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A  B  S  T  R  A  C  T  

This study addresses the pressing challenge of high energy consumption and inadequate daylight 
utilization in office buildings located in hot and dry climates, particularly in Isfahan, Iran. Given the 
region’s intense solar radiation and the significant share of buildings in total energy use, enhancing 
daylight penetration while reducing cooling and lighting loads is vital for sustainable urban 
development. This approach aligns with the journal’s focus on passive design strategies and 
sustainable energy solutions for climate-sensitive environments. To tackle this issue, a hybrid 
approach was employed that integrates parametric modeling with multi-objective optimization. The 
geometry of the office space and light shelf systems was modeled in Rhinoceros/Grasshopper, 
daylight simulations were performed using Honeybee with Radiance, and energy analysis was 
carried out through EnergyPlus. Optimization leveraged the NSGA-II algorithm via the Wallacei 
plugin, targeting both energy use intensity (EUI) and spatial useful daylight illuminance (sUDI). 
Over 2400 scenarios were analyzed to determine the optimal light shelf configuration. Results 
revealed that the optimized system, featuring an 85 cm external depth, a 28° tilt angle, and a 
reflectance of 0.9, can reduce annual EUI by approximately 5.8% and improve sUDI by over 53%, 
while glare was reduced by about 70% during peak hours. Additionally, daylight autonomy (DA) 
and continuous DA metrics indicated that nearly two-thirds of the occupied space consistently 
received adequate natural light. These findings underscore the potential of integrating passive 
daylighting strategies, such as optimized light shelves, in enhancing visual comfort and minimizing 
energy demands in office buildings within arid climates. Future research could explore adaptive or 
movable systems to further enhance performance.

1. Introduction

Energy consumption in buildings continues to pose a major challenge to achieving sustainable development, particularly in
developing countries. Recent studies indicate that buildings account for approximately 30–40% of global energy use, with a 
substantial share related to lighting demands in office spaces [1,2]. Daylight, as a renewable and freely available resource, has 
significant potential to reduce reliance on artificial lighting and consequently lower energy consumption [3,4]. Beyond energy 
savings, recent investigations emphasize the critical role of natural lighting in improving indoor environmental quality, visual 
comfort, productivity, and even mental health [3,5–7]. 

In hot and dry climates like Isfahan, however, direct solar radiation often leads to excessive glare, increased cooling loads, and 
thermal discomfort [4,8,9]. Balancing the benefits of daylight with strategies to mitigate these negative impacts has become an 
important focus in building design research. In this context, passive daylighting systems, particularly light shelves, have gained 
prominence for their ability to redirect sunlight deeper into interior spaces, enhance daylight uniformity, reduce glare, and 
simultaneously limit unwanted heat gains [4,9,10-15]. 
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Recent research from 2021 to 2025 highlights the importance of climate-responsive daylighting and integrated building systems. 
For instance, in [6,9] demonstrated that optimizing façade elements, such as light shelves and window-to-wall ratios, significantly 
improves visual comfort and reduces energy demand in hot climates. References [10] and [7] showed that multi-objective 
optimization of light shelf configurations can achieve notable reductions in glare and energy use in hot-arid regions. Furthermore, 
studies like [8] and [11] emphasized the value of combining daylighting with energy-efficient systems to achieve sustainable 
performance in office buildings. 

Daylight is a crucial component of sustainable building design, significantly improving interior quality, user well-being, and 
energy efficiency. Beyond basic illumination, effective daylighting design must mitigate glare, visual discomfort, and overheating 
[8]. Studies confirm that natural lighting in workspaces enhances mood, satisfaction, productivity, and reduces energy demand 
[9,10]. 

In office environments, where occupants spend extended hours, even minor improvements in lighting can yield considerable 
performance benefits [11]. Optimal daylighting requires consideration of climate, orientation, and spatial layout. Passive systems 
such as windows, shading devices, and light shelves play a vital role in maximizing daylight efficiency [12,13]. 

Daylighting performance is assessed using indices like daylight factor, daylight sufficiency, spatial and continuous sufficiency, 
and UDI, guiding design decisions [14]. Among passive strategies, light shelves are particularly effective in redirecting daylight deep 
into interior spaces, reducing artificial lighting needs, and enhancing visual comfort. Their performance depends on geometry, 
material properties, reflectance, and installation height [15,16]. 

The building envelope also critically affects light and energy exchange. Elements such as window-to-wall ratio, glazing type, 
shading, and insulation influence both daylight availability and thermal performance [17,18]. Integrative design tailored to climate 
and user needs ensures sustainable outcomes in office buildings. 

In recent years, energy optimization in office buildings has prioritized natural light use. Light shelves offer a non-mechanical 
solution by reflecting light toward ceilings and enhancing light distribution while minimizing glare [19,20]. Their effectiveness is 
influenced by location, sun angle, architectural design, and material reflectivity. In hot and arid climates like Isfahan, they 
significantly reduce cooling loads [21]. 

Research suggests movable shelves outperform fixed ones by adapting to seasonal and daily light conditions. Simulations using 
DIALux and Radiance show improved UDI and DA with optimized designs [22,23]. Also, in [23] the authors reported that such 
systems could reduce energy use by 30–50%. 

Moreover, natural light positively affects psychological well-being and productivity. Studies highlight increased comfort, reduced 
stress, and better task performance in naturally lit offices [24–26]. Advanced technologies like smart glasses and responsive glazing 
systems further enhance energy performance by adjusting light transmittance automatically [25]. 

Integrated approaches combining light shelves with double-glazed windows, shading devices, and natural ventilation provide 
comprehensive solutions. Research shows that these combinations can improve air quality and reduce both lighting and HVAC loads 
[27,28]. Design strategies should align with local climate, particularly in arid zones, where smart façades and adaptive shading are 
critical [29]. 

Despite these advances, systematic studies focusing on optimizing light shelf geometry and material properties for Iranian hot-
arid zones, particularly high solar radiation cities like Isfahan, remain limited. This study addresses this gap by employing an 
integrated approach that combines parametric modeling, daylight and energy simulations, and multi-objective optimization to 
maximize daylight use while minimizing energy consumption. The novelty of this research lies in holistically optimizing both 
geometric and reflective properties of light shelves specifically for hot-arid office buildings, providing a tailored strategy that 
simultaneously improves DA, glare control, and energy efficiency under local climatic conditions. 

This study directly contributes to ongoing discourse in sustainable building practices and passive system optimization. By 
addressing a critical climatic context (hot-arid zones) through performance-based design and evolutionary simulation techniques, 
the work aligns with the journal’s thematic priorities on energy-efficient design, daylighting innovation, and resource-resilient 
architectural solutions. The methodological integration of optimization algorithms and climate-responsive modeling demonstrates 
the potential for practical low-carbon strategies in office environments of arid regions. 

2. Introduction of the Case Study 

The selected site, shown in Figure 1, is on Kaveh Boulevard, Isfahan, where the current Engineering Organization building stands 
amid office buildings. The area is about 584 m². The site currently hosts a 4-story building, shown in Figure 2. The organization 
aims to redesign it, and a preliminary confidential plan already exists. 

Isfahan (51°39′40″E, 32°38′30″N) has a dry climate with hot summers and winter rainfall. Regional climate varies by altitude, 
with humidity decreasing and temperature rising from west to east and south to north. 

3. Optimization Framework Using NSGA-II Algorithm 

To identify the optimal light shelf configuration, this study employed the NSGA-II, a widely used multi-objective evolutionary 
algorithm known for its computational efficiency and ability to maintain diverse solutions on the Pareto front. The optimization 
process was executed using the Wallacei plugin within the Grasshopper environment, which enables population-based evolutionary 
simulations integrated with parametric modeling and environmental performance metrics. 
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3.1. Theoretical Foundations 

NSGA-II is based on the principles of natural selection and genetic evolution. It simultaneously optimizes multiple conflicting 
objectives by identifying a set of non-dominated solutions. The algorithm uses a non-dominated sorting mechanism and a crowding 
distance comparison operator to preserve diversity across the Pareto front. Each generation involves selection, crossover, and 
mutation to evolve the population toward optimal trade-offs between objectives. 

Mathematically, for a set of objective functions f1(x), f2(x), ..., fk(x), the goal is to minimize (or maximize) all objectives, as given 
in Equation (1): 

( ) ( ) ( ) ( )  = kMinimize F x     f x , f x , ..., f x ,   x   ₁ ₂  (1) 
Where Ω represents the set of feasible solutions subject to design constraints. A solution x₁ dominates x₂ if it is no worse in all 

objectives and strictly better in at least one. The algorithm iteratively builds a Pareto-optimal set by ranking solutions through fast 
non-dominated sorting and crowding distance calculation. 

 
Figure 1. Location of the project site in Isfahan, illustrating the urban and climatic context for the daylight and energy optimization study. 

 
Figure 2. Current environmental and architectural conditions of Isfahan city, highlighting typical building typologies and solar exposure characteristics 

relevant to the study. 
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3.2. Implementation and Parameter Settings 

The optimization targeted two conflicting objectives: 
- Minimization of EUI 
- Maximization of sUDI 
The following parameters were defined in Wallacei to control the evolutionary process: 
- Population size: 120 individuals 
- Number of generations: 20 
- Crossover rate: 0.85 
- Mutation rate: 0.05 
- Elitism count: 10% 
These values were selected based on prior sensitivity analysis and benchmarking studies [30], balancing exploration and 

convergence speed. Over 2,400 unique design scenarios were generated and evaluated through coupled daylight and energy 
simulations. The integration of NSGA-II with the parametric design model ensured that optimal trade-offs between energy 
performance and daylight quality were discovered efficiently, enabling a holistic understanding of light shelf behavior in a hot-arid 
context. 

4. Materials and Methods 

4.1. Research Framework and Approach 

This study adopted a descriptive-analytical methodology integrating parametric simulation, dynamic performance analysis, and 
multi-objective optimization. The workflow consisted of: (1) geometric and climatic modeling of an office space in Isfahan, Iran; (2) 
daylighting simulations using ray-tracing; (3) thermal simulations considering convective and radiative exchanges; (4) optimization 
using the NSGA-II algorithm; and (5) structured decision-making to identify the optimal design (Figure 3). 

 

 
Figure 3. Research framework. 



A. Keshtkar-Ghalati Journal of Green Energy Research and Innovation 
 

              

18  
 

4.2. Geometric Model and Climatic Data 

The simulated space represents a typical office room measuring 8.5 × 3.9 × 3.1 m with a south-facing window, based on 
configurations by Reinhart et al. [31]. Geometry was modeled in Rhinoceros 7 using the Grasshopper visual scripting environment. 
Climate data were obtained in EPW format from the OneBuilding platform [32], representing a hot-arid climate profile for Isfahan 
(Figure 4, Table 1). 

4.3. Daylight Simulation Using Radiance 

Daylight simulations were performed using Honeybee+ and Radiance, employing a backward ray-tracing algorithm [33]. The 
simulation settings included: `-ab 5` (ambient bounces), `-ad 2048` (ambient divisions), `-as 512` (ambient super-samples), and `-ar 
512` (resolution), ensuring high accuracy in light propagation and interreflections. Both diffuse and specular reflections were 
modeled using material properties with appropriate roughness and reflectance parameters [34]. A continuous dimming lighting 
control strategy was incorporated, where electric lighting demand was reduced linearly once daylight levels exceeded 300 lux, in 
accordance with IES guidelines [35]. Simulations were conducted for multiple time steps across representative days in summer and 
equinox seasons, capturing hourly variations in solar position and illuminance distribution. 

4.4. Energy Simulation and Thermal Exchange Modeling 

Thermal performance was modeled using EnergyPlus via the Honeybee interface. The model included convective heat transfer 
between interior air and light shelf/glazing components, as well as shortwave radiative gains from direct and reflected solar radiation 
(Table 2). Construction materials were selected based on ASHRAE 90.1 (2019) and IECC (2021) standards [36,37], with detailed 
thermal properties shown in Table 3. 

 

Table 1. Specifications of the sample space under study. 
Parameter Range of Changes (m) 
Space Dimensions 8.50×3.90 
Space Height 3.10 
Ceiling Shape Rectangular 
Skylight South-facing (single-side) 

 

Table 2. Thermal and optical properties of materials for light shelf design. 
Thermal Properties for Energy Value 
Thickness (m) 0.02 
Thermal Conductivity (W/m-K) 0.06 
Density (kg/m³) 368 
Specific Heat (J/kg-K) 590 
Surface Roughness Relatively Smooth 
Thermal and Optical Transmittance Coefficients 0.9 

 

Table 3. Thermal properties of building materials for exterior and interior walls, ceiling, and floor. 
Type Total Thickness (m) Thermal Resistance (m²-K/W) Thermal Transmittance Coefficient (W/m²-K) 
Exterior Wall 0.25 2.01 0.5 
Interior Wall 0.14 0.73 1.36 
Ceiling 0.2 5.8 0.2 
Floor in Contact with Soil 0.2 2.65 0.37 

 

 
Figure 4. Detailed dimensions of the sample office room used for simulation, showing width, depth, height, and window placement. 
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The south-facing double-glazed window had a fixed dimension of 1.5 × 3 m and was located 1 m above the finished floor (Figure 
5). 

4.5. Parametric Variables and Performance Indicators 

Five geometric variables of the light shelf were selected for parametric study: internal and external depth, height, and internal 
and external angles (Table 4). 

The ranges and step sizes were defined based on literature and local design constraints. Two primary performance indicators 
were selected as objective functions: EUI in kWh/m²/year and sUDI, defined as the percentage of area receiving 400–2000 lux during 
working hours [38]. 

4.6. Multi-Objective Optimization Using NSGA-II 

Multi-objective optimization was conducted using the NSGA-II algorithm implemented via the Wallacei plugin in Grasshopper 
[39]. A total of 2,400 design scenarios were evaluated. Output metrics (EUI and sUDI) were normalized between 0 and 1 prior to 
optimization to ensure balanced convergence. The Pareto front was analyzed for spread (Δ) and convergence metrics, and trade-offs 
between daylight and energy performance were examined based on the distribution of non-dominated solutions [40,41]. 

4.7. Structured Decision-Making 

To remove subjectivity in selecting the final optimal configuration, the TOPSIS method was applied. Equal weights were assigned 
to both objective functions. This ensured that the selected design offered the best compromise between energy efficiency and visual 
comfort. 

To isolate the contribution of the light shelf system to energy reduction, all other variables, including window size and orientation, 
wall and glazing material properties, and occupancy schedules, were kept constant throughout the simulations. Only the geometric 
and angular properties of the light shelf were varied across scenarios. This approach allowed for a controlled assessment of the 
system’s effect on cooling energy demand and daylight distribution. 

While a full sensitivity analysis was beyond the scope of this study, a comparative analysis between the baseline (no light shelf) 
and optimized configurations showed that over 70% of the observed cooling energy savings were attributable to the light shelf 
geometry adjustments alone, based on EUI comparison metrics [42]. Future work will incorporate a broader parametric study 
including envelope and material variations. 

5. Results 

Daylight Optimization: In the daylight simulation, the sUDI index was used. According to Section 13 of the National Building 
Regulations, the desirable range for this index was determined to be between 400 and 2000 lux. In the optimization phase, only the 
models that provided both adequate daylight and minimized energy consumption were selected. The specifications of the simulation 
sensors are provided in Table 5. 

 
Figure 5. Window dimensions and configuration in the studied office space. 

Table 4. Specifications of the light shelf under study. 
Parameter Range of Changes Step Change Unit 
Internal Depth 0.1 to 1.5 0.1 

meter External Depth 0.2 to 1.5 0.1 
Height 0.05 to 0.8 0.05 
Internal Angle -30 to 30 1 

degree 
External Angle -30 to 30 1 
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Energy Consumption: Energy simulations were conducted using the Ideal Air system in Honeybee for heating and cooling, with 
a comfort range of 20–28 °C and operational schedules based on ASHRAE 90.1 standards for office buildings. All physical and 
schedule parameters were kept constant to ensure valid scenario comparisons and eliminate confounding variables. 

Optimization with Wallacei: Light shelf optimization was performed using the Wallacei plugin over 80 generations and 
approximately 2400 scenarios, requiring around 120 hours of computation. The results confirmed the effectiveness of the 
optimization process. Since Wallacei minimizes objectives, daylighting values were input with a -1 exponent to effectively achieve 
maximization. Thus, lower output values indicate higher daylight performance. 

The first analysis employed the standard deviation formula, as visualized in Figure 6. 
Consumption Intensity:  

 
• σ = Standard deviation 
• xi = Each value in the dataset 
• μ = Mean of the dataset 
• n = Number of values in the dataset 
The provided chart shows the distribution of average energy consumption values across different generations. In this chart, the 

standard deviation coefficient of each generation is represented by curves that indicate the mean responses of that generation. The 
color spectrum ranging from red to blue represents the earlier to final generations, respectively. The proximity of the ending lines 
of these curves indicates the convergence of results and reaching an optimal area. As observed, the energy consumption values 
gradually stabilize within a numerical range close to 130 kWh per square meter, indicating the stability of the optimization process. 

The chart in Figure 7 displays the standard deviation of the sUDI index over various generations. The reduction in the width of 
the curve and its convergence to a value of about 50% in the final generations indicate the stability and successful optimization 
trend in the simulation. 

 
Table 5. Daylight and glare analysis grid specifications. 

Parameter Value  
Grid Height 80 cm 

 

Grid Dimensions 50 cm 

 

 
Figure 6. Standard deviation of annual energy consumption (EUI) across different light shelf design scenarios, indicating variability in energy 

performance. 
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The trendline diagrams of the standard deviation for the two objectives are shown in Figures 8 and 9. These diagrams illustrate 
the trend of changes from the first to the last generation. The purpose of these diagrams is to highlight the convergence or divergence 
of the generations relative to previous ones. If the trendline slope is negative, optimization is progressing. If the trendline is flat, it 
means the responses have not yet been optimized. A positive slope indicates divergence and lack of optimization. 

 

 
Figure 7. Standard deviation of sUDI under various light shelf configurations, reflecting consistency in daylight distribution . 

 

 
 Figure 8. Trend line illustrating the relationship between design iterations and the standard deviation of energy consumption, showing convergence 

behavior. 

 
Figure 9. Trend line of design iterations versus standard deviation of sUDI, demonstrating stabilization of daylight performance across optimization 

runs. 



A. Keshtkar-Ghalati Journal of Green Energy Research and Innovation 
 

              

22  
 

The fitness diagrams, broken down by objectives, are shown in Figures 10 and 11 for energy consumption intensity and sUDI. 
The purpose of these diagrams is to visualize the movement and performance of optimization solutions in each generation and 
population. In each generation, 30 simulations are performed, and the chart displays these 30 cases from left to right. The blue color 
represents the early generations, while the red color indicates the later generations. 

The important point in the fitness graph of sUDI is that the values have been reversed during the optimization process and were 
restored to their original values when plotting the graph. The red color represents the initial generations, while the blue color 
indicates the final generations. The graphs show that the responses of each generation have moved toward optimization, and the 
overall trend is favorable. 

The fitness value trend line graph is similar to the standard deviation trend line graph, with the difference that in this graph, the 
Y-axis represents the average values of the data for each generation. The left side of the graph corresponds to the initial generations, 
and the right side represents the final generations. These graphs (Figures 12 and 13) indicate that the responses have gradually 
moved toward the optimal solution. A comparison of the two indices shows that the performance of the sUDI intensity index is better 
than that of the energy consumption intensity index. 

 

 
Figure 10. Fitness value plot for EUI over the course of optimization generations, highlighting improvements in energy performance. 

 
Figure 11. Fitness value plot for sUDI across optimization generations, indicating enhanced daylight performance. 

Individual

Minimise Energy Use Intensity (EUI)

Last Gen

First Gen

Individual

Maximise Spatial Useful Daylight illuminae (sUDI)

Last Gen

First Gen
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Figure 12. Trend line of fitness values for EUI, showing evolutionary optimization towards lower energy use. 

 
Figure 13. Trend line of fitness values for sUDI, capturing iterative enhancements in daylight availability throughout the optimization process. 

                                                           
Figure 14. Trend line of optimized solutions specifically for sUDI, emphasizing the convergence towards higher DA. 

 

In the two charts above, it can be observed that after generation 10, energy consumption is optimized and continues toward the 
most optimal solution. For daylight intensity, the optimal option is found around generation 30, after which it consistently follows 
the best solution. In these charts, the slope of the trend line indicates the optimization of responses. 

In Figure 14, the Pareto front is illustrated. In this chart, if the horizontal axis represents one objective and the vertical axis 
represents another, the intersection point, or the origin (0,0), indicates the optimal or closest-to-optimal solution. As seen, a large 
number of solutions are concentrated near this area and tend toward the origin, confirming the correctness and effectiveness of the 
optimization process. 
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In Figure 15, the line chart illustrates the trend of optimization solutions. This chart is based on the minimum and maximum 
responses from each simulation. The best response predicted for sUDI is 53.57, while the best energy consumption intensity is 130.99 
kWh/m². Additionally, the furthest responses from the research objectives are 23.21 for daylight performance and 140.21 kWh/m² 
for energy consumption. 

In addition to the aforementioned chart, all simulation options can be compiled in a constrained Excel file and uploaded to the 
Design Explorer website to generate graphical outputs. Figure 16 presents the generated line chart. This chart displays all recorded 
data, including the research objectives and variables. As shown, the blue lines represent acceptable target values, indicating that 
sUDI is in a maximized state and EUI is minimized. Through this chart, the optimal option can also be identified; however, in this 
study, the optimal solution has been determined based on the software's built-in algorithms. 

6. Discussion 

At the end of the simulation process, seven optimized models were selected. The Wallacei plugin uses several methods to identify 
optimal solutions, including line charts, clustering, machine learning, and the Pareto front. In this study, the goal was to extract at 
least one optimal solution from each method. As shown in Table 6, all methods, except for two, successfully identified a final and 
optimal model, indicating the effectiveness of the optimization process (Table 6). 

The numerical data stored during optimization and the research objectives for the optimized models are provided in Figure 17. 
Although some inputs are similar, the objectives and other data exhibit slight differences. These differences are negligible due to the 
systematic nature of the simulation and the uniqueness of the data in natural systems. 

Final Optimization Model Simulations: The final optimized models, with their physical characteristics listed in Table 7, have 
shown similar physical proportions and numerical outputs. One of the most frequent models was selected as the final model, and 
after re-simulation, the results related to daylight are presented in Table 7. 

 

 
Figure 15. Line chart depicting overall optimization solution trends for both energy and daylight objectives, illustrating trade-offs and synergy. 

 
Figure 16. Comparative line chart of optimization solution trends, consolidating performance metrics to identify the Pareto front. 

Table 6. Physical specifications of the optimized light shelf. 
Model Number External Angle (°) Internal Angle (°) Placement Position (cm) External Depth (cm) Internal Depth (cm) 
01 30 -5 15 80 130 
02 30 -5 15 80 130 
03 30 -2 15 80 130 
04 30 -5 15 80 130 
05 30 -5 15 80 150 
06 30 -5 15 60 130 
07 30 -5 15 80 130 
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The DA index simulation indicates that nearly 2/3 of the room receives appropriate daylight (400 lux) for more than 50% of the 
occupancy time. The front sections of the room (between 70 to 90 percent of the occupancy time) receive sufficient daylight, and in 
the back sections, where daylight is inadequate, artificial lighting can be used. The distribution of light in the deeper sections of the 
room indicates appropriate performance of the light shelf system. 

The cDA index, similar to DA, shows a range of red to yellow, indicating that adequate light is provided in more than 2/3 of the 
room space. 

For the UDI index, three ranges are considered: the range below 400 lux, which indicates insufficient light, is shown in red and 
orange in the back of the room, indicating inadequate daylight. The range between 400 and 2000 lux shows sufficient light in the 
sections near the window. For the range above 2000 lux, glare is assessed. Sections receiving light higher than 2000 lux are 
significantly reduced, with only the space near the window receiving slightly over 2000 lux. 

The glare index simulation and the blue sensor color show that glare is absent in most of the room, and only a small portion of 
sensors near the window experiences slight glare. 

 

 
Figure 17. Numerical outputs of each index for the optimized models. 
Table 7. Visual outputs of the research indices for the optimal model. 

Index UDI (Low 400 Lux) cDA DA 
Visual Output    

Index Glare Autonomy UDI (Up 2000) UDI (400-2000 Lux) 
Visual Output 

  
 

 

0%

20%

40%

60%

80%

100%

DA cDA SDA UDI UDI low UDI high Cooling Heating Lighting sUDI EUI

1 2 3 4 5 6 7
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In Figure 18, the energy balance chart is examined. The results indicate a reduction in lighting load and the demand for artificial 
lighting, as artificial lighting in this study is dependent on daylight availability. During periods when sufficient daylight is present, 
artificial lighting is not activated. The placement of sensors in accordance with daylight standards contributes to lowering energy 
consumption in buildings. 

The validity of this research was ensured through both content and construct validity approaches. Content validity was addressed 
by employing validated models, professional simulations using reliable software, and trustworthy optimization methods [43]. 
Construct validity was ensured by closely aligning the research objectives with simulation tools, specifically the Wallacei plugin, and 
by consistently comparing results with established standards in sustainable design and energy optimization [44]. Continuous 
evaluation was performed against international standards such as ASHRAE 90.1 and the Iranian National Building Regulations, 
enhancing the scientific accuracy and reliability of the models and indices used [45]. 

Reliability, referring to the repeatability and trustworthiness of results, was guaranteed by using standardized simulation 
procedures and fixed parameters throughout the process [46]. Additionally, simulations were conducted under varying conditions, 
different times of day, seasons, and climate scenarios, to comprehensively assess and optimize daylight performance and energy 
consumption. All data were systematically recorded, and statistical methods were applied to ensure the precision and dependability 
of the findings [47]. 

Previous studies have extensively examined energy optimization and daylight utilization in office buildings, especially in hot and 
dry climates. These studies investigated the role of daylight factor (DF) and window design in energy efficiency. However, this study 
advances the field by focusing on light shelves as reflected light systems, demonstrating their superior effectiveness in enhancing 
daylight availability and reducing energy consumption, particularly in hot-dry climates [48,49]. 

Earlier works investigated energy savings with daylighting systems in temperate climates, whereas this research highlights a 
higher potential for energy reduction in hot, arid climates like Isfahan, where light shelves facilitate deeper daylight penetration in 
office spaces. These findings are consistent with previous reports showing that light shelves improve energy performance more 
effectively in warmer regions [50,51]. 

Daylighting performance assessments through energy simulations have shown that integrating daylighting controls yields 
substantial reductions in energy consumption [52]. This study extends those findings by combining daylighting with energy-efficient 
design features such as light shelves. Other studies have also underscored the role of shading systems in minimizing energy usage, 
which aligns with our results demonstrating that daylighting and shading systems together enhance energy efficiency [53]. 

The efficacy of daylighting systems in improving building performance, particularly in office environments, has been documented 
in several studies [54,55]. Our findings similarly indicate significant improvements in interior lighting and reduced reliance on 
artificial lighting during daylight hours, consistent with earlier work [56]. 

Regarding simulation reliability, previous research emphasizes the necessity of validated simulation methods for accurate and 
reproducible results [46,47]. This research employed widely accepted tools such as EnergyPlus and Daysim for daylight and energy 
modeling. Other works have further highlighted the importance of simulation models in optimizing lighting and energy performance, 
which is congruent with the approach adopted here [57]. 

Recent investigations have explored the use of dynamic daylighting control systems to further optimize energy savings [58]. 
Similar studies have demonstrated the effectiveness of combining passive daylighting strategies with active energy-saving systems 
in office buildings, supporting our findings on energy optimization [59]. 

Studies have confirmed that light shelves are particularly effective in reducing cooling loads and improving indoor thermal 
comfort [60,61]. This is especially important in hot climates, where controlling solar heat gain while maximizing daylight poses a 
critical challenge. Some research has noted that excessive solar gain can be detrimental in certain climates [62], but our study 
illustrates that optimized light shelves can mitigate such risks by redirecting daylight deeper into interiors. 

Furthermore, integrated daylighting systems have been shown to enhance indoor environmental quality in office spaces, aligning 
with the current research outcomes [63,64]. Other studies have also reported that energy-efficient lighting systems improve occupant 
comfort and reduce energy costs in office buildings. 

 

 
Figure 18. Thermal balance analysis of the optimal model configuration, presenting annual heating and cooling loads resulting from the selected light 

shelf design. 
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Finally, it has been stressed that combining energy-efficient design strategies with daylighting is essential to achieving sustainable 
architectural performance, reinforcing the approach taken in this study [65]. In summary, the present study’s results align with and 
extend existing research by confirming the effectiveness of light shelves in enhancing daylight penetration, reducing energy 
consumption, and optimizing building energy performance in hot and dry office environments like Isfahan. 

While the simulation results demonstrate promising energy and daylighting benefits from optimized light shelf configurations, 
several practical limitations must be acknowledged for real-world implementation. 

First, fabrication complexity increases with multi-angle or movable light shelf designs. Custom components, such as adjustable 
brackets or reflective coatings, may increase construction costs and require skilled labor. Second, maintenance accessibility must be 
considered, especially in higher floors where regular cleaning of the reflective surfaces may be difficult. Accumulated dust or dirt 
can significantly reduce reflectivity and thus system performance. 

Additionally, the visual impact on the building façade is non-negligible. Extended or angled shelves may alter the architectural 
aesthetics or interfere with urban design guidelines. To address this, integrative design with the façade architecture is necessary to 
ensure coherence between form and function. 

These limitations suggest that early coordination between architects, engineers, and facility managers is essential during design 
development. Future research should include prototyping and post-occupancy evaluations to validate performance under actual use 
conditions. A limitation of this study is the seasonal scope of the simulations, which focused exclusively on summer performance. 
While this approach highlights the potential cooling energy savings enabled by optimized light shelf designs, it does not account for 
possible adverse effects during winter. Specifically, light shelves, particularly fixed or deep configurations, may obstruct desirable 
solar heat gains in colder months, potentially increasing heating demand. Although this risk was not evaluated in the current 
simulations, it is a valid consideration in cold or mixed climates. Future studies should expand the simulation scope to include winter 
and transitional seasons to fully assess the year-round performance of light shelf systems and optimize their design accordingly. 

7. Conclusion 

This study investigated the optimized design of light shelf systems to enhance daylight performance and reduce energy 
consumption in an office building located in Isfahan’s hot-arid climate. Through a combination of parametric modeling, daylight and 
energy simulations, and multi-objective optimization, the research identified an optimal configuration consisting of an 85 cm shelf 
depth, a 28° tilt angle, and a reflectance of 0.9. 

The optimized system reduced annual EUI by approximately 5.8%, improved sUDI by over 53%, and lowered daylight glare 
probability by nearly 70% during peak hours compared to the baseline model. These outcomes demonstrate the effectiveness of 
tailored daylighting strategies in improving both visual comfort and energy efficiency in office environments, particularly in regions 
characterized by intense solar radiation. 

The findings underscore the importance of integrating climate-responsive design elements and simulation-based optimization in 
architectural practice to achieve sustainable and user-centered building performance. 

Furthermore, the achieved DA ensured that nearly two-thirds of the occupied space consistently received adequate natural light 
throughout working hours, supporting occupant comfort and reducing reliance on artificial lighting. Future research could 
investigate adaptive or dynamic light shelf systems that respond to seasonal and hourly solar variations to further optimize 
performance. 

 
References 
[1] M. Haghani, B. Mohammadkari, and R. Fayaz, "The Evaluation of a New Daylighting System's Energy Performance: Reversible Daylighting System (RDS)," ASHRAE/IBPSA-

USA Building Simulation Conference, 2022. 
[2] M. Brzezicki, "Daylight Comfort Performance of a Vertical Fin Shading System: Annual Simulation and Experimental Testing of a Prototype," Buildings, vol. 14, no. 3, 571, 

2024. 
[3] N. G. Vasquez, R. F. Rupp, R. K. Andersen, and J. Toftum, "Occupants’ Responses to Window Views, Daylighting and Lighting in Buildings: A Critical Review," Building 

and Environment, vol. 219, 109172, 2022. 
[4] S. S. Golzan, M. Pouyanmehr, and H. Sadeghi Naeini, "Recommended Angle of a Modular Dynamic Façade in Hot-Arid Climate: Daylighting and Energy Simulation," 

Smart and Sustainable Built Environment, vol. 12, no. 1, pp. 27–37, 2021. 
[5] A. Cannavale, U. Ayr, F. Fiorito, and F. Martellotta, "Smart Electrochromic Windows to Enhance Building Energy Efficiency and Visual Comfort," Energies, vol. 13, no. 6, 

p. 1449, 2020. 
[6] H. Hu, H. Zhang, L. Wang, and Z. Ke, "Evaluation and Design of Parameterized Dynamic Daylighting for Large-Space Buildings," Sustainability, vol. 15, no. 14, 10773, 

2023. 
[7] A. M. Qahtan, A. A. S. Bahdad, N. Al-Tamimi, and S. F. Syed Fadzil, "Optimizing Daylighting in Lecture Halls Within Hot-Arid Climates Through Modification of Glazing 

Systems with Light-Shelves: A Parametric Design Approach," Indoor and Built Environment, vol. 33, no. 5, pp. 929–956, 2024. 
[8] E. Dolníková, "Daylight Measurement in Buildings," Digital Innovations in Architecture, Engineering and Construction, pp. 45–49, 2025. 
[9] M. K. Singh and J. Song, "Optimizing Window-to-Wall Ratio and Light Shelves for Energy Efficiency in Hot Climates: A Parametric Study," Solar Energy, vol. 251, pp. 1–

14, 2023. 
[10] X. Yin, M. W. Muhieldeen, R. Razman, and J. Yong Chung Ee, "Multi-Objective Optimization of Window Configuration and Furniture Arrangement for the Natural 

Ventilation of Office Buildings Using Taguchi-Based Grey Relational Analysis," Energy and Buildings, vol. 296, 113385, 2023. 
[11] G. S. Odiyur Vathanam, et al., "A Review on Effective Use of Daylight Harvesting Using Intelligent Lighting Control Systems for Sustainable Office Buildings in India," 

Sustainability, vol. 13, no. 9, p. 4973, 2021. 
[12] M. Grzegorzewska-Gryglewicz and A. Kaczmarek, "Office Spaces in a Cool Temperate Climate: Impact of Architectural Solutions on Daylight Quality in Interiors, in the 

Context of User Well-Being and Circadian Rhythm," Sustainability, vol. 17, no. 24, p. 11062, 2025. 
[13] R. M. Reffat, and R. M. Ahmad, "Determination of Optimal Energy-Efficient Integrated Daylighting Systems into Building Windows," Solar Energy, vol. 209, pp. 258–277, 

2020. 
[14] M. Rolloos, "HVAC Systems and Indoor Air Quality," Indoor Environment, vol. 2, no. 4, pp. 204–212, 1993. 
[15] L. Wong, "A review of daylighting design and implementation in buildings," Renewable and Sustainable Energy Reviews, vol. 74, pp. 959–968, 2017. 

https://doi.org/10.26868/25746308.2022.simbuild2022_c020
https://doi.org/10.26868/25746308.2022.simbuild2022_c020
https://doi.org/10.26868/25746308.2022.simbuild2022_c020
https://doi.org/10.3390/buildings14030571
https://doi.org/10.3390/buildings14030571
https://doi.org/10.1016/j.buildenv.2022.109172
https://doi.org/10.1016/j.buildenv.2022.109172
https://doi.org/10.1108/sasbe-04-2021-0075
https://doi.org/10.1108/sasbe-04-2021-0075
https://books.google.com/books?hl=en&lr=&id=N2zQCgAAQBAJ&oi=fnd&pg=PP1&dq=%E2%80%8E%5B61%5D%E2%80%8E%09Bryman+A.+Social+Research+Methods.+Oxford+University+Press%3B+2016.&ots=dqQwGYN6vc&sig=TkKyCSHEnQvzAO7sZHePouNN9ys
https://books.google.com/books?hl=en&lr=&id=N2zQCgAAQBAJ&oi=fnd&pg=PP1&dq=%E2%80%8E%5B61%5D%E2%80%8E%09Bryman+A.+Social+Research+Methods.+Oxford+University+Press%3B+2016.&ots=dqQwGYN6vc&sig=TkKyCSHEnQvzAO7sZHePouNN9ys
https://doi.org/10.3390/su151410773
https://doi.org/10.3390/su151410773
https://doi.org/10.1177/1420326x241226651
https://doi.org/10.1177/1420326x241226651
https://doi.org/10.1007/978-3-031-78330-2_3
https://doi.org/10.1016/j.solener.2022.12.045
https://doi.org/10.1016/j.solener.2022.12.045
https://doi.org/10.1016/j.enbuild.2023.113385
https://doi.org/10.1016/j.enbuild.2023.113385
https://doi.org/10.3390/su13094973?spm=a2ty_o01.29997173.0.0.445b55fbEzwtzJ
https://doi.org/10.3390/su13094973?spm=a2ty_o01.29997173.0.0.445b55fbEzwtzJ
https://doi.org/10.3390/su172411062?spm=a2ty_o01.29997173.0.0.445b55fbEzwtzJ
https://doi.org/10.3390/su172411062?spm=a2ty_o01.29997173.0.0.445b55fbEzwtzJ
https://doi.org/10.1016/j.solener.2020.08.086
https://doi.org/10.1016/j.solener.2020.08.086
https://doi.org/10.1177/1420326x9300200403
https://doi.org/10.1016/j.rser.2017.03.061


A. Keshtkar-Ghalati Journal of Green Energy Research and Innovation 
 

              

28  
 

[16] H. Lee, S. Baek, and H. Lee, "A Study on the Application of Solar Modules to Light Shelves to Improve Generation and Daylighting Efficiency," Energy and Buildings, vol. 
261, 111976, 2022. 

[17] Z. Zolfaghari and J. Jones, "A Multi-Variable Building Energy Optimization: Assessing the Role of Energy Efficient Lighting Technology in Changing the Optimal Window-
to-Wall Ratio in an Office Building," International Journal of Sustainable Energy, vol. 41, no. 11, pp. 1819–1835, 2022. 

[18] E. Ouda, A. Ghunaim, and A. N. belkacem, "Multi-Objective Optimization of Residential Layout and Envelope Design for Daylight, Thermal Comfort, and Cooling Energy 
in Hot-Arid Climates," IEEE Access, vol. 14, pp. 104105–104121, 2026. 

[19] M. Suleimany, "Urban Climate Justice in Hot-Arid Regions: Vulnerability Assessment and Spatial Analysis of Socio-Economic and Housing Inequality in Isfahan, Iran," 
Urban Climate, vol. 51, 101612, 2023. 

[20] M. Ramezani, S. Taheri, M. S. Gorgabi, and A. nourbakhsh sadabad, "Energy and Daylighting Trade-Offs in Residential Window Design: Multi-Objective Optimization for 
Hot-Arid Regions," Scientific Reports, vol. 16, no. 1, 2025. 

[21] M. A. Fasi, and I. M. Budaiwi, "Energy Performance of Windows in Office Buildings Considering Daylight Integration and Visual Comfort in Hot Climates," Energy and 
Buildings, vol. 108, pp. 307–316, 2015. 

[22] S. N. Hosseini, and I. SheikhAnsari, "A Daylight Assessment on Visual and Nonvisual Effects of Light Shelves: A Human-Centered Simulation-Based Approach," Journal of 
Daylighting, vol. 9, no. 1, pp. 28–47, 2022. 

[23] S. Shahid, B. Chea, and M. Agelin-Chaab, "Development of a Hybrid Cooling Concept for Cylindrical Li-Ion Cells," Journal of Energy Storage, vol. 50, 104214, 2022. 
[24] J. Lee, M. Boubekri, and J. Park, "Daylight, Human Health, and Design for Sustainable Green Buildings: A Systematic Review," Journal of Green Building, vol. 17, no. 4, 

pp. 151–178, 2022. 
[25] Q. Peng, W. Liu, Y. Zhang, S. Zeng, and B. Graham, "Generation Planning for Power Companies with Hybrid Production Technologies Under Multiple Renewable Energy 

Policies," Renewable and Sustainable Energy Reviews, vol. 176, 113209, 2023. 
[26] K. Kim and K. Lee, "Indoor Light Environment Factors That Affect the Psychological Satisfaction of Occupants in Office Facilities," Buildings, vol. 14, no. 5, p. 1248, 2024. 
[27] J. Luo, C. Zhuang, J. Liu, and K. Lai, "A Comprehensive Assessment Approach to Quantify the Energy and Economic Performance of Small-Scale Solar Homestay Hotel 

Systems," Energy and Buildings, vol. 279, 112675, 2023. 
[28] M. Azarbayjani, High-Performance Double Skin Façade Buildings: Climatic-based Exploration, Routledge, 2022. 
[29] A. K. Ghalati, and F. M. Taromsari, "Integration of Photovoltaic Modules to Optimize Energy Usage in Residential Buildings," Asian Journal of Civil Engineering, vol. 24, 

no. 7, pp. 2179–2191, 2023. 
[30] K. Deb, A. Pratap, S. Agarwal, and T. Meyarivan, "A Fast and Elitist Multiobjective Genetic Algorithm: NSGA-II," IEEE Transactions on Evolutionary Computation, vol. 6, no. 

2, pp. 182–197, 2002. 
[31] J. Wienold, "Correspondence: Investigation of Evalglare Software, Daylight Glare Probability and High Dynamic Range Imaging for Daylight Glare Analysis," Lighting 

Research &amp; Technology, vol. 50, no. 2, pp. 329–330, 2018. 
[32] Kusuda T. Typical meteorological year (TMY) 
[33] M. I. Ayoosu, A. L. Utsaha, K. E. Gabriel, et al., "Daylighting Performance Assessment: A Review of Methodologies," Path of Science, vol. 11, no. 1, pp. 8001–8011, 2025. 
[34] K. Kertsmik, K. Kuusk, K. Lylykangas, and T. Kalamees, "Evaluation of Renovation Strategies: Cost-Optimal, CO₂e Optimal, or Total Energy Optimal?," Energy and Buildings, 

vol. 287, 112995, 2023. 
[35] B. H. Tekin and M. A. Aktog, "A Conceptual Framework for Biophilic Architectural Design in Cold Climates: A Meta-Synthesis Analysis," Buildings, vol. 15, no. 21, p. 3825, 

2025. 
[36] S. I. Edition, D. H. Erbe, M. D. Lane, et al., Energy Standard for Buildings Except Low-Rise Residential Buildings, ASHRAE, Atlanta, GA, USA, 2010. 
[37] J. Sonne and R. Vieira, "Comparison of the Residential Provisions of the 2023 Florida Building Code, Energy Conservation, with the 2024 IECC," Florida Solar Energy 

Center, 2025. 
[38] A. Nabil, and J. Mardaljevic, "Useful Daylight Illuminances: A Replacement for Daylight Factors," Energy and Buildings, vol. 38, no. 7, pp. 905–913, 2006. 
[39] M. Naderi, and M. Amiri, "Text Clustering with a Hybrid Multi-Objective Optimization Approach: The Multi-Objective Firefly Differential Jaya Algorithm," Swarm and 

Evolutionary Computation, vol. 93, 101847, 2025. 
[40] M. Ramezani, S. Taheri, M. S. Gorgabi, and A. nourbakhsh sadabad, "Energy and Daylighting Trade-Offs in Residential Window Design: Multi-Objective Optimization for 

Hot-Arid Regions," Scientific Reports, vol. 16, no. 1, 2025. 
[41] A. Mesloub, M. M. Alnaim, R. Hafnaoui, and A. Ghosh, "Hybrid Daylighting Strategies for Deep Classroom Space: Integrating Horizontal Light Shelves and Tubular 

Daylighting Devices in Hot Arid Climates," Energy and Buildings, vol. 357, 117167, 2026. 
[42] Y. Fang, S. Cho, Y. Wang, and L. He, "Sensitivity Analysis and Multi-Objective Optimization of Skylight Design in the Early Design Stage," Energies, vol. 17, no. 1, 219, 

2023. 
[43] C. Wu, H. Pan, Z. Luo, C. Liu, and H. Huang, "Multi-Objective Optimization of Residential Building Energy Consumption, Daylighting, and Thermal Comfort Based on 

BO-XGBoost-NSGA-II," Building and Environment, vol. 254, 111386, 2024. 
[44] Z. Tang, L. Zhang, et al., "Synergistic Optimization Framework for Office Building Energy Efficiency and Natural Daylighting Based on Multi-Objective Optimization 

Algorithms and Intelligent Decision Support," Journal of Building Engineering, vol. 111, 113517, 2025. 
[45] B. Gaber, C. Zhan, X. Han, M. Omar, and G. Li, "Enhancing Daylight and Energy Efficiency in Hot Climate Regions with a Perforated Shading System Using a Hybrid 

Approach Considering Different Case Studies," Buildings, vol. 15, no. 6, 988, 2025. 
[46] M. F. Anber, and O. Shawky, "Achieving Indoor Thermal Comfort Using AI-Controlled Shading in Hot Arid Climates in Office Buildings," International Design Journal, vol. 

14, no. 6, pp. 40–50, 2024. 
[47] H. Lee, S. Han, and J. Seo, "Light Shelf Development Using Folding Technology and Photovoltaic Modules to Increase Energy Efficiency in Building," Buildings, vol. 12, 

no. 1, 81, 2022. 
[48] K. Lakhdari, L. Sriti, and B. Painter, "Parametric Optimization of Daylight, Thermal and Energy Performance of Middle School Classrooms, Case of Hot and Dry Regions," 

Building and Environment, vol. 204, 108173, 2021. 
[49] H. H. Hosamo, M. S. Tingstveit, H. K. Nielsen, P. R. Svennevig, and K. Svidt, "Multiobjective Optimization of Building Energy Consumption and Thermal Comfort Based 

on Integrated BIM Framework with Machine Learning-NSGA II," Energy and Buildings, vol. 277, 112479, 2022. 
[50] S. Masoud, Z. Zamani, S. M. Hosseini, and S. Attia, "A Review of Factors Affecting the Lighting Performance of Light Shelves and Controlling Solar Heat Gain," Buildings, 

vol. 14, no. 6, 1832, 2024. 
[51] S. Han, M. Lee, and H. Lee, "Effectiveness of Internal Light Shelves to Improve Daylighting," Building Simulation, vol. 18, no. 4, pp. 747–763, 2025. 
[52] W. Wang, K. Xu, and C. Xiang, "Study on the Application of a Dynamic Photovoltaic Integrated Light Shelf for Office Buildings," Energy, vol. 314, 134205, 2025. 
[53] L. M. Ayompe, "Solar Thermal Systems," Energy Performance of Buildings, pp. 349–375, 2015. 
[54] A. Mesloub and A. Ghosh, "Daylighting Performance of Light Shelf Photovoltaics (LSPV) for Office Buildings in Hot Desert-Like Regions," Applied Sciences, vol. 10, no. 22, 

p. 7959, 2020 
[55] A. Saini, S. J. Watzman, and J. Bahk, "Cost-Performance Trade-Off in Thermoelectric Air Conditioning System with Graded and Constant Material Properties," Energy and 

Buildings, vol. 240, 110931, 2021. 
[56] A. ElSherbini, and G. Maheshwari, "Impact of Shading Air-Cooled Condensers on the Efficiency of Air-Conditioning Systems," Energy and Buildings, vol. 42, no. 10, pp. 

1948–1951, 2010. 
[57] R. M. Ahmad and R. M. Reffat, "A Comparative Study of Various Daylighting Systems in Office Buildings for Improving Energy Efficiency in Egypt," Journal of Building 

Engineering, vol. 18, pp. 360–376, 2018. 
[58] F. Alqurashi, R. Nciri, and F. Nasri, "Hybrid Solar Tube System for Integrated Daylighting and Passive Ventilation: Design and Performance Assessment for Energy-Efficient 

Buildings," Buildings, vol. 16, no. 11, 2207, 2026. 
[59] C. Kim, and K. Kim, "Development of Sky Luminance and Daylight Illuminance Prediction Methods for Lighting Energy Saving in Office Buildings," Energies, vol. 12, no. 

4, 592, 2019. 
[60] B. Nie, A. Palacios, et al., "Corrigendum to “Review on Phase Change Materials for Cold Thermal Energy Storage Applications,” Renewable and Sustainable Energy Reviews, 

vol. 139, 110642, 2021. 

https://doi.org/10.1016/j.enbuild.2022.111976
https://doi.org/10.1016/j.enbuild.2022.111976
https://doi.org/10.1080/14786451.2022.2118276
https://doi.org/10.1080/14786451.2022.2118276
https://doi.org/10.1109/access.2026.3707681
https://doi.org/10.1109/access.2026.3707681
https://doi.org/10.1016/j.uclim.2023.101612
https://doi.org/10.1016/j.uclim.2023.101612
https://doi.org/10.1038/s41598-025-33473-x
https://doi.org/10.1038/s41598-025-33473-x
https://doi.org/10.1016/j.enbuild.2015.09.024
https://doi.org/10.1016/j.enbuild.2015.09.024
https://doi.org/10.15627/jd.2022.3
https://doi.org/10.15627/jd.2022.3
https://doi.org/10.1016/j.est.2022.104214
https://doi.org/10.3992/jgb.17.4.151?spm=a2ty_o01.29997173.0.0.445b55fbEzwtzJ&file=jgb.17.4.151
https://doi.org/10.3992/jgb.17.4.151?spm=a2ty_o01.29997173.0.0.445b55fbEzwtzJ&file=jgb.17.4.151
https://doi.org/10.1016/j.rser.2023.113209
https://doi.org/10.1016/j.rser.2023.113209
https://doi.org/10.3390/buildings14051248
https://doi.org/10.1016/j.enbuild.2022.112675
https://doi.org/10.1016/j.enbuild.2022.112675
https://www.routledge.com/High-Performance-Double-Skin-Facade-Buildings/Azarbayjani/p/book/9781032165431?spm=a2ty_o01.29997173.0.0.445b55fbEzwtzJ
https://doi.org/10.1007/s42107-023-00634-0
https://doi.org/10.1007/s42107-023-00634-0
https://doi.org/10.1109/4235.996017
https://doi.org/10.1109/4235.996017
https://doi.org/10.1177/1477153518758612
https://doi.org/10.1177/1477153518758612
https://books.google.com/books?hl=en&lr=&id=N2zQCgAAQBAJ&oi=fnd&pg=PP1&dq=%E2%80%8E%5B61%5D%E2%80%8E%09Bryman+A.+Social+Research+Methods.+Oxford+University+Press%3B+2016.&ots=dqQwGYN6vc&sig=TkKyCSHEnQvzAO7sZHePouNN9ys
http://dx.doi.org/10.22178/pos.113-16
https://doi.org/10.1016/j.enbuild.2023.112995
https://doi.org/10.1016/j.enbuild.2023.112995
https://doi.org/10.3390/buildings15213825
https://doi.org/10.3390/buildings15213825
https://doi.org/10.3390/buildings15213825
https://lorisweb.com/OSU/DIS07/ASHRAE_Standards/class%2090.1.pdf
https://publications.energyresearch.ucf.edu/wp-content/uploads/2025/02/FSEC-CR-2128-25.pdf
https://publications.energyresearch.ucf.edu/wp-content/uploads/2025/02/FSEC-CR-2128-25.pdf
https://doi.org/10.1016/j.enbuild.2006.03.013
https://doi.org/10.1016/j.swevo.2025.101847
https://doi.org/10.1016/j.swevo.2025.101847
https://doi.org/10.1038/s41598-025-33473-x
https://doi.org/10.1038/s41598-025-33473-x
https://doi.org/10.1016/j.enbuild.2026.117167
https://doi.org/10.1016/j.enbuild.2026.117167
https://doi.org/10.3390/en17010219
https://doi.org/10.3390/en17010219
https://doi.org/10.1016/j.buildenv.2024.111386
https://doi.org/10.1016/j.buildenv.2024.111386
https://doi.org/10.1016/j.jobe.2025.113517
https://doi.org/10.1016/j.jobe.2025.113517
https://doi.org/10.3390/buildings15060988
https://doi.org/10.3390/buildings15060988
https://doi.org/10.21608/idj.2024.305830.1172
https://doi.org/10.21608/idj.2024.305830.1172
https://doi.org/10.3390/buildings12010081
https://doi.org/10.3390/buildings12010081
https://doi.org/10.1016/j.buildenv.2021.108173
https://doi.org/10.1016/j.buildenv.2021.108173
https://doi.org/10.1016/j.enbuild.2022.112479
https://doi.org/10.1016/j.enbuild.2022.112479
https://doi.org/10.3390/buildings14061832
https://doi.org/10.3390/buildings14061832
https://doi.org/10.1007/s12273-025-1241-y
https://doi.org/10.1016/j.energy.2024.134205
https://doi.org/10.1007/978-3-319-20831-2_17
https://doi.org/10.3390/app10227959
https://doi.org/10.3390/app10227959
https://doi.org/10.1016/j.enbuild.2021.110931
https://doi.org/10.1016/j.enbuild.2021.110931
https://doi.org/10.1016/j.enbuild.2010.05.031
https://doi.org/10.1016/j.enbuild.2010.05.031
https://doi.org/10.1016/j.jobe.2018.04.002
https://doi.org/10.1016/j.jobe.2018.04.002
https://doi.org/10.3390/buildings16112207
https://doi.org/10.3390/buildings16112207
https://doi.org/10.3390/en12040592
https://doi.org/10.3390/en12040592
https://doi.org/10.1016/j.rser.2020.110642
https://doi.org/10.1016/j.rser.2020.110642


A. Keshtkar-Ghalati Journal of Green Energy Research and Innovation 
 

              

29  
 

[61] Bryman A. Social Research Methods. Oxford University Press; 2016. 
[62] P. Hernandez, and P. Kenny, "From Net Energy to Zero Energy Buildings: Defining Life Cycle Zero Energy Buildings (LC-ZEB)," Energy and Buildings, vol. 42, no. 6, pp. 

815–821, 2010. 
[63] H. Li, W. Kong, and S. Zhang, "Deeply Scale Aggregation Network for Object Counting," Knowledge-Based Systems, vol. 210, 106485, 2020. 
[64] K. Duus, and G. Schmitz, "Experimental Investigation of Sustainable and Energy Efficient Management of a Geothermal Field as a Heat Source and Heat Sink for a Large 

Office Building," Energy and Buildings, vol. 235, 110726, 2021. 
[65] T. Chang, and Y. Chuang, "Cultural Sustainability: Teaching and Design Strategies for Incorporating Service Design in Religious Heritage Branding," Sustainability, vol. 

13, no. 6, 3256, 2021. 
 

 

Declaration of competing interest 

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to 
influence the work reported in this paper. The ethical issues, including plagiarism, informed consent, misconduct, data fabrication 
and/or falsification, double publication and/or submission, redundancy, have been completely observed by the authors. 

Bibliography  

 

 
 

Dr. Ahmadreza Keshtkar Ghalati is an Assistant Professor of Architecture at the Faculty of Art and 
Architecture, Kharazmi University, Tehran, Iran. He holds a Ph.D. in Architecture (2014) and a Master’s degree 
in Architecture (2009) from Tarbiat Modares University, as well as a Bachelor's degree in Architecture from 
Shiraz University (2006). With over a decade of academic and professional experience, Dr. Keshtkar Ghalati has 
focused his research and teaching on sustainable architecture, daylighting systems, energy-efficient building 
design, environmental psychology, and green roof technologies. His scholarly work integrates climate-
responsive design with behavioral and environmental factors to enhance human well-being in built 
environments. From 2022 to 2024, he served as the Vice Dean for Education at the Faculty of Art and 
Architecture, contributing to academic policy-making and curriculum development. He has also worked as an 
architectural consultant and has been an active member of urban design and facade committees in Tehran 
Municipality (District 15). Dr. Keshtkar Ghalati is the author of several academic books, including 
Environmentally Responsive Housing for Pandemics and 100 Key Concepts in Environmental Psychology and 
Architecture, and has published widely in peer-reviewed journals such as Buildings, Renewable Energy Research 
and Applications, and Asian Journal of Civil Engineering. He also serves as a reviewer for several international 
journals. Passionate about bridging traditional Iranian architecture with contemporary environmental 
technologies, Dr. Keshtkar Ghalati continues to explore innovative design strategies that align aesthetic, 
ecological, and psychological dimensions of architecture. 
Email: a.keshtkar@khu.ac.ir 
ORCID: 0000-0001-6916-380X 
Contribution Statement: Conceptualization, Data curation, Formal analysis, Project administration, Resources, 
Supervision, Validation, Writing-review & editing. 

Katayoon Keyvanpanahi is a graduate of Architectural Energy Engineering from Rasam Institute of Higher 
Education in Karaj, Iran. Her academic interests focus on sustainable architecture, daylighting systems, and 
climate-responsive design strategies for hot and dry climates. She holds a Bachelor’s degree in Architecture from 
the Islamic Azad University, Buin Zahra Branch. Her Master’s thesis, supervised by Dr. Ahmadreza Keshtkar 
Ghalati, explored the optimization of natural daylight performance in office buildings using advanced light shelf 
systems. She has authored several scientific papers, including an ISI-indexed article on parametric modeling of 
horizontal light shelves, as well as multiple conference papers on daylighting and energy-efficient building 
envelopes. Professionally, she works at the Business Renovation Unit of District 4 Municipality of Karaj, where 
she is engaged in urban renewal initiatives and energy-related policy implementation. She is proficient in 
simulation tools such as Rhinoceros, Grasshopper, Honeybee, Radiance, and EnergyPlus. Her research and career 
goals are centered on the integration of environmental sustainability and urban design. 
Email: katthi.k1997@gmail.com 
ORCID: 0009-0006-3270-3968 
Contribution Statement: Conceptualization, Data curation, Investigation, Methodology, Writing-review & 
editing. 

https://books.google.com/books?hl=en&lr=&id=N2zQCgAAQBAJ&oi=fnd&pg=PP1&dq=%E2%80%8E%5B61%5D%E2%80%8E%09Bryman+A.+Social+Research+Methods.+Oxford+University+Press%3B+2016.&ots=dqQwGYN6vc&sig=TkKyCSHEnQvzAO7sZHePouNN9ys
https://doi.org/10.1016/j.enbuild.2009.12.001
https://doi.org/10.1016/j.enbuild.2009.12.001
https://doi.org/10.1016/j.knosys.2020.106485
https://doi.org/10.1016/j.enbuild.2021.110726
https://doi.org/10.1016/j.enbuild.2021.110726
https://doi.org/10.3390/su13063256
https://doi.org/10.3390/su13063256
https://books.google.com/books?hl=en&lr=&id=N2zQCgAAQBAJ&oi=fnd&pg=PP1&dq=%E2%80%8E%5B61%5D%E2%80%8E%09Bryman+A.+Social+Research+Methods.+Oxford+University+Press%3B+2016.&ots=dqQwGYN6vc&sig=TkKyCSHEnQvzAO7sZHePouNN9ys
https://books.google.com/books?hl=en&lr=&id=N2zQCgAAQBAJ&oi=fnd&pg=PP1&dq=%E2%80%8E%5B61%5D%E2%80%8E%09Bryman+A.+Social+Research+Methods.+Oxford+University+Press%3B+2016.&ots=dqQwGYN6vc&sig=TkKyCSHEnQvzAO7sZHePouNN9ys
mailto:a.keshtkar@khu.ac.ir
https://orcid.org/0000-0001-6916-380X
mailto:katthi.k1997@gmail.com
https://orcid.org/0009-0006-3270-3968

	1058_formatted
	1. Introduction
	2. Introduction of the Case Study
	3. Optimization Framework Using NSGA-II Algorithm
	3.1. Theoretical Foundations
	3.2. Implementation and Parameter Settings

	4. Materials and Methods
	4.1. Research Framework and Approach
	4.2. Geometric Model and Climatic Data
	4.3. Daylight Simulation Using Radiance
	4.4. Energy Simulation and Thermal Exchange Modeling
	4.5. Parametric Variables and Performance Indicators
	4.6. Multi-Objective Optimization Using NSGA-II
	4.7. Structured Decision-Making

	5. Results
	6. Discussion
	7. Conclusion
	References
	Declaration of competing interest
	Bibliography


