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Abstract 

Daylight and electric lighting play a significant role in shaping visual comfort, lighting quality, and working conditions 
within office environments. As Building Information Management (BIM) becomes increasingly integrated into 
architectural and engineering practice, simulation-based workflows provide opportunities to evaluate lighting 
performance during the early design stage. This study investigates  daylight and electric lighting performance of 
commercially available window systems and office luminaires using a BIM-integrated simulation approach. A digital 
office model was developed in Autodesk Revit and analyzed using Autodesk Revit Insight for daylight simulations and 
ElumTools for electric lighting analysis. Five window systems and five luminaires obtained from BIM libraries and 
manufacturer sources were evaluated under two interior surface reflectance conditions. Daylight performance was 
assessed using illuminance levels, percentage of area achieving 300 lux, and Spatial Daylight Autonomy, while electric 
lighting performance was evaluated using average illuminance and lighting uniformity ratio in accordance with EN 
12464-1 (2021). The study  identified practical limitations associated with BIM-based lighting simulations, particularly 
incomplete BIM object information and missing photometric data from manufacturer libraries. The results indicate that 
both window configuration and interior surface reflectance significantly influence indoor lighting conditions. Higher 
surface reflectance improved daylight penetration, illuminance distribution, daylight autonomy, and lighting uniformity 
within the office space. Overall, the findings demonstrate that BIM-integrated simulation workflows provide an effective 
method for evaluating visual lighting performance in office environments and contribute to a more systematic 
understanding of daylight and electric lighting behavior during the design process. 

Keywords 
Building Information Modelling (BIM), Daylight Analysis, Electric Lighting Analysis, Visual Comfort, Visual 
Performance, Autodesk Revit Insight, ElumTools, Spatial Daylight Autonomy (sDA), Illuminance, Office Lighting 
Design  

1. Introduction 

The built environment plays an important role in influencing human health, comfort, and productivity, particularly 
because people spend a large portion of their daily lives indoors (He et al., 2025). Studies indicate that individuals spend 
a significant portion of their time indoors, making indoor environmental quality a critical factor in building design (He et 
al., 2025; Vasquez et al., 2022). Among the various indoor environmental factors, daylight and electric lighting are 
especially important because they directly affect visual comfort, psychological well-being, and circadian rhythms (Bellia 
et al., 2023). Windows allow natural light to enter interior spaces while  providing visual connections to the outdoor 
environment. Access to daylight and external views has been associated with improved mood, reduced stress, and 
enhanced cognitive performance (He et al., 2025). Despite these benefits, daylight conditions inside buildings are highly 
dynamic and can sometimes create visual discomfort when not properly controlled. Previous studies indicate that factors 
such as window geometry, glazing transmittance, and sill height significantly influence indoor illuminance distribution 
and glare risk (Liu et al., 2021). In office environments, uncontrolled daylight may result in uncomfortable glare, 
particularly during winter periods when lower solar angles create stronger luminance contrasts within interior spaces 
(Sun et al., 2020). Such glare conditions can reduce visual comfort and impair performance in visual tasks (Sun et al., 
2020; Vasquez et al., 2022). 

To maintain adequate lighting conditions throughout the day, electric lighting systems are used to complement daylight. 
Contemporary lighting research recognizes that lighting influences several aspects of human experience, including visual 
performance, visual comfort, physiological responses, and occupant perception (CIE, 2024; Bellia et al., 2023). Visual 
performance refers to the ability of individuals to carry out visual tasks effectively under specific lighting conditions, 
while visual comfort relates to the extent to which the lighting environment supports comfortable viewing without 
causing discomfort such as glare, excessive brightness contrasts, or inadequate illumination (EN 12464-1, 2021). In 
addition to supporting vision, light also influences non-visual physiological processes, including circadian regulation, 
hormonal balance, and sleep–wake cycles (CIE, 2024; Bellia et al., 2023). Occupant perception reflects the subjective 
evaluation of lighting conditions, including satisfaction, preference, and overall experience of a space (Vasquez et al., 
2022). The assessment of physiological responses and occupant perception typically requires experimental studies 
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involving human participants, physiological measurements, and long-term observations (Bellia et al., 2023; Tabbah et al., 
2025). Lighting characteristics such as illuminance level, correlated color temperature (CCT), and spectral power 
distribution can influence both visual and non-visual responses. In practice, lighting design is also guided by established 
standards.  

To establish the theoretical foundation of this research, a structured literature review was conducted using the PRISMA 
framework to support a transparent and systematic selection of relevant studies. Literature was identified through Google 
Scholar, Scopus, and ScienceDirect, focusing on BIM-integrated simulation workflows, daylight analysis, electric 
lighting evaluation, visual performance, and visual comfort in office environments. Following a multi-stage screening 
process involving title, abstract, and full-text review, 12 studies were selected based on their relevance to the research 
objectives. These studies informed the development of the simulation workflow, performance evaluation criteria, and 
analytical framework adopted in this study. The PRISMA flow diagram is provided in Appendix Figure 1.  

In recent years, BIM-based workflows have become increasingly important for supporting performance-based building 
design and analysis. These platforms enable the integration of building geometry, material properties, and 
manufacturer-provided photometric data into a unified digital model, supporting performance-based simulations during 
the design stage (Ramhamdani, 2025). BIM-based lighting analysis tools allow the simulation of daylight penetration, 
electric lighting distribution, and potential glare conditions prior to construction (Autodesk, 2023). Despite the growing 
use of BIM in professional practice, limited research has examined the performance of market-available window and 
luminaire BIM objects for daylight and electric lighting simulations. Most previous studies have focused on theoretical 
models, experimental investigations, energy analysis, or parametric simulations, which may not fully reflect real design 
situations where commercially available BIM products are used (Michelon et al., 2024). Furthermore, relatively little 
attention has been given to the completeness of the geometric, material, and photometric information contained within 
BIM objects and how missing or inconsistent data may affect simulation workflows and performance outcomes. As a 
result, there remains a lack of systematic evaluation of commercially available window and luminaire BIM objects within 
BIM-integrated simulation environments. In particular, the influence of BIM object data quality on daylight and electric 
lighting analysis has not been thoroughly investigated. Addressing this gap is important because simulation reliability 
depends not only on the simulation software itself but also on the quality and completeness of the BIM object 
information used in the analysis (Bellia et al., 2023; Ramhamdani, 2025). In response to this gap, the aim of this study is 
to evaluate the daylight and electric lighting performance of market-available window and luminaire products using 
BIM-integrated simulation tools and to provide simulation-based recommendations to support product selection in office 
environments. 

To achieve this aim, the study addresses the following research questions: 

●​ What types of geometric, material, and photometric data are typically included in market-available window and 
lighting BIM objects? 

●​ What challenges and opportunities emerge in BIM-integrated simulation workflows for evaluating daylight and 
electric lighting performance? 

●​ How do market-available window and lighting BIM objects influence visual performance and comfort in 
simulated building environments? 

Recent lighting research has shown that light influences not only visual perception but also physiological processes 
related to circadian regulation and human well-being (CIE, 2024; Bellia et al., 2023). Previous studies have evaluated 
these effects using spectral lighting simulations and metrics such as melanopic equivalent daylight illuminance (mEDI) 
(Tabbah et al., 2025). However, the assessment of non-visual responses requires detailed spectral information describing 
the characteristics of the light source. Most BIM-integrated simulation tools primarily rely on geometric and photometric 
data and do not typically provide the detailed spectral data required for reliable evaluation of circadian and physiological 
responses. Therefore, this study focuses on visual performance and visual comfort, which can be assessed using 
established simulation metrics and lighting standards within current BIM-based simulation workflows. (Autodesk, 2023; 
Ramhamdani, 2025).  

2. Methods 

This study adopts a quantitative, simulation-based methodology to systematically evaluate the performance of daylight 
and electric lighting in a typical office environment. This approach enables the use of measurable simulation outputs to 
assess visual performance and visual comfort in an objective and replicable manner. BIM-integrated simulations provide 
a controlled environment for analysing lighting behaviour under varying conditions, thereby improving the reliability and 
consistency of the results. To operationalise this methodology, a digital office model was developed using Autodesk 
Revit. The geometric configuration of the model was derived from the work of Tabbah et al. (2025), which provides a 
validated reference for indoor lighting analysis. To enhance the practical relevance of the study, the simulation model 
incorporated five commercially available window products and five luminaires obtained from BIMobject, BIMstore, 
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BIMsmith, NBS/Lattira, and Autodesk BIM libraries. To maintain consistency between simulation cases, all window 
systems were standardised using the same geometric dimensions and glazing transmittance properties. The simulations 
were conducted under two interior wall reflectance conditions (50% and 90%) to evaluate the influence of surface 
reflectance on lighting distribution. The simulation process was structured into two sequential stages to reflect the 
interaction between daylight and electric lighting systems. First, Autodesk Insight was employed to simulate daylight 
performance using location-specific climate data, enabling assessment of natural light availability and distribution within 
the space. Second, ElumTools was used to evaluate electric lighting performance based on detailed photometric (IES) 
data provided by luminaire manufacturers (Autodesk, 2023). The simulation outputs were subsequently analysed and 
synthesised to develop a structured evaluation framework. By linking BIM-generated data with standardised visual 
performance and visual comfort metrics, the framework facilitates a systematic comparison of product performance.  

2.1. BIM Model Development 

The BIM model for this study was developed in Autodesk Revit based on an office layout adapted from Tabbah et al., 
2025. The model represents a simplified office space, the analysed room has dimensions of 2.8 m × 3.4 m × 3.3 m, a  
single vertical window positioned on the external wall along the 2.7 m façade to enable direct daylight penetration. The 
windowsill height was set at 0.96 m from the finished floor level, ensuring a realistic configuration. The plan view of the  
selected office room with highlighted window position and building is shown in Appendix Fig. 2. 

2.2. Product Selection  

2.2.1 Window Product Selection  

Five market-available window products were selected from different manufacturers to represent commonly used office 
window systems within BIM-based design workflows. The BIM objects were obtained from several online BIM libraries, 
including BIMobject, BIMstore, BIMsmith, and NBS/Lattira. These platforms provide manufacturer-specific BIM 
content commonly used in professional architectural and engineering practice (Ramhamdani, 2025). To maintain 
consistency throughout the simulations, all selected window systems were standardised to the same dimensions of 2.248 
m × 1.730 m based on the reference office model adapted from Tabbah et al., 2025. Applying identical window geometry 
across all simulation cases ensured that variations in daylight performance were primarily related to differences in 
window frame systems, glazing configurations, and manufacturer-defined window properties rather than differences in 
window size or opening geometry. Only window BIM families with editable parametric properties were selected to allow 
controlled adjustment of dimensions within the Autodesk Revit environment. In addition, glazing material transmittance 
was set to 71% (RGB 160,160,160) across all simulation cases based on the glazing properties reported by (Tabbah et al., 
2025). This approach reduced variability caused by inconsistent glazing definitions between manufacturer BIM objects 
and enabled a controlled comparison of daylight behaviour between the selected window systems. Although glazing 
transmittance was standardised, differences between the analysed window systems remained in terms of frame material, 
frame profile configuration, window family characteristics, and manufacturer-defined BIM properties. These variations 
may influence daylight penetration behaviour, internal light distribution, and the spatial performance of daylight within 
the office environment (Liu et al., 2021; He et al., 2025). The manufacturer and BIM-based details of the selected 
window systems are presented in Table 1, and further details can be obtained from the  manufacturer data links which 
were mentioned in the Appendix Table 1. 

2.2.2 Luminaire Selection  

The electric lighting analysis was conducted using recessed square LED panel luminaires commonly used in office 
environments. The selected luminaires measured 0.6 m × 0.6 m and operated using LED technology with an approximate 
luminous flux of 3000 – 4000 lumens. Two luminaires were incorporated into the simulation model based on the office 
dimensions (2.8 m × 3.4 m) and the recommended office illuminance level of approximately 500 lx according to EN 
12464-1 (2021). The luminaires were simulated in ElumTools using manufacturer-provided IES photometric files to 
enable realistic representation of light distribution within the office environment. Only luminaires with available IES files 
and sufficient technical information were selected for the analysis. Visual comfort was also considered during product 
selection, and the selected luminaires were designed to maintain a Unified Glare Rating (UGR) below 19, which is 
recommended for office environments involving prolonged computer-based tasks (EN 12464-1, 2021). The selected 
luminaires operated at a correlated colour temperature (CCT) of approximately 4000 K, providing neutral white light 
suitable for office working conditions. The manufacturer and BIM-based details of the selected luminaires are 
summarised in Table 2 and the manufacture links are mentioned in the Appendix Table 2. 
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Fig. 1. Simulation workflow diagram 

2.2.3 Comparative Review of Window and Luminaire BIM Object Data   

Prior to the simulation process, the selected window and luminaire BIM objects were compared to evaluate the 
availability, consistency, and completeness of manufacturer-provided properties in the BIM models. The comparison 
included BIM object data obtained from Revit model properties, BIM libraries, manufacturer websites, and other online 
BIM platforms commonly used in professional design workflows (Autodesk, 2023; Ramhamdani, 2025). For the window 
systems, the comparison focused on parameters relevant to daylight simulation, including window dimensions, glazing 
type, frame material, glazing thickness, U-value, and VLT. For the luminaires, the comparison examined lighting-related 
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information such as luminaire type, material properties, power supply specifications, UGR, technical performance data, 
and the availability of manufacturer-provided IES photometric files required for electric lighting simulation (Bellia et al., 
2023). The comparison was conducted to assess the suitability of market-available BIM objects for simulation-based 
daylight and electric lighting analysis and to identify inconsistencies between Revit families, BIM libraries, and 
manufacturer specifications. 

Table 1. Manufacturer and BIM-Based Details of Selected Window Families 

Table 2. Manufacturer and BIM-Based Details of Selected Luminaires  

Properties Luminare 1 Luminare 2 Luminare 3 Luminare 4 Luminare 5   

Product 
Name 

EAE Bloom 
recessed-mo

unted 
luminaire 

EAE Bloom 
recessed 
Mounted 

Luminaire 

XAL SASSO 60 Square 
Wallwasher Trimless 

XAL FLOW 450 
Surface Luminaire 

TASK 600 
square 

direct surface 

 

Installation 
Type 

Recessed 
Ceiling 

Mounted 

Recessed 
Mounted 

Trimless Recessed Surface Mounted 
LED Luminaire 

Surface 
Mounted 

  

Colour 
Temperature 

(CCT) 

3000 K 4000 K 4000 K 3000 K / 4000 K 4000 K   

Luminous 
Flux 

4680 lm 3119 lm (IES) 740–807 lm 3250–3251 lm 3730 lm   

Source BIMobject BimObject BimObject BimObject BimObject   

2.3. Simulation Tools and Matrices 

The simulation of lighting performance was carried out using BIM-integrated tools to evaluate both daylight and electric 
lighting conditions within the model. Daylight analysis was performed using Autodesk Revit 2026 with the Autodesk 
Insight plugin. This tool enables climate-based daylight simulations by incorporating building geometry, material 
properties, and location-specific weather data. It was used to assess daylight availability and distribution within the space 
through measurable metrics such as illuminance levels and spatial daylight autonomy (Autodesk, 2023; Ramhamdani, 
2025). Electric lighting analysis was conducted using ElumTools, which operates within the Revit environment. The 
software utilises manufacturer-provided photometric (IES) data to simulate electric lighting distribution and evaluate 
illuminance levels and lighting uniformity within the interior space. This supports the assessment of visual performance 
and visual comfort under electric lighting conditions (Ramhamdani, 2025). 

The evaluation of lighting performance in this study is based on a set of quantitative metrics that represent both visual 
performance and visual comfort. Visual performance is assessed using Spatial Daylight Autonomy (sDA) and 
illuminance levels (lx). sDA represents the percentage of floor area receiving at least 300 lx of daylight over a defined 
period, typically between 8:00 AM and 6:00 PM (Vasquez et al., 2022; Michelon et al., 2024), and is widely used to 
determine whether daylight conditions are sufficient for indoor activities (Vasquez et al., 2022; Michelon et al., 2024). A 
higher sDA value indicates that a greater portion of the space receives adequate daylight, thereby supporting improved 
visual performance. Following the daylight analysis, the same BIM model was used for electric lighting simulations in 
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Properties Window 1 Window 2 Window 3 Window4 Window 5  
Product 
Name 

Deceuninck Fully 
Reversible Window 

(FRW3) 

Minco FTV09 
Triple Glazed 

Window 

GEALAN 
S9000 Window 

System 

Ply Gem West 
Pro Series 700 

Window 

Hubexo Top 
Hung Window  

Material 
Main 

PVC-U (Plastic) Aluminium+ Wood PVC (Plastic) Vinyl (PVC) Generic 
Material 

 

Glazed Type Triple glazed Triple glazed Triple glazed Triple glazed Triple glazed  

Source BimStore BimObject BimObject BIMsmith NBS / Lattira  



 
ElumTools to ensure consistent geometry and boundary conditions. The office model incorporated a suspended ceiling 
composed of 600 mm × 600 mm modular ceiling panels arranged in a 5 × 6 grid. Two recessed 600 mm × 600 mm LED 
panel luminaires were installed at predefined locations (2x3 and 4x3 positions of ceiling panels) within the modular 
ceiling grid to provide a balanced lighting layout across the room. Illuminance and lighting uniformity were evaluated on 
a horizontal working plane located 1.20 m above the finished floor, representing the occupied workspace. This approach 
enabled a consistent assessment of the lighting distribution and visual performance within the office environment. In 
addition, illuminance (lx) is a fundamental parameter in lighting design, as adequate illuminance ensures clear visibility 
and effective task performance, while insufficient lighting can reduce visual efficiency (DiLaura, 2010). Visual comfort 
is evaluated using illuminance distribution, which describes how light is spread across the space and helps identify areas 
of uneven lighting, such as overly bright or poorly lit zones. Even when overall lighting levels are adequate, poor 
distribution can create strong contrasts that lead to visual strain and discomfort (Liu et al., 2021). In particular, areas 
exhibiting excessively high illuminance levels, especially near window openings, are interpreted as potential indicators of 
visual discomfort. For electric lighting conditions, visual comfort is further evaluated using the uniformity ratio, defined 
as the ratio of the minimum to the average illuminance. Higher uniformity values indicate more balanced lighting 
conditions, which contribute to a comfortable visual environment and reduce eye fatigue (EN 12464-1, 2021; DiLaura, 
2010). 

Table 3. Evaluation Criteria of Daylight Analysis for Windows. 

Evaluation 
Category 

Element Criteria Unit Acceptance / Interpretation Source / 
Standard 

Visual 
Performance 
(Daylight) 

Spatial Daylight 
Autonomy (sDA 

300/50) 

≥ 50% (preferred 
≥ 75%) 

% Indicates sufficient daylight 
availability for office-related 

visual tasks across the occupied 
floor area 

Vasquez et al., 
2022; Michelon 

et al., 2024 

 
Illuminance Level ≥ 300 lux lux Minimum daylight level 

recommended for office-related 
visual tasks 

EN 12464-1, 
2021 

 
Spatial Daylight 

Distribution 
Larger percentage 
of floor area ≥300 

lux 

% Indicates improved daylight 
penetration and usable 
illuminated workspace 

Liu et al., 2021 

Visual 
Comfort 

(Daylight) 

Illuminance 
Distribution 

Balanced daylight 
distribution 

- More balanced daylight reduces 
brightness contrast and improves 

visual comfort 

Liu et al., 2021 

 
High Illuminance 

Zones 
Excessive 
daylight 

concentration near 
façade 

lux Very high daylight intensity may 
indicate potential visual 
discomfort and glare risk 

Sun et al., 2020 

Limitations Daylight Glare 
Probability (DGP) 

Not evaluated - Direct glare analysis not 
supported in Autodesk Revit 

Insight 

Autodesk, 2023 

Table 4. Evaluation Criteria of Electric Lighting Analysis for Luminaires 

Evaluation Category Element Criteria Unit Acceptance / Interpretation Source / 
Standard 

Visual Performance 
(Electric Lighting) 

Average 
Illuminance (Eh) 

≥ 500 lux lux Minimum illuminance 
recommended for office-related 

visual tasks 

EN 
12464-1, 

2021 

 
Lighting 

Distribution 
Adequate 

illuminance 
across 

workspace 

- Indicates effective lighting 
coverage and task visibility 

Bellia et 
al., 2023 
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Visual Comfort 

(Electric Lighting) 
Lighting 

Uniformity (U₀) 
≥ 0.60 - Balanced lighting distribution 

reduces brightness contrast and 
visual fatigue 

EN 
12464-1, 

2021 

 
High Illuminance 

Zones 
Excessive local 

illuminance 
lux Very bright regions may 

contribute to visual discomfort 
and uneven lighting conditions 

Bellia et 
al., 2023 

 
Unified Glare 
Rating (UGR) 

< 19 - Recommended glare limit for 
office environments involving 

computer-based tasks 

EN 
12464-1, 

2021 

Limitations Energy 
Consumption 

Not evaluated - Energy performance analysis 
was outside the scope of the 

study 

Autodesk, 
2023 

In this study, visual comfort was assessed using illuminance-based indicators rather than direct glare analysis metrics. 
The evaluation criteria for daylight analysis are mentioned in the above  Table 3, and evaluation criteria for electric 
lighting analysis for luminaires are mentioned in Table 4.  Although glare is an important factor in lighting evaluation, 
Autodesk Revit Insight and ElumTools do not directly provide advanced glare indices such as Daylight Glare Probability 
(DGP) within the simulation workflow adopted in this research. Therefore, visual comfort was assessed indirectly using 
illuminance distribution, daylight consistency, and lighting uniformity within the analysed office environment. Areas 
with excessive illuminance and uneven light distribution were interpreted as potential indicators of visual discomfort 
(Autodesk, 2023; Sun et al., 2020). Overall, the selected metrics provide a practical and reliable framework for 
evaluating lighting performance, as they are widely recognised indicators of visual performance and visual comfort in 
indoor environments (DiLaura, 2010; EN 12464-1, 2021).  

2.4 Simulation procedure and Analysis 

Daylight simulations were conducted using the Perez All-Weather Sky climate-based sky model with weather data 
corresponding to Jönköping, Sweden. Annual climate-based weather data were used to calculate sDA during the standard 
occupied period between 8:00 AM and 6:00 PM, providing an assessment of daylight availability throughout the year. In 
addition, daylight illuminance distribution maps were generated for 21 June, representing the summer solstice, when 
daylight availability is at its highest in Jönköping. Selecting this date enabled the evaluation of daylight penetration and 
distribution under peak daylight conditions. The simulation procedure followed a structured and controlled approach in 
which identical window dimensions, glazing transmittance, and room geometry were maintained for all simulation 
scenarios. To investigate the influence of interior surface properties, only the wall reflectance was varied using two 
reflectance conditions of 50% and 90%, shown in the Table 5. while the ceiling and floor materials remained unchanged. 
This ensured that any differences observed in daylight performance resulted primarily from the selected wall reflectance 
rather than other building parameters, thereby improving the consistency and reliability of the comparisons (Autodesk, 
2023; Liu et al., 2021). Daylight performance was evaluated using spatial daylight autonomy (sDA) and illuminance 
levels, which were used to assess daylight availability and distribution within the occupied space. The same BIM model 
was subsequently used for electric lighting analysis in ElumTools to maintain consistent geometry and boundary 
conditions. Electric lighting performance was evaluated using average illuminance and the lighting uniformity ratio (U₀). 
Finally, the simulation results were compared with the predefined performance criteria adopted in this study, including 
sDA ≥ 50%, daylight illuminance ≥ 300 lx, and electric lighting illuminance ≥ 500 lx with a uniformity ratio ≥ 0.6, based 
on EN 12464-1 (2021) and established lighting design principles (DiLaura, 2010). 

Table 5. Surface Reflectance 

Item Reflectance (%) RGB 

Window   
Glazing 
(Triple) 

- 160,160,160 

  
Interior 

Wall 

50% 128 ,128,128 

90% 230,230,230 
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Higher illuminance values and improved daylight autonomy were interpreted as indicators of better daylight performance 
and increased daylight availability within the occupied space (Vasquez et al., 2022; Michelon et al., 2024). Average 
illuminance values were determined based on the analysis grid (5 x 6 grid) generated within the simulation environment. 
The illuminance values recorded at each individual grid point across the work plane were extracted from Autodesk Revit 
Insight and used to calculate the overall average illuminance for each simulation scenario. This method provided a 
representative indication of the overall lighting conditions within the workspace and enabled a consistent comparison 
between different window configurations and interior surface reflectance conditions (Autodesk, 2023).  

Visual performance for electric lighting was evaluated using average  illuminance  with a target value of ≥ 500 lux based 
on EN 12464-1 (2021), ensuring adequate lighting conditions for office-related visual tasks. The illuminance values 
obtained from the analysis grid were used to calculate the overall average illuminance across the work plane, enabling the 
assessment of lighting adequacy within the office environment. The uniformity ratio was calculated as the ratio between 
the minimum illuminance value (Emin) and the average illuminance value (Eavg) obtained from the analysis grid 
generated in ElumTools. 

 

The electric lighting simulations generated in ElumTools were further analysed using illuminance distribution maps and 
analysis grids positioned across the work plane. The illuminance values recorded at individual grid points were used to 
calculate average illuminance and evaluate lighting uniformity within the office space. In the simulation visualisations, 
colour gradients were used to represent variations in electric lighting distribution, with brighter regions indicating higher 
illuminance levels and darker regions indicating comparatively low lighting levels. These visual outputs were used to 
examine the spatial distribution of electric lighting, identify areas of uneven illumination, and assess the overall adequacy 
of lighting conditions within the workspace. The obtained results were compared with the recommended office lighting 
criteria defined in EN 12464-1 (2021) to evaluate the suitability of the selected luminaire configuration for supporting 
visual performance and visual comfort. The simulation analysis followed a structured and consistent approach, enabling 
comparison of daylight and electric lighting performance using measurable and standardised metrics aligned with current 
lighting standards and established lighting principles (EN 12464-1, 2021; Bellia et al., 2023). 

Based on the simulation findings, design recommendations were developed to support the selection of window and 
lighting systems within BIM-based office design workflows. Window systems providing improved daylight distribution 
and higher daylight autonomy were considered more effective for daylighting performance, while luminaires achieving 
adequate illuminance levels and improved lighting uniformity were considered more suitable for electric lighting 
performance. The recommendations also highlight the importance of integrating daylight and electric lighting strategies 
together with appropriate interior surface reflectance to improve overall lighting conditions within office environments. 
Fig.1 illustrates the simulation workflow adopted in the study. This study has several limitations related to both 
simulation tools and BIM object selection. In addition, several BIM objects lacked complete performance-related 
properties, creating challenges during product selection and simulation setup. Despite these limitations, the study 
provides a reliable basis for comparing daylight and electric lighting performance across market-available BIM products. 

3. Results 

3.1  Comparative Review of Window and Luminaire BIM Object Data 

The comparison of window BIM object data was carried out using information obtained from Revit BIM model 
properties, BIM library datasets, and manufacturer or official website specifications, as presented in Table 6 and 7 below.  
The comparison evaluated the availability and consistency of geometric, material, and daylight-related performance 
parameters required for BIM-based daylight analysis. The results show that basic geometric and material-related 
information, such as frame material and window configuration, was generally consistent across the analysed sources. The 
results indicate that market-available BIM objects generally provide sufficient geometric information for modelling 
purposes but may lack important performance-related parameters required for reliable daylight simulation analysis.  
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Table 6. Comparison of Window Data from Revit, BIM Library, and Manufacturer Sources 
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Window 

Name 
Property Revit (Model) BIM Library 

Manufacturer / 
Website Observation 

Window 
1 Window Type parametric Parametric Different size ⚠ Different formats 

Frame Material 
PVC-U PVC-U PVC-U 

Consistent 

Glazing Type triple double /triple double /triple ⚠ Not fixed in BIM 

Glazing Thickness 4mm ❌ Missing 4mm ⚠ Missing in BIM 

U-value 0.96 0.96 0.96  Consistent 
VLT ❌ Missing ❌ Missing ❌ Missing ❌ Critical missing 

Window 
2 Window Size 2248X1730mm Parametric Custom sizes ⚠ Different formats 

Frame Material Al + Wood Al + Wood Al + Wood Consistent 

Glazing Type Triple glazing Triple glazing 
Double & Triple 

options ⚠ Not fixed 

Glazing Thickness ❌ Missing ❌ Missing Configurable glazing ❌ Missing 

U-value 0.8–1.1 W/m²K 
Up to 0.9 
W/m²K Up to 0.9 W/m²K  Consistent 

VLT ❌ Missing 0.64 
Mentioned (Tlw ≈ 

0.64) ❌ Missing in Revit 
Window 

3 Window Size 2248 × 1730 mm Parametric Custom sizes ⚠ Different formats 

Frame Material PVC (Plastic) PVC 
PVC multi-chamber 

profile  Consistent 

Glazing Type 
❌ Not defined in 

Revit ❌ Not defined 
Double & Triple 

glazing 
⚠ Missing in 

BIM/Revit 

Glazing Thickness ❌ Missing ❌ Missing Up to 52–56 mm 
❌ Missing in 

BIM/Revit 

U-value ❌ Not defined ❌ Not defined 
Uw ≈ 0.73–0.80 

W/m²K 
❌ Missing in 

BIM/Revit 

VLT ❌ Missing ❌ Missing ❌ Not provided ❌ Critical missing 
Window 

4 Window Size 2248 × 1730 mm Parametric Custom sizes ⚠ Different formats 

Frame Material Vinyl (PVC) Vinyl (PVC) Vinyl (PVC)  Consistent 

Glazing Type 
Low-E glass 

(Revit) 
Low-E / Argon 
/ Triple option 

Double + Triple 
glazing available ⚠ Configurable 

Glazing Thickness ❌ Missing ❌ Missing Multiple IGU options ❌ Missing 

U-value ❌ Not defined ❌ Not defined 
0.18–0.42 W/m²K 
(depends on glass) ❌ Missing in Revit 

VLT ❌ Not defined ❌ Not defined 
~0.34–0.53 depending 

on glazing 
❌ Missing in 

BIM/Revit 

Window 
5 Window Size 2248 × 1730 mm  Parametric Custom sizes ⚠ Different formats 



 

 

 

 

 

 

Table 7. Comparison of  Luminaire  Data from Revit, BIM Library, and Manufacturer Sources 

Luminaire 
Name Property Revit (Model) BIM Library 

Manufacturer / 
Website Observation 

 
Luminare 

1 luminaire Type Recessed LED Panel 
Recessed LED 

Panel 
Recessed LED 

Panel Consistent 

Material 
Steel + Polycarbonate 

Diffuser Steel + Diffuser 
Steel body with 

diffuser Consistent 

Power Supply 220–240V AC Defined Defined Consistent 

IES / 
Photometric File Included (.IES) Available Available 

Important 
simulation 

data available 

UGR Value ❌ Not clearly defined 
Partial 

information 
UGR <19 product 

range 
Incomplete 

data 

Technical 
Performance 

Data Partial Moderate detail 
Comprehensive 
technical data 

Manufacturer 
source more 

complete 
 
 

Luminare    
2 luminaire Type Recessed LED Luminaire 

Recessed 
Mounted LED 

Luminaire 

Recessed 
Mounted LED 

Luminaire Consistent 

Material RAL9003 Steel Body Steel Housing 
Powder-coated 

steel body Consistent 

Power Supply 220 V 220–240V AC 220–240V AC Consistent 

IES / 
Photometric File 

BLM_025T_400D00_3K160
6040.IES Available Available 

Important 
simulation 

data available 

UGR Value ❌ Missing 
Partial 

information 
Glare-controlled 
diffuser available 

Incomplete 
Revit data 

Technical 
Performance 

Data Moderate detail 
Detailed BIM 

data 

Comprehensive 
manufacturer 
specifications 

Manufacturer 
data more 
complete 

 
 
 

Luminare 
3 luminaire Type Recessed LED Wallwasher 

Recessed 
ceiling / 

Wallwasher 
Luminaire 

LED Wallwasher 
Luminaire Consistent 
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Frame Material 
Concept material 

(generic) ❌ Not detailed ❌ Not detailed ❌ Missing 

Glazing Type Triple glazing 
❌ Not 

specified ❌ Not defined ⚠ Partial mismatch 

Glazing Thickness ❌ Not defined ❌ Not defined ❌ Not defined ❌ Missing 

U-value ❌ Not defined ❌ Not defined ❌ Not defined ❌ Missing 

VLT ❌ Not defined ❌ Not defined ❌ Not defined ❌ Critical missing 



 

Material 
Gold Dust Finish + Diffuse 

Surface 
Powder-coated 

finish 
Aluminium body 

with finish options Consistent 

Power Supply 10 VA input Defined Defined Consistent 

IES / 
Photometric File 

XAL-WALLWASHER-FLOO
R_0A8_75F5DFB.ies Available Available 

Important 
simulation 

data available 

UGR Value ❌Not clearly defined Available 
Defined by 

manufacturer 
Missing in 

Revit 

Technical 
Performance 

Data Moderate detail 
Detailed BIM 
information 

Comprehensive 
manufacturer 
specifications 

Manufacturer 
data more 
complete 

 
 
 

Luminare 
4 

luminaire Type 
Surface Mounted 
 LED Luminaire 

Surface 
Mounted LED 

Luminaire 

Circular Surface 
Mounted LED 

Luminaire Consistent 

Material White finish + Opal cover 
Powder-coated 

finish 
Aluminium body 
with opal diffuser Consistent 

Power Supply 24 VA Defined Defined Consistent 

IES / 
Photometric File XAL-OPAL_8B_832D.ies Available Available 

Important 
simulation 

data available 

UGR Value Not clearly defined Available 
Defined by 

manufacturer 
Missing in 

Revit 

Technical 
Performance 

Data Moderate detail 
Detailed BIM 
information 

Comprehensive 
manufacturer 
specifications 

Manufacturer 
data more 
complete 

Luminare 
5 

luminaire Type 
Surface Mounted  
LED Luminaire 

Ceiling Surface 
Luminaire 

Square Surface 
LED Luminaire Consistent 

Material 
Special colours + diffuse 

finish 
Powder-coated 

aluminium 

Aluminium 
housing with 

powder coating Consistent 

Power Supply 15 VA Defined Defined Consistent 

IES / 
Photometric File 

XAL-MICROPRISMATIC_6
6_CD1C.ies Available Available 

Important 
simulation 

data available 

UGR Value UGR 19 UGR ≤ 19 

DIN EN 12464-1 
compliant UGR ≤ 

19 Consistent 

Technical 
Performance 

Data Moderate detail 
Detailed BIM 
information 

Comprehensive 
manufacturer 
specifications 

Manufacturer 
data more 
complete 
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The comparison evaluated the availability and consistency of lighting-related parameters required for BIM-based electric 
lighting analysis. The results show that basic luminaire information, including luminaire type, material properties, and 
power supply specifications, was generally consistent across the analysed sources. However, several performance-related 
parameters were found to be incomplete or inconsistently represented. UGR values were not clearly defined within many 
Revit BIM object properties, although partial or complete glare-related information was available within BIM libraries 
and manufacturer specifications. Similarly, technical performance information provided within manufacturer sources was 
generally more comprehensive compared to the Revit models and BIM libraries. 

3.2 Daylight Performance Analysis  

The simulation results showed that interior surface reflectance had a noticeable influence on daylight conditions within 
the space. Increasing surface reflectance generally improved the distribution of daylight and allowed natural light to 
penetrate deeper into the room. This improvement was mainly due to increased internal reflection of light from interior 
surfaces, which enhanced the overall brightness within the office environment. The level of improvement varied between 
the analysed window systems, shown in Table 5, indicating that window characteristics also significantly influenced 
overall daylight performance. 

3.2.1. Illuminance Analysis  

The average illuminance values show a clear improvement under higher reflectance conditions. At 50% reflectance, all 
window configurations produced relatively low lighting levels, ranging from approximately 140 lux to 260 lux, which is 
below the recommended threshold. At 90% reflectance, most window configurations achieved or exceeded the required 
300 lux level. Table 8 shows the average illuminance values for all window configurations under both reflectance 
conditions. The results indicate that window 4 and window 3 provide the highest illuminance levels. In contrast, window 
2  remains below the required threshold (300 lx) even at higher reflectance, suggesting limited daylight transmission 
capability.  

Table 8. The average illuminance values for all window configurations under both reflectance conditions. 

 

 

 

 

 

 

The daylight  simulation outputs generated in Autodesk Revit Insight are represented using a colour-based illuminance 
scale. The illuminance distribution across the room for Window 1 at 50% surface reflectance is illustrated in Fig.2. In the 
simulation map, green points indicate areas achieving illuminance levels above the 300 lux threshold, representing 
adequately illuminated regions within the workspace. Red points represent areas below the required 300 lux level, 
indicating insufficient daylight conditions within the analysed space. The concentration of green points near the window 
façade demonstrates stronger daylight penetration close to the opening, while the increasing number of red points toward 
the deeper areas of the room indicates a reduction in daylight availability with distance from the window. The 
illuminance distribution across the room for each window configuration is illustrated in Appendix Fig. 3–11.  

3.2.2 Spatial Distribution of Daylight 

The percentage of area achieving at least 300 lux provides a more accurate representation of how daylight is distributed 
across the space. At 50% reflectance, all window configurations showed limited spatial daylight distribution, with 
daylight primarily concentrated near the window opening. Increasing the wall reflectance to 90% improved the 
percentage of floor area receiving at least 300 lx for all window configurations. However, noticeable differences 
remained between the window models despite using standardised dimensions, glazing transmittance, and identical 
simulation conditions. These findings indicate that commercially available BIM window objects with seemingly 
comparable specifications may not produce identical daylight simulation results. Variations in BIM object characteristics, 
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Window 50% Reflectance 90% Reflectance 

Window 1 202.6 311.5 

Window 2 142.7 290.3 

Window 3 195.5 404.2 

Window 4 259.8 421.8 

Window 5 184.5 345.0 



 
modelling approaches, or the completeness of embedded information may influence the simulated daylight distribution, 
highlighting the importance of carefully evaluating BIM object quality before conducting performance-based 
simulations. Although all window models were evaluated under identical simulation conditions, differences in spatial 
daylight distribution were observed, indicating that BIM object characteristics can influence simulation outcomes. Table 
9 shows the percentage of floor area achieving at least 300 lx for each window. The detailed Autodesk Revit Insight 
daylight schedule outputs used for the spatial daylight distribution and sDA analysis are provided in Appendix Fig. 21- 
40.   

3.2.3 Spatial Daylight Autonomy (sDA) 

Spatial Daylight Autonomy (sDA) was used to evaluate the consistency of daylight availability throughout occupied 
hours. At 50% reflectance, all window configurations recorded 0% sDA, indicating that the analysed spaces were unable 
to maintain sufficient daylight levels over time. When the interior wall reflectance was increased to 90%, noticeable 
differences emerged between the window systems.  

Table 9. Spatial Performance (% Area ≥300 lx) 

 

 

Fig.2. Illuminance distribution for window1 at 50% surface reflectance. 

 

 

13 
 

Window 50% 90% 

Window 1 9% 34% 

Window 2 0% 10% 

Window 3 11% 57% 

Window 4 25% 69% 

Window 5 11% 42% 



 
Table 10. Spatial Daylight Autonomy (sDA) 

 
 
 
 
 
 
 
 
 
 
 
 
Table 10 presents the sDA values obtained for all window configurations under both reflectance conditions. Among the 
evaluated systems, Window 3 demonstrated the strongest daylight autonomy performance, achieving 93% sDA under 
90% reflectance conditions. This indicates that a large portion of the occupied space received at least 300 lx of daylight 
for more than 50% of occupied hours. In contrast, the remaining window configurations showed considerably lower sDA 
values, suggesting limited long-term daylight availability within the deeper areas of the room. The sDA simulation 
outputs generated in Autodesk Revit Insight are represented using a pass/fail colour scale. In these visualisations, green 
points (1.0) indicate analysis points that satisfy the sDA 300/50 criterion, while red points (0.0) represent locations that 
fail to meet the required daylight autonomy condition. The distribution of these coloured points visually illustrates how 
daylight availability varies across the analysed workspace.  
As shown in Fig.3 sDA pass/fail distribution for  window 1 at 90% surface reflectance, green points are primarily 
concentrated near the window façade, where daylight penetration is strongest, whereas deeper areas of the room remain 
predominantly red due to insufficient daylight availability over time. Window 3 exhibited the largest concentration of 
green pass points, corresponding with its significantly higher sDA value and indicating more consistent daylight 
performance throughout the occupied space. The sDA pass/fail distributions for all window configurations are illustrated 
in Appendix Fig. 12–20.  

 

Fig.3. sDA pass/fail distribution for  window1 at 90% surface reflectance. 
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Window 50% 90% 

Window 1 0% 13% 

Window 2 0% 13% 

Window 3 0% 93% 

Window 4 0% 3% 

Window 5 0% 23% 



 
3.2.4 Integrated Performance Evaluation 

The combined evaluation of illuminance, spatial coverage, and Spatial Daylight Autonomy (sDA 300/50) revealed 
noticeable differences in daylight performance among the analysed window configurations. Although all windows were 
assessed under identical room geometry, orientation, glazing transmittance, and simulation conditions, variations were 
observed in daylight penetration, spatial distribution, and daylight availability throughout the occupied period. These 
differences indicate that commercially available BIM window objects with similar specifications do not necessarily 
produce equivalent simulation outcomes. The findings suggest that variations in BIM object characteristics, modelling 
approaches, or the completeness of embedded information may influence daylight simulation results. Increasing the 
interior wall reflectance from 50% to 90% improved daylight distribution and increased the illuminated floor area for all 
window configurations, confirming the positive influence of interior surface reflectance on daylight performance. 
However, the observed differences between the window configurations demonstrate that daylight performance is affected 
not only by interior reflectance but also by the characteristics and quality of the BIM window objects used in the 
simulation. These results highlight the importance of verifying the completeness and consistency of 
manufacturer-provided BIM objects before using them in performance-based daylight analyses. A summary of the 
overall daylight performance is presented in Table 11 below. 

Table 11 . Overall Daylight Performance Comparison of Window Configurations 

 

 

 

 

 

 

 

 

 

 

Note: 

●​ Illuminance: Very Low (<150 lux), Low (150–300 lux), Moderate (300–500 lux), High (500–1000 lux), Very 
High (>1000 lux). 

●​  Spatial Coverage: Very Low (<25%), Low (25–50%), Moderate (50–70%), High (70–90%), Very High (>90%). 
●​ sDA: Very Low (<35%), Low (35–55%), Moderate (55–75%), High (75–90%), Very High (>90%). 

3.3 Electric Lighting Performance Analysis  

Table 12 presents the electric lighting simulation results obtained for all analysed luminaires under both 50% and 90% 
interior surface reflectance conditions. The results indicate that increasing interior surface reflectance generally improved 
the lighting performance of all analysed luminaires. Higher reflectance conditions produced increased average 
illuminance values and improved lighting distribution due to enhanced internal reflection and redistribution of light 
within the room. (Liu et al., 2021; Bellia et al., 2023). 

The electric lighting simulations revealed noticeable differences in illuminance performance and lighting uniformity 
among the analysed luminaires. Increasing the interior wall reflectance from 50% to 90% resulted in higher average 
illuminance and improved lighting uniformity for all luminaire configurations, demonstrating the positive influence of 
interior surface reflectance on the redistribution of electric light within the room. However, variations in lighting 
performance remained evident despite all luminaires being evaluated under identical room geometry, ceiling layout, 
mounting height, and simulation conditions. These findings indicate that commercially available BIM luminaire objects 
with similar installation conditions do not necessarily produce equivalent lighting performance. The observed differences 
are likely influenced by manufacturer-defined photometric characteristics embedded within the IES files, together with 
variations in the BIM object data used during the simulations. Consequently, the quality and completeness of BIM object 
information can affect the reliability of simulation outcomes and should be carefully considered when selecting 
luminaires for BIM-integrated lighting analyses. 
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Window Illuminance 
Performance 

Spatial 
Coverage 

Daylight 
Autonomy (sDA) 

Window 1 Moderate Low Low 

Window 2 Low Very Low Low 

Window 3 High High Very High 

Window 4 Very High Very High Very Low 

Window 5 Moderate Moderate Low 



 
Table 12. Electric lighting performance results for all luminaires under 50% and 90% interior surface reflectance 

conditions  

Luminaire Average​
 Illuminance (Eh) 

Minimum​
 Illuminance (Emin) 

Maximum​
 Illuminance (Emax) 

Uniformity​
 Ratio (U₀) 

50% 90 % 50% 90 % 50% 90 % 50% 90 % 

Luminaire 1 652.38 842.12 325.6 530.1 1038.5 1219.1 0.499 0.629 

Luminaire 2 356.67 481.26 203.2 332.3 543.2 666.8 0.569 0.69 

Luminaire 3 116.44 141.35 10.9 30.1 342.9 371.2 0.093 0.212 

Luminaire 4 362.23 499.91 207.5 348.3 545.1 683.2 0.572 0.696 

Luminaire 5 246.78 322.23 120.6 198.2 409.2 481 0.488 0.615 

The illuminance distribution maps generated in ElumTools supported these findings by illustrating the spatial distribution 
of electric lighting throughout the workspace. Higher illuminance levels were generally concentrated beneath the 
luminaires, while lower illuminance values occurred toward the room perimeter. Under the 90% reflectance condition, 
larger illuminated areas and fewer low-illuminance regions were observed, indicating a more uniform distribution of light 
within the interior space. Figure 4 presents an example of the illuminance distribution generated in ElumTools under the 
50% reflectance condition.  

 

Fig.4. Illuminance distribution generated in ElumTools for Luminaire 1 under 50% surface reflectance conditions.  

                      Table 13. Overall electric lighting performance comparison of analysed luminaires  
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 Luminaire Illuminance 
Performance 

Uniformity 
Performance 

Luminaire 1 Very High Moderate 

Luminaire 2 Moderate Moderate 

Luminaire 3 Very Low Very Low 

Luminaire 4 Moderate High 

Luminaire 5 Low–Moderate Moderate 



 
 
Note: 

●​ Illuminance:Very Low (<200 lx), Low (200–350 lx), Moderate (350–500 lx), High (500–700 lx), Very High 
(>700 lx) 

●​ Uniformity Performance (U₀): Very Low (<0.20), Low (0.20–0.40), Moderate (0.40–0.60), High (>0.60) 

The comparison demonstrates that lighting performance varied between the analysed luminaires, even though all 
simulations were conducted under identical room geometry, mounting conditions, and simulation settings. These 
differences indicate that manufacturer-provided BIM objects and their associated photometric data can influence 
simulation outcomes. Consequently, the selection of BIM objects may affect the interpretation of lighting performance if 
the embedded data are incomplete, inconsistent, or represented differently. This finding highlights the importance of 
verifying the quality and completeness of BIM object information before using it for performance-based lighting 
simulations. Careful evaluation of BIM objects helps improve the reliability, transparency, and reproducibility of 
BIM-integrated simulation workflows. Illuminance distribution maps generated in ElumTools for all luminaires are 
presented in Appendix Figures 41–49.  

4. Discussions 

4.1 BIM Object Data Completeness and Suitability for Lighting Simulations (RQ1)  

The comparative evaluation of the selected window and luminaire BIM objects revealed several limitations affecting 
their suitability for BIM-integrated daylight and electric lighting simulations. The findings directly address Research 
Question 1, demonstrating that commercially available BIM objects often contain incomplete or inconsistent geometric, 
material, environmental, and photometric information. Five window and five luminaire BIM objects were selected 
because they provided sufficient information to support the planned simulations. However, none of the selected BIM 
objects contained a complete set of the properties required for reliable lighting analysis. Consequently, several parameters 
had to be verified using manufacturer documentation and, where necessary, manually assigned before simulation. These 
findings indicate that the reliability of BIM-based lighting simulations depends not only on the simulation software but 
also on the quality and completeness of the BIM objects used as input.  

One of the main challenges encountered during the selection of window systems was the lack of important 
daylight-related performance parameters within Revit BIM object properties and BIM library datasets. Many window 
BIM objects contained only basic geometric information, such as dimensions, frame materials, and window 
configuration, while critical simulation-related properties, including glazing type, glazing thickness, Visible Light 
Transmittance (VLT), and optical transmittance values, were frequently missing. Since these parameters directly 
influence daylight penetration, illuminance distribution, and Spatial Daylight Autonomy (sDA), their absence created 
significant difficulties in selecting suitable window systems for daylight analysis (Liu et al., 2021; He et al., 2025). 
Consequently, the VLT values were manually assigned using manufacturer data to ensure compatibility with the 
simulation requirements. Additional challenges were observed when reviewing BIM objects obtained from external BIM 
platforms such as BIMobject and BIMsmith. Although these platforms provided access to commercially available 
products, the completeness and quality of the technical information varied considerably between manufacturers and BIM 
objects. Some BIM objects included detailed geometric models but lacked environmental performance properties such as 
U-value (thermal transmittance), solar heat gain coefficient (SHGC), and other thermal performance information, while 
others provided only partial technical data that could not be directly integrated into the BIM simulation workflow. 
Similar BIM data limitations have also been reported in previous BIM-based environmental simulation studies (Michelon 
et al., 2024; Ramhamdani, 2025). 

 The selection of luminaires presented similar difficulties during the electric lighting analysis. In several cases, Revit 
Family (.rfa) files were available without embedded IES photometric files required for electric lighting simulation in 
ElumTools. Important lighting-related parameters such as colour temperature, luminous flux, Unified Glare Rating 
(UGR), and photometric distribution characteristics were also incomplete or inconsistently represented across BIM 
objects and manufacturer sources. In addition, identifying luminaires with suitable dimensions, realistic office lighting 
characteristics, and compatible photometric data proved challenging during the preselection stage. Consequently, several 
commercially available luminaires had to be excluded from the study because they did not satisfy both the simulation 
requirements and the availability of complete technical information that are required for the simulation. These limitations 
influenced both the simulation workflow and the interpretation of lighting performance results. Missing glazing 
properties may partially explain variations observed in daylight distribution and daylight autonomy between the analysed 
window systems, while incomplete photometric information may affect the accuracy of electric lighting simulation and 
visual comfort evaluation. Overall, the findings demonstrate that while market-available BIM objects are generally 
suitable for geometric modelling and visual representation, their effectiveness for detailed environmental simulation 
depends heavily on the completeness and reliability of embedded technical data. The study therefore highlights the 
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importance of improved BIM object standardisation containing complete optical, material, and photometric information 
to support more reliable BIM-based environmental simulation workflows. 

4.2 Challenges and Opportunities in BIM-Integrated Simulation Workflows (RQ2)  

This section addresses the second research question regarding the opportunities and challenges associated with 
BIM-integrated simulation workflows for daylight and electric lighting evaluation. The study demonstrated that the 
integration of Autodesk Revit Insight and ElumTools provided a practical workflow for evaluating lighting performance 
within a consistent BIM environment. The workflow enabled direct simulation of illuminance distribution, Spatial 
Daylight Autonomy (sDA), lighting uniformity, and visual performance using realistic room geometry and 
manufacturer-based photometric data. The simulation process involved several stages prior to analysis. After selecting 
suitable BIM objects, the workflow included verification of BIM object properties, checking software compatibility, 
adjusting glazing transmittance and reflectance values, and validating photometric information before simulation. 
Autodesk Revit Insight was used to conduct climate-based daylight simulations using weather data corresponding to 
Jönköping, Sweden, while ElumTools was used for electric lighting analysis through manufacturer-provided IES 
photometric files. The BIM-integrated workflow also enabled direct comparison between multiple market-available 
window and luminaire systems under controlled simulation conditions. The colour-based simulation visualisations 
generated by both tools improved interpretation of lighting behaviour and supported identification of under-illuminated 
areas, high illuminance regions, and variations in lighting distribution within the workspace. Despite these advantages, 
several workflow-related limitations were identified during the analysis process. Some BIM objects required manual 
adjustment of glazing transmittance values, material properties, and reflectance conditions before simulation. In addition, 
certain simulation outputs required manual extraction and calculation using illuminance grid values obtained from the 
simulation environment. As shown in Tables 6 and 7 , several BIM objects contained inconsistent or missing geometric, 
material, environmental, and photometric properties. These interoperability differences reduced the direct usability of 
manufacturer BIM objects within the BIM-integrated simulation workflow and required additional verification before 
simulation.  Interoperability differences between BIM libraries, Revit families, and manufacturer datasets also created 
challenges during validation of simulation results. Similar interoperability limitations have been reported in previous 
BIM-based environmental simulation studies (Autodesk, 2023; Michelon et al., 2024). Another important limitation was 
the inability of Autodesk Revit Insight to directly provide advanced daylight glare metrics such as DGP As a result, 
visual comfort under daylight conditions was evaluated indirectly using illuminance distribution, daylight consistency, 
and brightness contrast analysis (Sun et al., 2020). Although this approach provides useful indicators of potential visual 
discomfort, it does not fully represent occupant glare perception under dynamic daylight conditions.  

4.3  Influence of BIM Object Characteristics on Daylight and Electric Lighting Performance (RQ3)  

The findings presented in this section address the third research question by examining how the characteristics of 
market-available window and luminaire BIM objects influence daylight and electric lighting performance within a 
BIM-integrated simulation workflow. The results demonstrated that lighting performance was affected not only by 
interior surface reflectance but also by the information embedded within the BIM objects. Although all window and 
luminaire configurations were evaluated using the same room geometry, orientation, simulation settings, and standardised 
modelling conditions, noticeable differences in daylight availability, electric lighting distribution, and visual performance 
were observed. These findings indicate that BIM objects with seemingly comparable specifications do not necessarily 
produce identical simulation outcomes. 

Increasing the interior wall reflectance from 50% to 90% improved illuminance levels, daylight penetration, spatial 
daylight distribution, and electric lighting redistribution across all simulation scenarios. This improvement can be 
attributed to the increased reflection of light from interior surfaces, allowing both natural and electric light to penetrate 
more effectively into deeper areas of the room (Liu et al., 2021; DiLaura, 2010). However, differences in daylight 
performance remained evident even after standardising the window dimensions, glazing transmittance, room geometry, 
and simulation conditions. These findings suggest that variations in the representation, completeness, and embedded 
properties of commercially available BIM window objects may influence daylight simulation results. Consequently, 
simulation outcomes should not be interpreted solely as differences in product performance but also as reflecting 
differences in the quality and completeness of the BIM objects used in the analysis. 

A similar pattern was observed in the electric lighting simulations. Although all luminaires were installed within the 
same office model using identical mounting conditions and evaluation procedures, variations in illuminance levels and 
lighting uniformity were identified between the different BIM objects. These differences are likely associated with 
manufacturer-defined photometric characteristics contained within the IES files and the completeness of the photometric 
information available for each luminaire. The illuminance distribution maps generated in ElumTools further supported 
these observations by illustrating variations in light distribution throughout the workspace. Higher wall reflectance 
produced larger illuminated areas and reduced low-illuminance regions, resulting in a more balanced lighting 
environment. 
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The results also demonstrate that illuminance alone is not sufficient to evaluate lighting quality. While adequate 
illuminance is essential for supporting office-related visual tasks, visual comfort depends on the uniform distribution of 
light across the occupied space. In this study, daylight visual comfort was assessed using illuminance distribution, while 
electric lighting visual comfort was evaluated using the lighting uniformity ratio (U₀). These indicators showed that 
lighting quality depends not only on the amount of light provided but also on how consistently it is distributed throughout 
the workspace (Bellia et al., 2023; EN 12464-1, 2021). The reliability of BIM-integrated daylight and electric lighting 
simulations depends on both the simulation workflow and the quality of the BIM objects used as input. Incomplete or 
inconsistent geometric, material, optical, and photometric information can influence simulation outcomes, even when 
identical modelling conditions are applied. These findings highlight the importance of verifying manufacturer-provided 
BIM objects before their use in performance-based lighting analyses and demonstrate the value of BIM-integrated 
simulation workflows as decision-support tools during the early stages of building design. 

4.4 Limitations  

This study has several limitations that should be considered when interpreting the findings. First, the evaluation was 
based on a selected sample of five commercially available window BIM objects and five luminaire BIM objects obtained 
from a limited number of BIM libraries and manufacturer sources. Although these objects were chosen to represent 
commonly available products, the results may not fully represent the complete range of BIM content currently available 
in the market. The simulations were conducted using a single office room configuration located in Jönköping, Sweden, 
with fixed room geometry, orientation, and lighting layout. Consequently, the findings may differ for other building 
types, climatic conditions, room geometries, or lighting arrangements. 

Another limitation relates to the capabilities of the selected simulation tools. Autodesk Revit Insight does not directly 
support advanced glare metrics such as Daylight Glare Probability (DGP) or spectral lighting analysis. Therefore, visual 
comfort was evaluated indirectly using illuminance distribution and lighting uniformity rather than direct glare 
assessment. Similarly, the study focused on visual performance and visual comfort and did not evaluate non-visual 
lighting effects, occupant perception, or physiological responses.Finally, the study considered controlled simulation 
conditions and did not include factors such as dynamic shading systems, occupant behaviour, furniture layouts, seasonal 
occupancy patterns, or building energy performance. These factors may influence lighting performance in real buildings 
and should be considered in future studies. 

5. CONCLUSIONS, RECOMMENDATIONS AND FURTHER RESEARCH 

This study investigated the application of BIM-integrated simulation workflows for evaluating daylight and electric 
lighting performance in office environments using commercially available window and luminaire BIM objects. Autodesk 
Revit Insight and ElumTools were successfully integrated to assess daylight availability, illuminance distribution, spatial 
daylight autonomy (sDA), and electric lighting performance under controlled simulation conditions. The study 
demonstrated that BIM-integrated simulation workflows provide a practical approach for evaluating lighting performance 
during the early stages of building design. However, the results also showed that the reliability of these simulations 
depends heavily on the quality, completeness, and consistency of the BIM objects used.  

The comparative evaluation of BIM object data showed that basic geometric and material-related information was 
generally available across Revit BIM object properties, BIM libraries, and manufacturer specifications. Several important 
daylight and electric lighting parameters, including visible light transmittance (VLT), glazing thickness, glare-related 
data, luminous flux values, and photometric information, were frequently incomplete or inconsistently represented. These 
limitations created challenges during the simulation workflow and indicate that market-available BIM objects still require 
improvement to support reliable environmental performance analysis (Michelon et al., 2024; Ramhamdani, 2025).The 
study also identified both opportunities and challenges associated with BIM-integrated lighting simulation workflows. 
The integration of Autodesk Revit Insight and ElumTools enabled direct evaluation of illuminance distribution, daylight 
penetration, daylight autonomy, lighting uniformity, visual performance, and visual comfort within a single BIM 
environment. However, incomplete BIM object data, missing IES photometric files, and limited glare analysis 
capabilities influenced the reliability and efficiency of the workflow (Autodesk, 2023).The daylight analysis 
demonstrated that both window configuration and interior surface reflectance strongly influence indoor lighting 
conditions. Increasing surface reflectance from 50% to 90% improved illuminance levels, daylight penetration, spatial 
daylight distribution, and daylight autonomy across all analysed window systems. 

Similarly, the electric lighting analysis showed that luminaire photometric characteristics and interior surface reflectance 
significantly affect illuminance distribution and lighting uniformity within office environments. Higher reflectance 
conditions improved overall electric lighting performance by enhancing the redistribution of light within the room. 
Overall, the study confirms that BIM-integrated simulation workflows provide a practical and effective approach for 
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evaluating daylight and electric lighting performance in office environments. The findings further demonstrate that 
achieving effective visual performance and visual comfort depends not only on adequate illuminance levels but also on 
maintaining balanced and consistent lighting conditions throughout the occupied space. 

5.1 Recommendations 

Based on the findings of this study, several recommendations can be proposed for BIM-based lighting design in office 
environments: 

●​ Greater standardisation of BIM object datasets is recommended to improve the reliability of simulation-based 
environmental analysis workflows. 

●​ Window systems achieving balanced daylight distribution and higher Spatial Daylight Autonomy should be 
prioritised over systems producing only high instantaneous illuminance levels. 

●​ Interior surface reflectance should be carefully considered during the design stage because higher reflectance 
conditions significantly improved daylight penetration, illuminance distribution, and electric lighting 
performance. 

●​ Luminaires providing balanced light distribution together with complete photometric information should be 
preferred for office lighting applications. 

●​ BIM object selection should include verification of manufacturer specifications to ensure the availability of 
important simulation-related parameters such as VLT values, glazing specifications, luminous flux, UGR values, 
and IES photometric files. 

5.2 Further Research 

Future studies could expand this research by integrating advanced glare analysis methods such as Daylight Glare 
Probability (DGP), dynamic daylight simulation, and energy performance evaluation within BIM-integrated workflows. 
Additional research could also investigate occupant-based visual comfort assessment, seasonal daylight variation, and the 
interoperability between BIM platforms and environmental simulation tools.Further development of standardised BIM 
object datasets containing complete optical, thermal, and photometric information would also improve the reliability and 
efficiency of performance-based lighting analysis in future building design practice. 
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APPENDIX 

 

  

Fig. 1. PRISMA Flow Diagram Showing the Selection Procedure of Relevant Studies 
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Fig. 2. Plan View of Selected Office Room with Highlighted Window Position and Building 

 

Table 1. Manufacturer and BIM-Based Details of Selected Window Families  

Properties Window 1 Window 2 Window 3 Window4  Window 5 

Link bimstore - 
Deceuninck - 

Fully Reversible 
Window FRW3  

BIM objects - 
Free 

download! 
FTV09 | 

Fixed 
Window 

triple glazed | 
BIMobject  

BIM objects - 
Free download! 
S9000 Turn and 
tilt Window with 

fixed Sublight and 
fixed Window | 

BIMobject  

https://market.bims
mith.com/product/Pl
y-Gem/revit-bim-Pr
o-Series-700-Awnin
g-Window-Single-1

659 

https://source.lattira.c
om/en/se/product/enk
elfonstersystem-med-t
opphangd-oppningsba
r-ljusinslapp/2tH77u7
PerJoFqTwc3sR5e/aZ
r21dYJpu2pvKGaMX

5Sgr  

 

Table 2. Manufacturer and BIM-Based Details of Selected Luminaires  

Properties Luminare 1 Luminare 2 Luminare 3 Luminare 4 
Luminare 

5 
  

Link 

https://www.bi
mobject.com/en
/metalmek/prod

uct/2080 

https://www.bimobj
ect.com/en/eae_elek
trik/product/bloom_r

ecessed_mounted 

https://www.bimobj
ect.com/en/xal/prod
uct/sasso_60_squar
e_wallwasher_floor

_trimless 

https://www.bimob
ject.com/en/xal/pro
duct/flow_450_sur

face 

https://w
ww.bimo
bject.com
/en/xal/pr
oduct/task
_square_s

urface 
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Fig. 3. Illuminance distribution (lux) for Window 1 at 90% surface reflectance. 

 

 

Fig. 4. Illuminance distribution (lux) for window 2 at 50% surface reflectance. 
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 Fig. 5. Illuminance distribution (lux) for window 2 at 90% surface reflectance. 

 

Fig. 6. Illuminance distribution (lux) for window 3 at 50% surface reflectance. 
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​
 Fig. 7. Illuminance distribution (lux) for window 3 at 90% surface reflectance. 

 

Fig. 8. Illuminance distribution (lux) for window 4 at 50% surface reflectance. 
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​
Fig. 9. Illuminance distribution (lux) for window 4 at 90% surface reflectance. 

 

Fig. 10. Illuminance distribution (lux) for  window 5 at 50% surface reflectance. 
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​
Fig.11. Illuminance distribution (lux) for window 5 at 90% surface reflectance. 

 

 

Fig.12. sDA pass/fail distribution for window 1 at 50% surface reflectance. 
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Fig.13. sDA pass/fail distribution for  window 2 at 50% surface reflectance. 

 

Fig. 14. sDA pass/fail distribution for window 2 at 90% surface reflectance. 
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Fig.15. sDA pass/fail distribution for window 3  at 50% surface reflectance. 

 

Fig.16. sDA pass/fail distribution for window 3  at 90% surface reflectance. 
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Fig.17. sDA pass/fail distribution for window 4 at 50% surface reflectance. 

 

Fig.18. sDA pass/fail distribution for window 4 at 90% surface reflectance. 

 

31 
 



 

 

Fig.19. sDA pass/fail distribution for window 5 at 50% surface reflectance. 

 

Fig. 20. sDA pass/fail distribution for window 5 at 90% surface reflectance. 
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Fig. 21. sDA Schedule Results for Window 1 (50% Reflectance)  

 
 

 
Fig. 22. sDA Schedule Results for Window 1 (90% Reflectance)  

 

 
Fig. 23. Daylight Threshold Schedule Results for Window 1 (50% Reflectance) 

 

 
Fig. 24. Daylight Threshold Schedule Results for Window 1 (90% Reflectance) 

 

 

 
 

Fig. 25. sDA Schedule Results for Window 2 (50% Reflectance)  
 
 

 

Fig. 26. sDA Schedule Results for Window 2 (90% Reflectance)  

 

Fig. 27. Daylight Threshold Schedule Results for Window 2 (50% Reflectance) 
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Fig. 28. Daylight Threshold Schedule Results for Window 2 (90% Reflectance) 

 
 

 

Fig. 29. sDA Schedule Results for Window 3 (50% Reflectance)  
 
 

 

Fig. 30. sDA Schedule Results for Window 3 (90% Reflectance)  

 

Fig. 31. Daylight Threshold Schedule Results for Window 3 (50% Reflectance) 

 

 

Fig. 32. Daylight Threshold Schedule Results for Window 3 (90% Reflectance) 

 

 

Fig. 33. sDA Schedule Results for Window 4 (50% Reflectance)  
 

 

Fig. 34. sDA Schedule Results for Window 4 (90% Reflectance) 

34 
 



 

 

Fig. 35. Daylight Threshold Schedule Results for Window 4 (50% Reflectance) 

 

 

Fig. 36. Daylight Threshold Schedule Results for Window 4 (90% Reflectance) 

 

 

Fig. 37. sDA Schedule Results for Window 5 (50% Reflectance)  
 
 

 

Fig. 38.  sDA Schedule Results for Window 5 (90% Reflectance)  
 
 

 

Fig. 39. Daylight Threshold Schedule Results for Window 5 (50% Reflectance) 

 

 

Fig. 40. Daylight Threshold Schedule Results for Window 5 (90% Reflectance) 
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Fig. 41. Illuminance distribution generated in ElumTools for Luminaire 1 under 90% surface reflectance conditions.  

 

Fig. 42. Illuminance distribution generated in ElumTools for Luminaire 2 under 50% surface reflectance conditions.  
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Fig. 43. Illuminance distribution generated in ElumTools for Luminaire 2 under 90% surface reflectance conditions.  

 

Fig. 44. Illuminance distribution generated in ElumTools for Luminaire 3 under 50% surface reflectance conditions.  
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Fig. 45. Illuminance distribution generated in ElumTools for Luminaire 3 under 90% surface reflectance conditions.  

 

 

Fig. 46. Illuminance distribution generated in ElumTools for Luminaire 4 under 50% surface reflectance conditions. 
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Fig. 47. Illuminance distribution generated in ElumTools for Luminaire 4 under 90% surface reflectance conditions. 

 

 

Fig. 48. Illuminance distribution generated in ElumTools for Luminaire 5 under 50% surface reflectance conditions. 

 

39 
 



 

 

Fig. 49. Illuminance distribution generated in ElumTools for Luminaire 5 under 90% surface reflectance conditions. 
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