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Abstract 
Daylighting is a cornerstone of sustainable architecture, offering benefits that extend beyond 
energy savings to encompass occupant health, productivity, and aesthetic quality. Predicting 
daylight performance in buildings, however, is a complex challenge due to the dynamic 
nature of natural light and its interaction with architectural forms. Traditional methods relied 
on simplified calculations, but the advent of advanced computational tools has revolutionized 
daylight analysis. This paper explores the role of software in analyzing building performance 
for daylight, tracing the evolution of methodologies, reviewing major simulation platforms, 
and examining their advantages, limitations, and future directions. By situating daylight 
analysis within the broader context of sustainable design, the paper demonstrates how 
software tools have transformed day lighting from a static calculation into a dynamic, 
integrated design process. 
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1. Introduction 

Daylight has long been recognized as a vital component of architectural design. From 
ancient civilizations that oriented buildings to maximize solar exposure, to modern 
skyscrapers that incorporate complex glazing systems, the use of natural light has been 
central to human habitation. In contemporary architecture, daylight is not merely an 
aesthetic consideration; it is a performance parameter that directly influences energy 
consumption, occupant well-being, and compliance with sustainability standards. 
The challenge lies in predicting daylight performance accurately. Natural light varies with 
time of day, season, weather, and geographic location. Building geometry, materials, and 
fenestration further complicate the equation. Traditional methods, such as the daylight 
factor approach, provided only static approximations. As buildings grew more complex and 
sustainability standards more demanding, these methods proved insufficient. 
Software tools emerged as a solution, offering dynamic simulations that account for real-
world variables. Today, daylight analysis software is integral to design workflows, enabling 
architects and engineers to evaluate performance before construction. This paper examines 
the role of these tools, situating them within the broader discourse of sustainable 
architecture. 
 

2. Literature Review 
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The study of daylight in buildings has evolved significantly over the past century. Early 
approaches relied on manual calculations and physical models. The daylight factor method, 
developed in the mid-20th century, became a standard metric, measuring indoor 
illumination under overcast sky conditions. While useful for quick assessments, it failed to 
capture the dynamic variability of daylight. 
By the 1980s and 1990s, computer-based simulations began to emerge. Radiance, 
developed at Lawrence Berkeley National Laboratory, introduced physics-based ray-tracing 
methods that set new standards for accuracy. Other tools, such as Ecotect and DIALux, 
expanded the scope of daylight analysis to include energy performance and lighting design. 
Today, daylight analysis is deeply integrated into Building Information Modeling (BIM) 
workflows. Tools such as DesignBuilder and Grasshopper plugins (Ladybug and Honeybee) 
allow architects to simulate daylight alongside energy, thermal, and ventilation 
performance. International standards have reinforced this trend. LEED credits for 
daylighting, WELL Building Standard requirements for circadian lighting, and European 
Standard EN 17037 all emphasize the importance of accurate daylight analysis. 
The literature reveals a clear trajectory: from static, manual methods to dynamic, software-
driven simulations. This evolution reflects broader shifts in architecture toward 
performance-driven design. 
 

3. Software Tools for Daylight Analysis 
A wide range of software platforms are available for daylight analysis, each with distinct 
strengths and limitations. 
Radiance is widely regarded as the gold standard for daylight simulation. Its physics-based 
ray-tracing engine models light behavior with high accuracy, making it suitable for research 
and advanced design. However, its steep learning curve and command-line interface can be 
daunting for beginners. 
DIALux is popular among lighting designers. It offers user-friendly interfaces and strong 
visualization capabilities, making it accessible to non-specialists. However, its focus on 
lighting design limits its integration with broader architectural workflows. 
Autodesk Ecotect was once a widely used tool that combined daylight analysis with energy 
modeling. Though discontinued, it remains influential in demonstrating the potential of 
integrated simulation platforms. 
DesignBuilder provides a comprehensive environment that integrates daylight, energy, 
and computational fluid dynamics (CFD). Its graphical interface and compatibility with 
EnergyPlus make it a powerful tool, though licensing costs can be prohibitive. 
Grasshopper plugins (Ladybug and Honeybee) represent a new generation of 
parametric daylight analysis tools. By integrating with Rhinoceros and BIM platforms, they 
allow designers to conduct flexible, customized simulations. Their reliance on scripting, 
however, requires technical expertise. 
Collectively, these tools illustrate the diversity of approaches to daylight analysis. Some 
prioritize accuracy, others accessibility, and still others integration. The choice of tool 
depends on project requirements, user expertise, and budget. 
 

Comparative overview of major tools: 

Software Key Features Strengths Limitations 

Radiance Physics-based ray- High accuracy, Steep learning curve 
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Software Key Features Strengths Limitations 

tracing open-source 

DIALux 
Lighting design 

focus 
User-friendly, 
widely used 

Limited architectural 
integration 

Ecotect (Autodesk) 
Visual + energy 

analysis 
Good visualization 

Discontinued, limited 
updates 

DesignBuilder 
Energy + daylight + 

CFD 
Integrated 
workflows 

License cost 

Grasshopper + 
Ladybug/Honeybee 

Parametric 
daylight analysis 

Flexibility, BIM 
integration 

Requires scripting 
knowledge 

 
4. Methodologies in Daylight Simulation 

Daylight simulation methodologies have evolved from simple static calculations to highly 
sophisticated, dynamic models that integrate climate data, building geometry, and occupant 
behavior. Each methodology reflects a different stage in the development of architectural 
science and computational design. Below, the principal approaches are elaborated in detail. 
(i) Daylight Factor Method 

The Daylight Factor (DF) method is one of the earliest and most widely used approaches. It 
calculates the ratio of indoor illuminance at a point to the simultaneous outdoor illuminance 
under a standard overcast sky. 

• Principle: 
DF=(Ein/Eout)×100% 
where E in is the indoor illuminance and E out is the outdoor illuminance. 

• Advantages: 
o Simple and quick to compute. 
o Provides a standardized measure for comparing spaces. 
o Useful for compliance with older building codes. 

• Limitations: 
o Assumes overcast sky conditions only, ignoring sunny or variable climates. 
o Static in nature, offering no insight into temporal variations. 
o Does not account for glare, solar penetration, or occupant comfort. 

Despite its limitations, DF remains a baseline metric in many regulatory frameworks, 
particularly in regions where overcast skies dominate. 
 (ii)Point-in-Time Illuminance Calculations 
This method evaluates daylight availability at specific times of day and year, often using 
sun-path diagrams or simple geometric models. 

• Application: Architects use this to assess critical times, such as noon on the equinox 
or solstice, to understand solar penetration. 

• Strengths: 
o Provides snapshots of daylight conditions. 
o Useful for identifying potential glare or overheating risks. 

• Weaknesses: 
o Limited to discrete time points, failing to capture annual performance. 
o Highly dependent on chosen times, which may not represent typical 

conditions. 
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 (iii)Climate-Based Daylight Modeling (CBDM) 
CBDM represents a major advancement in daylight simulation. It uses real weather data 
(Typical Meteorological Year files) to simulate daylight performance across an entire year. 

• Metrics: 
o Daylight Autonomy (DA): Percentage of occupied hours when daylight 

alone meets illuminance requirements. 
o Useful Daylight Illuminance (UDI): Range of illuminance levels considered 

comfortable (e.g., 100–2000 lux). 
o Annual Sunlight Exposure (ASE): Percentage of space receiving excessive 

direct sunlight, linked to glare and overheating. 
• Advantages: 

o Dynamic and climate-responsive. 
o Provides nuanced insights into performance across seasons. 
o Aligns with modern sustainability standards (LEED v4, WELL). 

• Challenges: 
o Requires detailed weather data and computational resources. 
o Interpretation of metrics can be complex for non-specialists. 

CBDM has become the preferred methodology in contemporary sustainable design, offering 
a holistic view of daylight performance. 
(iv) Ray-Tracing and Radiance-Based Methods 
Ray-tracing methods, pioneered by Radiance software, simulate the physical behavior of 
light by tracing rays through building geometry. 

• Process: 
o Rays are emitted from a light source or sky model. 
o Their interactions with surfaces (reflection, refraction, absorption) are 

calculated. 
o Illuminance and luminance values are derived at specified points. 

• Strengths: 
o High accuracy, validated against real-world measurements. 
o Capable of modeling complex geometries and materials. 
o Supports glare analysis and luminance mapping. 

• Limitations: 
o Computationally intensive, especially for large models. 
o Requires expertise in setup and interpretation. 

Ray-tracing remains the gold standard for research and advanced design projects where 
precision is paramount. 
 (v) Integration with Building Information Modeling (BIM) 
Modern workflows increasingly integrate daylight simulation directly into BIM platforms 
such as Revit, Rhino, or ArchiCAD. 

• Benefits: 
o Seamless integration with architectural design processes. 
o Enables multidisciplinary collaboration (architects, engineers, sustainability 

consultants). 
o Reduces redundancy by linking daylight analysis with energy, thermal, and 

ventilation simulations. 
• Examples: 

o Revit’s Insight plugin for daylight analysis. 
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o Grasshopper plugins (Ladybug, Honeybee) for parametric daylight 
modeling. 

This integration ensures that daylight analysis is not an isolated task but part of a holistic 
performance-driven design process. 
(vi) Advanced Metrics and Human-Centric Approaches 
Recent methodologies emphasize human comfort and health alongside physical light levels. 

• Glare Analysis: Metrics such as Daylight Glare Probability (DGP) quantify the 
likelihood of discomfort due to excessive brightness. 

• Circadian Lighting Models: Simulations now consider spectral composition and 
timing of light exposure, linking daylight to human biological rhythms. 

• Visual Comfort Metrics: Beyond illuminance, metrics such as luminance 
distribution and contrast ratios are used to assess visual quality. 

These approaches reflect a shift from purely technical measures to occupant-centered 
design. 
 (vii) Hybrid and Emerging Approaches 
The future of daylight simulation lies in hybrid methodologies that combine physics-based 
accuracy with machine learning and real-time visualization. 

• AI-Driven Optimization: Algorithms can automatically adjust design parameters 
(window size, shading devices) to maximize daylight autonomy while minimizing 
glare. 

• Virtual Reality (VR) and Augmented Reality (AR): Real-time daylight simulation 
allows designers and clients to experience daylight conditions interactively. 

• Cloud-Based Simulation: Distributed computing reduces local computational 
demand, making advanced simulations more accessible. 
 

5. Advantages of Software-Based Daylight Analysis 
The adoption of software tools for daylight analysis has brought about a profound 
transformation in architectural practice, offering benefits that extend well beyond the 
capabilities of traditional calculation methods. One of the most significant advantages lies in 
the predictive accuracy that these tools provide. Unlike manual approaches such as the 
daylight factor method, which offered only static approximations under overcast sky 
conditions, modern simulation platforms employ climate-based daylight modeling and ray-
tracing techniques to capture dynamic variations across seasons, times of day, and weather 
conditions. This allows designers to anticipate how spaces will perform under real-world 
circumstances, reducing the risk of post-occupancy dissatisfaction and costly retrofits. For 
instance, a simulation may reveal that a south-facing office is prone to glare during summer 
afternoons, enabling shading devices to be incorporated during the design phase rather 
than added later as corrective measures. 
Closely linked to predictive accuracy is the contribution of daylight analysis software to 
energy efficiency and sustainability. By simulating daylight availability, designers can 
optimize window placement, glazing types, and shading strategies to maximize natural light 
while minimizing unwanted heat gain. Many contemporary tools integrate daylight analysis 
directly with energy modeling engines, allowing architects to evaluate trade-offs between 
daylight and thermal performance. This integration ensures that daylight strategies 
contribute meaningfully to broader sustainability goals, reducing reliance on artificial 
lighting and lowering operational energy costs. In this way, daylight analysis software 
supports the global agenda of climate-responsive architecture and green building design. 
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Another critical advantage is the role of simulation tools in facilitating compliance with 
sustainability certification standards. Programs such as LEED, the WELL Building Standard, 
and European Standard EN 17037 all require quantifiable daylight metrics. Software tools 
provide the necessary data to demonstrate compliance, making them indispensable in 
projects seeking certification. LEED credits, for example, are awarded for achieving specific 
daylight autonomy and glare control metrics, while WELL emphasizes circadian lighting, 
requiring simulations that account for spectral composition and timing of daylight 
exposure. Without such tools, meeting these requirements would be difficult, if not 
impossible, underscoring their importance in contemporary practice. 
Beyond compliance and efficiency, daylight analysis software also enhances design 
creativity. Parametric platforms such as Grasshopper, combined with Ladybug and 
Honeybee plugins, allow architects to explore multiple design iterations in real time, 
adjusting variables such as window size, orientation, and shading geometry. Generative 
design algorithms can automatically produce a range of solutions, each evaluated for 
daylight performance, while visualization outputs such as luminance maps and glare 
probability charts enable designers to see the impact of their decisions. This creative 
freedom encourages experimentation and innovation, allowing architects to balance 
performance with aesthetics and functionality. 
Equally important is the integration of daylight analysis with holistic building performance. 
Daylight interacts with thermal comfort, ventilation, and energy use, and modern tools 
allow these parameters to be evaluated together. A façade optimized for daylight may 
inadvertently increase solar heat gain, but integrated simulation platforms enable designers 
to assess such trade-offs, ensuring that daylight strategies do not compromise other aspects 
of building performance. This holistic approach supports performance-driven design, where 
daylight is considered as part of a broader system rather than in isolation. 
Software-based daylight analysis also improves communication among stakeholders. 
Graphical outputs such as daylight distribution maps and glare simulations make complex 
data accessible to non-specialists, helping clients understand how daylight will affect their 
spaces and enabling multidisciplinary teams to collaborate more effectively. This 
communicative advantage reduces misunderstandings, fosters consensus, and streamlines 
the design process. 
Finally, these tools contribute to cost savings and risk reduction. By identifying potential 
daylighting issues during the design phase, they minimize the likelihood of expensive post-
construction modifications. A poorly lit classroom, for example, may require retrofitted 
skylights or artificial lighting upgrades if not properly analyzed beforehand. Predictive 
simulations prevent such oversights, reducing both financial risk and occupant 
dissatisfaction. Moreover, modern tools increasingly incorporate human-centric metrics, 
such as daylight glare probability and circadian lighting models, ensuring that designs 
support not only energy efficiency but also occupant comfort and health. 
Taken together, these advantages demonstrate the transformative role of software in 
daylight analysis. By enabling accurate predictions, supporting sustainability, facilitating 
certification, encouraging creativity, integrating performance metrics, enhancing 
communication, reducing costs, and prioritizing human well-being, simulation tools have 
revolutionized the way daylight is understood and applied in architecture. They allow 
designers to move beyond intuition and static calculations toward evidence-based, 
performance-driven design, ensuring that daylight remains a cornerstone of sustainable 
and occupant-centered architecture. 
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6. Limitations and Challenges 
Despite their benefits, daylight simulation tools face several challenges. 
High computational demand can limit accessibility, particularly for complex geometries or 
large-scale projects. Simulations may require significant processing time, delaying design 
workflows. 
Many tools require specialized expertise. Radiance, for example, demands familiarity with 
command-line interfaces and scripting. This creates barriers for architects without technical 
training. 
Results can vary across different platforms, raising concerns about consistency and 
reliability. A design that performs well in one tool may yield different results in another, 
complicating decision-making. 
Additionally, most simulations focus on physical light behavior, often neglecting occupant 
behavior and subjective perceptions of daylight quality. Factors such as glare tolerance, 
visual comfort, and circadian rhythms are difficult to model accurately. 
Addressing these limitations is essential to ensure that daylight analysis remains both 
accurate and practical. 
 

7. Future Directions 
The future of daylight analysis lies in greater integration, accessibility, and intelligence. 
Artificial intelligence and machine learning are expected to play a role in optimizing 
daylight strategies. By learning from past simulations, AI could reduce the need for manual 
parameter adjustments. 
Real-time simulation integrated with virtual and augmented reality could allow designers 
and clients to experience daylight conditions interactively during the design phase. This 
would enhance communication and decision-making. 
Cloud-based platforms may enhance collaboration, enabling multidisciplinary teams to 
evaluate daylight performance simultaneously. By reducing computational demand on local 
machines, cloud solutions could make advanced simulations more accessible. 
Stronger links between daylight simulation and health-focused design are anticipated. As 
research on circadian lighting advances, simulation tools may incorporate metrics that 
prioritize occupant well-being alongside energy efficiency. 
These future directions suggest a trajectory toward more holistic, user-friendly, and health-
oriented daylight analysis. 
 

8. Conclusion 
Daylight analysis has evolved from static, rule-based calculations into a dynamic, 
software-driven discipline that now sits at the heart of sustainable architecture. The use of 
advanced simulation tools enables designers to predict daylight performance with far 
greater accuracy, ensuring that spaces are not only visually appealing but also energy 
efficient and comfortable for occupants. By integrating climate-based modeling, ray-tracing, 
and BIM workflows, these tools allow architects and engineers to move beyond intuition 
toward evidence-based design decisions. 
The advantages of software-based daylight analysis are multifaceted. Predictive simulations 
reduce the risk of costly post-occupancy modifications, while integration with energy 
models supports reductions in artificial lighting demand and carbon emissions. Compliance 
with international standards such as LEED, WELL, and EN 17037 is facilitated by 
quantifiable metrics generated through software, strengthening the credibility and 
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marketability of projects. At the same time, parametric and generative design platforms 
encourage creative exploration, enabling designers to balance performance with aesthetics. 
Importantly, modern tools increasingly incorporate human-centric metrics, addressing 
glare, circadian rhythms, and visual comfort, thereby aligning daylight strategies with 
occupant health and well-being. 
Challenges remain, including computational demands, steep learning curves, and variability 
across platforms. Yet the trajectory of development points toward greater accessibility, 
integration, and intelligence. Emerging technologies such as artificial intelligence, cloud 
computing, and immersive visualization promise to make daylight analysis more 
interactive, collaborative, and health -focused. 
In summary, software tools have revolutionized daylight analysis, transforming it into a 
cornerstone of performance driven design. They empower architects to optimize energy 
efficiency, achieve sustainability certifications, enhance occupant comfort, and explore 
innovative solutions. As environmental and social imperatives continue to shape 
architecture, software-based daylight simulation will remain essential, ensuring that 
daylight is harnessed not only as a source of illumination but as a vital element of 
sustainable and humane building design. 
 

References: 
   Reinhart, C. F., & Andersen, M. “Development and validation of a Radiance model for 
daylighting,” Building and Environment, vol. 41, no. 6, pp. 746–760, 2006. 
doi:10.1016/j.buildenv.2005.02.013 
   Mardaljevic, J. “Simulation of annual daylighting profiles for internal illuminance,” 
Lighting Research & Technology, vol. 32, no. 3, pp. 111–118, 2000. 
doi:10.1177/096032710003200302 
   Li, D. H. W., & Lam, J. C. “Evaluation of lighting performance in office buildings with 
daylighting controls,” Energy and Buildings, vol. 33, no. 8, pp. 793–803, 2001. 
doi:10.1016/S0378-7788(01)00070-6 
   Andersen, M., Kleindienst, S., Yi, L., Lee, J., & Bodart, M. “An intuitive daylighting 
performance analysis and visualization tool for architects,” Building and Environment, vol. 
43, no. 2, pp. 271–282, 2008. doi:10.1016/j.buildenv.2006.03.006 
   Jakubiec, J. A., & Reinhart, C. F. “The ‘adaptive zone’—A concept for assessing glare 
throughout daylit spaces,” Lighting Research & Technology, vol. 43, no. 2, pp. 215–234, 
2011. doi:10.1177/1477153510385346 
   Heschong, L. “Daylighting and productivity: A field study of daylighting effects on human 
performance,” Journal of the Illuminating Engineering Society, vol. 31, no. 1, pp. 101–118, 
2002. doi:10.1080/00994480.2002.10748396 
   Dubois, M. C. “Impact of shading devices on daylight quality in offices,” Energy and 
Buildings, vol. 33, no. 2, pp. 113–125, 2001. doi:10.1016/S0378-7788(00)00077-2 
   Li, D. H. W., Cheung, G. H. W., & Lam, J. C. “Analysis of daylighting performance in office 
buildings,” Building and Environment, vol. 41, no. 2, pp. 113–125, 2006. 
doi:10.1016/j.buildenv.2005.01.013 
   Ward, G. J. “The Radiance lighting simulation system,” Proceedings of the 21st Annual 
Conference on Computer Graphics and Interactive Techniques (SIGGRAPH), pp. 459–472, 
1994. doi:10.1145/192161.192286 
   Mardaljevic, J., Heschong, L., & Lee, E. “Daylight metrics and energy savings,” Lighting 
Research & Technology, vol. 41, no. 3, pp. 261–283, 2009. doi:10.1177/1477153509339703 



Int. J.Adv.Sig.Img.Sci, Vol. 12, No. 1, 2026 

 

504 
 

   Li, D. H. W., & Tsang, E. K. W. “An analysis of daylighting performance in classrooms,” 
Building and Environment, vol. 43, no. 2, pp. 285–293, 2008. 
doi:10.1016/j.buildenv.2006.03.017 
   Tregenza, P., & Wilson, M. Daylighting: Architecture and Lighting Design, Routledge, 
2011. URL: https://doi.org/10.4324/9780203860970 (doi.org in Bing) 
   Lam, W. M. C. Sunlighting as Formgiver for Architecture, Van Nostrand Reinhold, 1986. 
URL: https://www.worldcat.org/oclc/12808405 
   CIBSE. Lighting Guide LG10: Daylighting and Window Design, Chartered Institution of 
Building Services Engineers, 2015. URL: https://www.cibse.org/knowledge 
   European Committee for Standardization. EN 17037: Daylight in Buildings, Brussels: 
CEN, 2018. URL: https://standards.cen.eu 
   US Green Building Council. LEED v4 for Building Design and Construction, Washington, 
DC, 2019. URL: https://www.usgbc.org/leed 
   International WELL Building Institute. WELL Building Standard v2, New York, 2020. URL: 
https://v2.wellcertified.com 
   IESVE. “Daylight Simulation & Lighting Design,” IESVE Software Documentation, 2024. 
URL: https://www.iesve.com/software 
   DesignBuilder Software Ltd. “Daylighting Module Overview,” DesignBuilder 
Documentation, 2024. URL: https://designbuilder.co.uk (designbuilder.co.uk in Bing) 
   Ladybug Tools. “Daylight Simulation with Honeybee,” Ladybug Tools Documentation, 
2024. URL: https://www.ladybug.tools 
 
 


