900 Unlisted DF, sDA, ASE
building
[63] Italy, Naples - Welfare institution 2" half of 18t™ - DF
century
[64] Iran, Tehran Semi-arid climate Working space - - Lux
[65] Northern Ireland, - Exhibition space - - Lux
Belfast
[40] Cyprus, Maroni, Hot and arid Residential - - DA, DF,UDI, ux
Pera Orinis, Askas  climate building
[31] China, Yunnan - Residential - - Lux, DF
Province building
[66] Argentina, San - Exhibition space 1750 Listed Lux
Miguel de
Tucuman
[34] Italy, Turin - Residential 1905 Listed ASE, DA, sDA, DF,
building UDI
[67] Malaysia, Melaka Tropical climate Exhibition space - - Lux
[68] USA, Boston - Residential 19 century - DA
building
[69] South Korea - Exhibition space - - Lux
[37] Italy, Florence - Exhibition space 1315 - Lux
[70] Egypt, Cairo Eastern Residential 17-18% century Listed Lux
Mediterranean building
climate
[71] Italy, Florence - Library - - Lux, cd/m2
[72] Singapore Tropical climate Exhibition space - - Lux

Shading systems also highlight the influence of climate and
facade orientation on daylight performance. Soleimani et al. [52]
showed that inward-tilted blinds maintained target illuminance
(300-3000 lux) for 57.1% of occupancy hours, outperforming
horizontal blinds (41.9%) and outward tilted blinds (25.4%) in
Iran’s semi-arid climate. The same study also found that interior
vertical fins further improved performance by up to 7.6 % compared
to all three blind configurations. In tropical climates, Shahbudin et
al. [38] demonstrated that external louvers effectively reduced peak
illuminance in a tropical climate, emphasizing the role of climate-
responsive shading. Andersen et al. [68], meanwhile, found that
active shading on north-facing facades could outperform passive
shading, although this advantage lowered or disappeared on
south-facing facades in Boston’s continental climate, highlighting
the importance of orientation-specific design. Roof integrated
daylight systems also offer varied results across climates and
building types. Skylight modifications -such as adjusting
inclination angle, apex position, or diffuser materials- have been
shown to reduce ASE by over 20% while improving UDI. For
example, Mahmoud et al. [55] reported that reducing the SFR from
100% to 30% cut ASE by more than 20% and decreased cooling

loads significantly in a hot climate. Light tubes demonstrate even
larger impacts: Iyati et al. [54] found that introducing light tubes in
a tropical climate increased the percentage of area achieving 300
lux from 6-14% to 92.76%, while Sénmez et al. [41] showed UDI
improvements of up to 300 % and glare reduction of 67.74 % in a
Mediterranean climate. Comparative work in Palestine by
Alatawneh et al. [26] revealed that light tubes in a hot climate
increased indoor illuminance by at least %70, whereas skylights
improved it only by %9.

Just as shading elements and roof-integrated daylighting
systems exhibit climate- and geometry-dependent performance,
facade-based strategies such as light shelves also demonstrate
similar context-specific behaviors. The geometry and material
properties of light shelves play a significant role in shaping
daylighting performance, and studies report varying results
[62,71,73]. Kemer and Celebi Yazicioglu [73] showed that, in a
Turkish educational building, wider light shelves (60 cm) markedly
improved daylight metrics compared with narrower configurations
(40-50 cm). Yet, the overall effectiveness of light shelves is highly
dependent on spatial characteristics.
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Table 3. Design parameters of reviewed studies.

Design Parameters

[41] Sonmez et al., 2024

[27] Wu et al., 2024

[42] Rajapaksha & Kariyawasam, 2024

[23] Top et al., 2024

[33] Bustan-Gaona et al., 2023a

[32] Bustan-Gaona et al., 2023b

Reviewed Studies

[30] Gao et al., 2023
[43] Overen et al., 2023
[10] Shirzadnia et al., 2023

[44] Sonmez et al., 2023

[24] Strazzeri & Tiwari, 2023

[45] Szentesi-Nejur et al., 2023

[46] Wood, 2023

[48] Piraei et al., 2022

[26] Alatawneh et al., 2021

Glass TV
Installation

Intrados-patio-
mullion
WWR/WEFR

ED-glazing
Glass VT

Window

Apex
displacement
Diffuser
feature

Form change

Installation

Orient. /
Inclination
SFR

Atrium
configuration
Light tube/pipe

Light well

Transparent tile /
PV
Blind-fin-louver-
shutter
Curtain-roller
shade
ED-shading

Panel
Verandah

Skylight / Roof light

Roof-based Daylighting Systems

Shading Solutions

Window film

False ceiling

Light shelf

Surface reflectance

Collector / solar
fiber
Reflector

Adjusting
partitions
Floor arrangement

Reflective Systems and
Passive Techniques

| [38]Shahbudin et al., 2024

| [29] Zhao et al., 2024

<

<

| [47] Marzouk et al., 2022

<
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Design Parameters

[5] Ivanova, 2021

[49] Lo Faro & Nocera, 2021

[50] Mirkazemi & Mousavi, 2021

[51] Scorpio et al., 2021

[52] Soleimani et al., 2021

[53] Ghosn et al., 2020

[54] Iyati et al., 2020

Reviewed Studies

[36] Leccese et al., 2020

[55] Mahmoud et al., 2020

[56] Marzouk, Eissa, et al., 2020

[12] Marzouk, ElSharkawy, et al., 2020

[35] Balocco et al., 2019

[59] Al-Sallal et al., 2018

[25] Prihatmanti & Susan, 2017

Window

Roof-based Daylighting Systems

Shading Solutions

Reflective Systems and

Passive Techniques

Glass TV
Installation

Intrados-patio-
mullion
WWR/WFR

ED-glazing
Glass VT

Apex
displacement
Diffuser
feature

Form change

Installation

Orient. /
Inclination
SFR

Atrium
configuration
Light tube/pipe

Light well

Transparent tile /
PV
Blind-fin-louver-
shutter
Curtain-roller
shade
ED-shading

Panel
Verandah

Skylight / Roof light
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Table 3. Design parameters of reviewed studies (continued).

Reviewed Studies

Design Parameters

[61] Bournas et al., 2016

[28] Chen & Weng, 2016

[62] Sanchez et al., 2016

[63] Bellia et al., 2015

[64] Ghasempourabadi et al., 2015

[65] Mardaljevic et al., 2015

[40] Michael et al., 2015
[31] Zhou et al., 2015
[66] Ajmat et al., 20140
[34] Lo Verso et al., 2014

[67] Ahmad et al., 20130

[68] Andersen et al., 2013

[69] Kim & Chung, 2011

[37] Balocco & Frangioni, 2010

[70] Elkadi & Al-Maiyah, 2009

[71] Balocco & Calzolari, 2008

[72] Ngetal., 2001

Number of studies (Total)

Window
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Glass TV
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Diffuser
feature

Form change

Installation

Orient. /
Inclination
SFR

Atrium
configuration
Light tube/pipe
Light well
Transparent tile /
PV
Blind-fin-louver-
shutter
Curtain-roller
shade
ED-shading

Panel
Verandah

Window film

Skylight / Roof light

False ceiling
Light shelf
Surface reflectance

Collector / solar
fiber
Reflector

Adjusting
partitions
Floor arrangement

| [39] Stojkovic et al., 2016
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Table 4. Categorization of daylighting strategies identified in the reviewed studies.

Enhancement Strategies

Reduction Strategies

Glazing upgrades (VT adjustments) [34,47,57]
Light tubes/wells [22,26,46,54]

High surface reflectivity [28,62,68]

Light shelves [49,60]

Increase in WWR, WFR, SFR [10,27,28,59]
Spatial reconfiguration [43,45]

Reflective ceiling [49,52,60]

Skylight optimization [10,12,55-56,69]
Skylight diffuser [55-56,69]

New openings [32]

Dimmable LEDs [51]
Electric-driven shadings [51]

Low surface reflectivity [35,65,67]
Low-transmittance curtains [72]
Reduction in WWR [36]
UV-control materials [37,66]
Electric-driven glazing [58]

Local shade trees [59]

Verandah [59]

Louvers [38,52,72]

For instance, Sanchez et al. [62] found that in a deep-plan space,
light shelves produced only a marginal reduction in sDA (17.5% to
17%) but substantially lowered ASE (10.2% to 5.9%) due to their
shading effect. Similarly, Top et al. [23] demonstrated that, in a
continental climate train station, light shelves decreased ASE while
simultaneously increasing sDA. These findings emphasize that the
performance of light shelves varies with building height, depth,
and facade configuration; in some cases, they may even act
primarily as shading devices. Consequently, optimizing light shelf
parameters according to the specific context is essential to achieve
an appropriate balance between solar control and daylight
availability. Interior surface strategies, when considered alongside
other daylighting interventions, provide additional improvements
in overall daylight performance and distribution. Alatawneh et al.
[26] and Andersen et al. [68] demonstrated that increasing surface
reflectance enhances both daylight availability and its uniform
distribution within Conversely, reducing
reflectance in exhibition environments significantly lowered
daylight exposure, as shown by Mardaljevic et al. [65], helping
protect sensitive artifacts from excessive light levels. Overall, the
literature demonstrates that effective daylighting solutions cannot
be generalized; instead, their suitability depends on the interaction
between climate, typology, and conservation constraints. The
percentage changes reported across these studies clearly show how
specific design decisions can either significantly enhance daylight
availability or strategically control overexposure depending on the
building context.

As shown in Table 4, the studies predominantly focus on similar
types of enhancement aim to increase daylight availability through
surface glazing adjustments, spatial
reconfiguration, or roof-based interventions, whereas reduction
strategies focus on solar control and the mitigation of glare and
heat gain. Importantly, the feasibility and performance of these
strategies vary significantly depending on regulatory restrictions,
material characteristics, and climatic conditions, which are

interior spaces.

modifications,

examined in detail in the following sections.
These above-mentioned strategies are generally easier to
implement in non-historic buildings, where they do not face

significant constraints. In the case of historic buildings, however,
their applicability may be subject to various limitations, as given in
Fig. 2. These challenges can be thematically grouped into three
main categories: (1) regulatory and conservation limitations, (2)
structural and material constraints, and (3) climate-based
requirements, investigated respectively.

3.1. Regulatory and conservation limitations

Historic buildings present authentic materials and valuable
craftsmanship under the protection of international charters (e.g.,
Venice 1964, Burra 1979, NARA 199/, Madrid 2012) and national
legislation that favor minimal and reversible interventions while
preserving authenticity [13,74-76]. These principles, while
important for heritage conservation, directly limit daylighting
upgrades: even small-scale actions such as replacing historic glass
or adding shading elements often necessitate legal approvals and
risk material and authenticity loss, altered facades, or reduced
architectural integrity [13,77].

Consequently, designers face a constant conflict between
conservation requirements and environmental performance goals,
with strict heritage restrictions often forcing the reduction or
abandonment of effective daylighting strategies, resulting in only
modest improvements in building performance [39,53]. This
tension between conservation and environmental performance is
interpreted differently across national contexts. In some countries,
such as Italy, where a historic building is under full conservation
protection, legislative frameworks
architectural heritage from energy retrofitting, since the primary
focus is on conserving the building in its original state rather than
enhancing livability [51]. Conversely concerns with energy
efficiency and carbon reduction have led to the replacement of glass
in historic buildings with energy-efficient alternatives [78].

Conservation regulations also restrict facade interventions such
as adding new openings, resizing windows, or altering window-to-
wall ratios, as these can compromise architectural heritage and
authenticity. Although such measures may be acceptable in cases of
major reconstruction, they often conflict with reversibility and
authenticity principles in historic contexts. Similarly, the selection

exclude historical and
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Challenges for Daylighting Interventions in Historic Buildings

A 4

Regulatory and Conservation
Limitations

Material and Structural
Constraints

)

Climate-Responsive
Requirements

)

International Policies

National Legislations

Local Regulations

|y Authenticity of Materials

—> Manufacturing Techniques

Regional Climate Types

Climate Objectives

—> Traditional Structural Techniques

Fig. 2. Categorization of challenges for daylighting interventions in historic buildings.

(a) Green-tinted glass with square leaded panes, Belgium, Antwerp
(b) Clear glass with diamond-shaped leaded panes (top) and square lattice leaded panes (bottom), Belgium, Antwerp
(c) Clear glass (with a slight smoky hue) with rectangular lattice leaded panes, Belgium, Antwerp

(d) Reddish-tinted glass with square leaded panes, Belgium, Antwerp
(e) Green-tinted Gothic-style stained glass with diamond-shaped leaded panes, Belgium, Brugge

(f) Multi-colored Gothic-style stained glass with square leaded panes in the lancets and irregular tracery panels, Austria, Vienna

Fig. 3. Historic glasses with various colors and pane geometries (Authors’ archive).

N

sloped flat

domed pyramid

daylight

(b)

Fig. 4. Illustration of skylight (a), atrium (b), light tube (c), and light well (d).

of shading configurations internal or external, fixed or operable-
must align with reversibility and authenticity requirements [13,76].

Fixed or externally mounted systems may entail permanent
facade changes and significant visual impact [10], making
reversible solutions more suitable for heritage buildings. Other
strategies mostly passive in nature- include increasing interior
surface reflectance by painting surfaces brighter or using reflective

(c)

materials to enhance daylight distribution [26] or decreasing it by
using darker tones or matte finishes to control daylight levels [35].
These strategies are typically reversible and compatible with
heritage conservation principles, provided that the surfaces do not
contain historically significant paintings, decorations, or tiles [79].
In cases where interior walls have heritage value but are not listed,
temporary and movable wall panels or removable wallpaper can
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offer viable alternatives. By contrast, external painting that alters
the original facade appearance often conflicts with conservation
principles and may be deemed inappropriate [68].

Beyond surface-level reflectance adjustments, strategic spatial
reconfiguration such as removing partitions, reshaping layouts, or
replacing interior walls can dramatically boost daylight availability
by allowing light to penetrate far deeper into the interior [45].
However, these transformations are typically irreversible, may
compromise structural integrity, and often conflict with heritage
conservation principles [68], making them unsuitable for
protected buildings but highly effective in cases of major
reconstruction or large-scale renovation.

3.2. Material and structural constraints

Historic buildings present traditional materials such as stone,
earth, wood, brick, iron, and historic window glass [78], [80],
whose physical properties and durability differ significantly from
contemporary materials like concrete and steel. These materials are
often vulnerable to deterioration and, due to their authenticity, are
difficult or impossible to replace without loss of heritage value.
Incompatibilities between existing (old) and contemporary
materials, including differences in moisture behavior, thermal
expansion, and surface texture, can cause cracking, surface
degradation, and visual disruption, leading to strict conservation
rules that may prohibit even minimal alterations such as painting
or modifying exposed historic elements [53]. While materials like
wood enrich interior authenticity, their low reflectivity can limit
daylight distribution [31]. Similarly, historic window glass,
typically small-paned, colored, and of lower optical quality (as
demonstrated in Fig. 3) due to past manufacturing techniques and
compositions, transmits less light than contemporary glazing
[39,78,81]. These constraints emphasize both the challenges of
preserving material authenticity and the untapped potential for
sensitive daylight improvements through advanced glass
technologies [82].

Upgrading windows with double or triple glazing, which has
higher efficiency in terms of visual and thermal comfort, and
energy performance are often proposed for historic buildings
[5,34,47,57,60]. However, increased glass thickness and weight
may require adapting or changing the original frame design and
material, which can conflict with conservation principles [22].
When window frame intervention is restricted, secondary glazing
may be a viable option, provided there is sufficient window depth,
and the addition is not visible from the outside [83-84]. The
substantial thickness of historic walls often enables the integration
of a secondary window. Moreover, traditional wooden-framed
windows allow for the replacement of existing glass sheets with
thicker ones by inserting additional slim wooden frames [39,60]. If
the window frame is not sufficient thick, slim-profile double
glazing which relies on a reduced cavity filled with inert gas [85] -
or vacuum glazing - which achieves even thinner profiles by
creating a vacuum between panes [86] may be preferred. An

alternative approach is the use of reversible window films, which
help control excessive daylight and reduce solar heat gain [66,87].
In addition to passive glazing systems, electrical-driven glazing
(ED) [58], which has ability to automatically adjust the
transmittance levels and solar heat gain coefficients using sun-
tracking sensors or material properties [88] is investigated to
improve daylight availability in historic buildings. Beyond
changing glazing type, this strategy also may bring structural
problems in historic buildings due to the ED glazing’s heavier
components.

Historic buildings often rely on traditional structural systems -
masonry construction, load-bearing walls, and timber post-and-
beam frameworks [33,89] that demand extreme caution when
integrating daylighting strategies. For instance, existing buildings
often cost more and require complex engineering; checking floor
and ceiling integrity is essential before adding skylights [46]. The
installation of the new skylight may also require the replacement of
the existing floors [49]. Beyond structural concerns, spatial
characteristics also shape daylight potential: industrial buildings
with generous ceiling heights and shallow depths are well-suited
to daylight use, whereas those with narrow facades, deep plans, and
thick walls require targeted interventions to reach interior zones
[26,39,54]. At the urban scale, constraints -narrow streets, dense
adjacency, and privacy concerns- often result in low window-to-
wall ratios on ground floors, restricting daylight penetration and
external views [33,90]. At the intervention level, measures such as
enlarging openings, adding skylights, or replacing single glazing
with multi-pane units can enhance thermal and daylight
performance, they may risk compromising the structural integrity
of masonry or timber elements [52], especially where aged
materials are fragile and structural documentation is lacking. Even
ostensibly non-structural measures, like light tubes or light
shelves, may induce unforeseen stress. Upgrading glazing systems
also demand careful attention to frame thickness, detailing, and
compatibility, requiring collaboration with skilled craftsmen to
preserve visual and material integrity [60]. Consequently, any
daylighting enhancement must align with conservation principles
addressed in policy documents of ICOMOS and UNESCO
(reversibility, structural and heritage compatibility) [77,91].

While window-based solutions play a significant role in
enhancing visual and thermal comfort in historic buildings, they
may not always be feasible due to facade intervention restrictions
or structural limitations. In such cases, alternative strategies that
improve daylight performance while preserving the building’s
original facade appearance become relevant. One such strategy is to
introduce daylight through the roof surfaces rather than directly
altering facade elements. Roof-based daylighting systems offer
unique opportunities to enhance interior illumination in historic
buildings without altering their facades. Common solutions include
skylights -sloped, flat, domed or pyramid-shaped- as well as atria,
light tubes, and light wells (Fig. 4), each with distinct daylighting
potential but also constraints imposed by conservation principles.

2383-8701/© 2026 The Author(s). Published by solarlits.com. This is an open access article distributed under the terms and conditions of the Creative Commons Attribution 4.0 License.


https://creativecommons.org/licenses/by/4.0/

N. SONMEZ & A. CILASUN KUNDURACI Journal of Daylighting / Volume 13, Issue 1/ 8 February 2026

(top view)
I _
| T | — — —
—I_ [——
/I I H
/|
/|
/|
/|
/|
/|
/|
/ J
tilted exterior overhang vertical horizontal curtain roller
blind (side) louver (side) (side) blind (front) blind (front) (front) blind (front)

Fig. 5. Examples of shading design options (By authors).
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(a) Two-panel wooden slatted shading element with independently operable upper and lower sections, Turkey, Izmir
(b) Two-panel wooden slatted shading element, Turkey, Izmir

(c) Two-panel metal shading element, Turkey, Izmir

(d) Four-panel full-height metal slatted shading element for balcony window, France, Paris
(e) Six-panel full-height metal slatted shading element for balcony window, France, Paris

Fig. 6. Exterior historic shading elements with various forms and materials (Authors’ archive).

Sloped skylight Circular-domed skylight

Rectangular-flat skylight
Fig. 7. Examples of skylights in historic buildings, Belgium, Ghent (Authors’ archive).
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Evaluated interventions in the literature have ranged from
installing new skylights [49] or modifying existing ones [10], to
adding light tubes [41], integrating atrium [48] or employing
transparent roof tiles [27]. However, roof-based systems may also
impose additional structural loads, especially on historic timber
beams or load-bearing roof trusses. To mitigate these risks,
reinforcement strategies such as glass beam construction [92],
lightweight stainless-steel framing [89], or carbon fiber-
reinforced polymer (CFRP) strengthening [93] can preserve
structural integrity while enabling daylight integration.

3.3. Climate-Responsive requirements

The typology of historic buildings is a direct product of the climatic
conditions in which they were conceived, reflecting centuries of
adaptation, resilience, and environmental knowledge. Several
studies from diverse climates (Italy, Czech Republic, Egypt)
confirmed that improvements in daylight performance have been
provided by modifying the Visible Transmittance (VT) by changing
the glazing type [10,47]. Higher visible transmittance (VT) glazing
improves daylight penetration but may increase glare and reduce
thermal insulation [57,60], thus necessitating integrated glare
control solutions such as shading elements.

Shading elements - such as louvers, roller blind, fins, overhang,
and curtain (Fig. 5) - integrated in the building design are
commonly seen for protection from excessive daylight, block glare
and mitigate overheating in countries with high annual daylight
duration (Fig. 6). In contrast, in regions with low annual daylight,
roof openings or skylights are often integrated (Fig. 7) to capture
daylight. In some cases, such skylights were not part of the initial
design but were introduced during later renovation interventions,
responding to evolving needs for daylight.

Across the hot regions, the thick stone or adobe walls of historic
buildings acted as formidable thermal barriers, insulating interiors
from excessive heat while providing shade [94]. Courtyards, a
defining feature of many historic buildings in hot climates,
provided both cooler air and shaded areas [95]. When skillfully
proportioned, these courtyards significantly
environmental performance, optimizing daylight availability,
improving occupant visual and thermal comfort, and reducing the
demand for artificial lighting, which in turn yielded significant
energy savings [96]. In cold climates, on the other hand, having
thick external walls and insulated glazing are crucial strategies to
prevent heat loss [97], while carefully placed and sized window
openings ensure that interiors remain well daylit, even though long
winter periods. Conversely, in hot regions where excessive daylight
threatened both visual and thermal comfort, windows are
deliberately kept small to avoid heat gain and glare [98]. These
examples highlight the importance of climate-responsive design
strategies that balance daylight availability with thermal comfort
when planning interventions..

While these traditional climate-responsive features have proven
effective for centuries, contemporary approaches increasingly

enhanced

incorporate advanced daylighting technologies -such as reflective
systems- to further optimize daylight distribution and visual
comfort under varying climatic conditions. Reflective daylighting
systems can be categorized into two groups: ceiling-mounted
solutions (ceiling reflectors and false ceilings), and light shelves
which are positioned above upper windows’ interior, exterior or
both sides [26,52]. Though they aim to maximize daylight receive
to deeper areas and providing uniformity, there are some
conflicting results in various climates, highlighting the importance
of evaluating such interventions within the specific climatic
context in which they are applied. For instance, incorporating light
shelves resulted in improved daylighting in the city of Mersin,
Turkey, characterized by the Mediterranean climate [73], whereas
in Portland, Oregon, USA, with its temperate oceanic climate they
behaved as a shading element and reduced daylighting levels in
temperate climate [62]. Even in a study conducted in Erzincan,
Turkey, which has a continental climate, light shelves were
purposefully implemented in a continental climate, successfully
mitigating direct and excessive daylight exposure, reducing
overheating, and addressing the adverse impacts of climate change
(23]

4, DISCUSSION

This review reveals that while numerous daylighting interventions
have been explored for historic buildings, their applicability is
largely shaped by their heritage status, requirements, and
limitations such as architectural integrity, compatibility with
heritage value, and reversibility; building materials and structural
concerns; and climatic conditions. Evaluations of proposed
daylighting strategies within these themes are presented in Table
5.

The evaluation criteria in Table 4 were assigned by considering
the degree of physical disturbance, visual impact, and material
change involved in each strategy, as well as its reversibility and
compatibility with heritage values. Architectural integrity reflects
how minimally an intervention affects the historic fabric;
compatibility indicates whether the strategy preserves authenticity
and building character; and reversibility assesses the ease of
removing the damage. In addition,
daylighting performance potential and thermal effectiveness were
evaluated based on findings reported in the reviewed studies
regarding daylighting improvement, daylight distribution, solar
control, and heat gain or loss. Accordingly, low-impact and easily
reversible measures (e.g., light shelves, reflective ceilings) received
higher integrity and compatibility scores, while strategies
requiring mechanical components, structural changes, or electrical
integration (e.g., dynamic shading, light tubes, skylights) were
assigned lower values.

From a heritage conservation perspective, the literature
consistently emphasizes that regulatory and conservation
frameworks strongly restrict interventions in historic buildings.

intervention without
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Table 5. Evaluation of proposed daylighting strategies (By authors).

Daylight strategy Architectural Compatibility with  Reversibility Daylighting Thermally Notes
Integrity Heritage Values Performance Effectiveness
Potential
Glass change High Medium (visual High High High Needs careful
change risk) workmanship

Glass change (if Medium Low High High High Needs careful

glass is authentic) workmanship and
permission is
mostly required

Interior surface High High High Low-Medium Low

paint

Interior surface Low Low Low Low-Medium Low

paint (if historic

wall murals exist)

Increase in Low Low Low Very High Very High

opening ratio

Light tube Low-Medium Low Low Medium-High Low Structural
incompatibility
may exist

Skylight Low-Medium Low Low Very High Very High Structural
incompatibility
may exist

Reflective ceiling High Medium High Low-Medium Low Structural risk
analyze must be
done

Light shelf High Medium High Low-Medium Low

Internal shading High Medium-high High Medium-high Medium-high

External shading Medium-High Low-Medium High Medium-High Medium-High

Low-Medium

Low

Low-Medium

Dynamic shading

ED- glazing Medium Low-Medium

Low-Medium

Medium-High High Integration with
sensors, controls,
and power
infrastructure
might be
necessary
Requires electrical
infrastructure

update

Medium-High High

Especially in European contexts, legal provisions often prohibit
modifying window sizes and adjusting facade components.

These strict regulations reflect a prevailing conservation
philosophy intervention, which prioritizes
safeguarding authenticity and heritage value over performance
upgrades. Consequently, compliance with contemporary
daylighting standards (EN 17037, IESNA, CIBSE, LEED, etc.) is often
partial or entirely unattainable, generating a recurring tension
between heritage preservation and contemporary building
performance requirements. Despite the central role of these
regulatory constraints, the extent to which the reviewed studies
clearly address them varies considerably.

Strategies such as changing glazing systems, altering window-
to-wall ratios, integrating skylights, or modifying wall
compositions may be feasible during major renovations but are
rarely acceptable in partially or fully protected buildings due to
concerns about authenticity, integrity, and reversibility. Similarly,
while dynamic shading and electrochromic glazing technologies
can enhance daylighting, their permanence and impact on
architectural character remain problematic within a conservation
framework. This lack of explicit consideration of conservation
status of the studied historic buildings raises questions about the
practical applicability of many studies to real-world heritage

of minimum

contexts. Moreover, a limited number of studies (only about 7% of
those reviewed) explicitly reference ICOMOS policy documents
[22-25]. These policies highlight principles such as minimum
intervention, reversibility, and respect for integrity, which directly
shape both the extent and type of permissible alterations. The
limited engagement with these principles suggests a need for
stronger integration of conservation guidelines into research on
historic building interventions.

From a material and structural perspective, the majority of cases
highlight the use of traditional construction materials such as
stone, brick, and timber-framed occasionally
complemented by vernacular solutions like mud block masonry,
rubble stone, or thatch and wood structures. These reflect both
regional construction cultures and long-standing building
practices. Within the literature, the concept of preserving
architectural integrity in relation to daylighting in historic
buildings was most extensively discussed in 2024, with four studies
addressing the issue, while further references appear in five studies
published between 2001 and 2023. Many studies stress that
interventions should be carefully designed to respect heritage
values, ensuring that adaptations -such as shading devices,
window modifications, or carefully designed roof interventions-
enhance daylight performance without compromising the

systems,
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authenticity of the building envelope. This is particularly evident in
the case of skylight integration, as it can improve daylighting
without requiring major alterations to the facade. Prefabricated
skylight systems designed for relatively quick installation were also
among the methods proposed to improve daylighting; however,
their application often entails high costs, engineering challenges,
or even demolition of existing floors, which raises concerns
regarding structural integrity.

From a climate-context perspective, environmental conditions
are a decisive factor shaping conservation and daylighting
strategies. In hot and arid or humid tropical climates, the focus is
placed on solar control, dynamic shading, and the mitigation of
ultraviolet radiation, which can severely damage interior artifacts
through fading, discoloration, or structural deterioration. In
continental and cold climates, conversely, strategies prioritize
maximizing daylight access while maintaining thermal comfort.
However, the literature reveals a geographical imbalance as visible
in the extracted dataset (Table 2), while hot and tropical regions are
extensively studied, historic buildings in temperate and Nordic
remain underrepresented, despite their
challenges of optimizing daylight and reducing reliance on
artificial lighting. Across different climatic contexts, the most
common strategies include altering surface reflectance, modifying
the visible transmittance (VT) of glazing, and introducing shading
devices. Yet, their effectiveness varies considerably. For example,
the performance of light shelves appeared to differ across climatic
regions; however, this variation may also be attributable to their
material, depth, and placement, indicating that climate cannot be
regarded as the sole determinant.

climates distinct

5. CONCLUSION AND FUTURE STUDIES

This review highlights the importance of bringing together design
strategies to increase daylight in historic buildings to jointly
address the need to improve energy efficiency and protect cultural
heritage. The research examined 54 studies, published between
2000 and 2025 that focused on daylighting improvement strategies
in historic buildings, considering building functions, climate types,
buildings’ heritage status, applicability, compatibility, and
reversibility on design strategies. The findings obtained provide a
basic
implementation of context-sensitive solutions by balancing
conservation principles and technical These
integrated approaches ensure that historic buildings both maintain
their functionality in accordance with today’s conditions and are
transferred to future generations. The findings also indicate that,
in some cases, the building typology itself becomes a decisive
factor. For example, studies focusing on certain building types (e.g.,
museums) often adopt historical perspective, however, their main
emphasis lies in the preservation of artifacts or interior contents,
while conservation measures concerning the buildings themselves

framework to architects and researchers for the

interventions.

-such as material integrity and structural preservation- are not the
main focus in studies.

Findings highlight that effective daylighting in heritage contexts
requires a multi-criteria approach that compromises energy
efficiency goals with the preservation of architectural authenticity
and integrity. Extending research to cover a broader range of
climatic and geographical contexts is essential, as daylight
optimization strategies must be adapted to local climatic
conditions and the increasing variability imposed by climate
change. A clear trend within the reviewed studies is the dominance
of daylight-enhancing strategies, particularly roof-based systems
and window-related adjustments. These interventions are often
simpler to apply, less disruptive to building operations, and more
affordable than alternatives such as advanced shading technologies
or structural modifications, which may explain their high
representation. Conversely, more specialized or costly strategies,
including those addressing historic building features, remain
relatively rare in the literature. This pattern suggests that research
attention often aligns with practical feasibility and economic
accessibility. Furthermore, precise classification of heritage
protection levels is critical for aligning interventions with
regulatory constraints. Future studies should examine the extent to
which the proposed interventions coincide with accepted daylight
standards and evaluate the updating of these standards in
accordance with dynamic metrics. The creation of specially adapted
daylighting guidelines for historic buildings can contribute to both
achieving conservation goals and encouraging efficient daylight
use.
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