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A B S T R A C T  

 

Electrochromic Glazing (EC) has seen a significant surge in adoption today, primarily attributed 
to its pivotal role in enhancing visual comfort, mitigating excessive heat, regulating cooling and 
heating requirements, and curbing lighting consumption, especially within office buildings. 
Moreover, electrochromic glazing effectively contributes to glare control. This research aims to 
explore the impact of electrochromic glazing, as compared to conventional clear windows, on 
both the south and north facades, with the overarching goal of enhancing thermal and visual 
comfort within an office complex located in Mashhad. The research process unfolds in two key 
steps. Firstly, a comprehensive building simulation was conducted to assess daylight 
performance and gauge thermal and visual comfort using the GrassHopper plugin. Ubsequently, 
the Honeybee and Ladybug plugins were harnessed to evaluate the Discomfort Glare Probability 
(DGP) index and the Useful Daylight Illuminance (UDI) index. The findings of this study 
underscore the compelling advantages of electrochromic glazing over conventional clear 
windows as a prime choice to maintain balanced daylight levels throughout the day. In practice, 
using electrochromic glazing on both north and south facades of a building reduces the annual 
heating and cooling energy demand by 6.5 and 4.5%, respectively. Additionally, it has a 
significant impact on reducing intrusive light radiation and intolerable glare levels compared to 
reference transparent windows, with reductions of 40 and 34.52%, respectively. 

doi: 10.5829/ijee.2025.16.01.16 
 

NOMENCLATURE  

BAS Building Automation Systems UC Liquid Crystal 

CGI CIE Glare Index SP Suspended Particles 

DGI Daylight Glare Index UDI Useful Daylight Illuminance 

DGP Discomfort Glare Probability UGR Unified Glare Rating 

EC Electrochromic Glazing VCP Visual Comfort Probability 

EUI Energy Use Intensity WWR Window-to-Wall Ratio 

 
INTRODUCTION1 
 
In the present era, energy conservation stands as one of 

the most pressing challenges humanity faces. Access to 

energy resources has become a pivotal factor in achieving 

sustainable development worldwide (1). The surging 

demand for energy has spurred extensive research into 

passive design strategies. Sustainable design, when 
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implemented effectively, can result in an impressive 

reduction of energy consumption, ranging from 80 to 

90%, contingent upon the local climate conditions (2).  

Designing buildings that harness natural daylight 

presents architects with a multifaceted challenge. This 

involves intricately balancing factors such as the size and 

placement of daylight sources with the surface geometry. 

The goal is to create spaces that not only maximize the 
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use of natural daylight but also achieve a harmonious and 

evenly distributed illumination (3). 

Concurrently, the well-being of occupants within 

buildings has gained paramount importance, considering 

that the majority of individuals now spend a substantial 

80 to 90% of their time indoors (4, 5).  

A formidable challenge in building design lies in the 

harmonious balance between reducing energy 

consumption and enhancing thermal and visual comfort 

(6, 7). Striving for a satisfactory indoor environment is a 

key objective of passive building design, which has 

garnered substantial attention for its efficacy and proven 

impact on elevating building energy efficiency (8).  

Renewable sources of energy, such as natural light, 

are a crucial factor to reduce the artificial lighting needs 

in designing energy-efficient buildings (3). 

Design parameters encompassing building 

orientation, form, materials, and window design have 

always been subject to the influence of weather and solar 

conditions (9). However, by scrutinizing building 

envelope designs, which serve as the boundary between 

the interior and exterior, we can significantly reduce 

energy consumption while enhancing occupant comfort.  

Whilst reducing total energy consumption of 

buildings (electricity, gas and other fuels) is important in 

the context of climate change, better understanding of the 

key drivers of electricity use is crucial (10). 

Among these building elements, window design 

emerges as particularly crucial in bridging the gap 

between architecture and energy efficiency, directly 

impacting Energy Use Intensity (EUI) and resident 

comfort (11).  

As mentioned, the envelope of the building and 

openings can regulate the increase of solar heat and the 

transmittance of incoming light into the building. It is 

necessary to use the appropriate envelope in high-rise 

buildings as much as possible due to high energy 

consumption (12). 

While factors like Window-to-Wall Ratio (WWR) 

and Light shelves hold great significance in bolstering 

building energy efficiency and occupant visual comfort, 

the judicious selection of window glass can effectively 

mitigate excessive summer heat and glare (13, 14). 

Employing appropriate glazing can facilitate the blocking 

of undesirable solar radiation during summer while 

permitting it during winter, ultimately resulting in 

reduced energy consumption and heightened occupant 

comfort (15). 

In the contemporary context, the adoption of 

switchable electrochromic (EC) glazing has gained 

prominence, primarily owing to its pivotal role in 

managing visual comfort, mitigating excessive heat, and 

addressing the heating, cooling, and lighting needs of 

buildings, especially in office environments. 

Reconfigurable electrochromic glazing not only aids in 

energy conservation but also enhances the visual well-

being of occupants (16).  

The Electrochromic glazing (EC) system comprises 

multi-layer coatings on glass, inducing the migration of 

ions from the EC layer through low-voltage applications, 

thereby modulating its optical properties, resulting in a 

change in the glaze's color. This modulation is reversible, 

allowing dynamic control over solar heat and daylight 

penetration into the building (17). In essence, this system 

encompasses Liquid Crystal (LC), Suspended Particles 

(SP), and Electrochromic (EC) control systems, all of 

which can be adjusted as needed in response to input 

signals from Building Automation Systems (BAS), 

network sensors, or occupant feedback. This technology 

made its debut in the construction industry as early as 

2006 (18). 

Switchable Electrochromic Glazing (EC) allows 

visible light to penetrate the space while effectively 

shielding against excessive heat when required. EC 

glazing can significantly reduce heating and cooling 

loads, ensuring user comfort by mitigating glare. 

In a study conducted in Switzerland on EC smart 

windows, it was found that these windows reduce lighting 

energy consumption and cooling demand by about 11% 

(19). 

Based on the studies, the optimal performance of EC 

windows is largely dependent on the application and 

site’s location (20). 

A study by Lee et al. (21) modeling a full-scale test 

cell with EC glazing at a 40% window-to-wall ratio, 

demonstrated that EC glazing surpasses conventional 

windows in energy efficiency. The research reported a 

remarkable 91% reduction in lighting energy 

consumption, with annual energy savings and electricity 

peak demand decreasing by 48 and 35%, respectively (21, 

22).  

Ganji Kheybari et al. (22) also conducted simulations 

for small and medium-sized office. The results indicated 

a range of savings: 15 to 25% in lighting, 3% to 17% in 

cooling, and 7% to 15% in heating consumption (22). 

In a resident survey conducted in a building equipped 

with Switchable Electrochromic Glazing by Zinzi (23), it 

was observed that EC glazing provides a consistent level 

of daylight in rooms under conditions of no direct 

sunlight and moderate sky illuminance. Investigating the 

impact of EC glazing on visual comfort in 2007, Lee et 

al. (24) reported a 10% decrease in the annual average 

Daylight Glare Index (DGI) and energy consumption. 

In a study by Lawrence Berkeley National 

Laboratory, it was noted that ordinary windows led to 

glare discomfort for 95% of users, a problem largely 

alleviated by the use of electrochromic (EC) windows 

(25). 

While the literature review reveals numerous studies 

on the application of electrochromic glazing in buildings 

to enhance thermal and visual comfort, fewer have 

explored its impact on glare and related indicators. While 

the primary function of electrochromic glazing is to 

prevent dazzling glare (26). 
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To address this gap, the present research investigates 

the use of EC glazing versus standard clear windows on 

both the south and north facades, with the aim of 

improving  thermal and visual comfort conditions in an 

office building in Mashhad. This research unfolds in three 

phases, as illustrated in Figure 1. We hope that the 

findings of this study will prove valuable to architects and 

urban planners seeking to design more sustainable 

buildings. 

 

 
MATERIAL AND METHODS 
 
To assess the impact of electrochromic glazing on the 

energy consumption of the building, the Total Energy 

(TE) index has been employed. The TE index represents 

the total required energy in the building. In the present 

study, the modeling procedure takes into account the 

required energies for two rooms, encompassing electrical, 

heating, and cooling energies. 

𝑇𝐸 = 𝐸𝐸 + 𝐻𝐸 + 𝐶𝐸  [1] 

In which, the parameters of TE, EE, HE and CE are total, 

electrical, heating and cooling energies, respectively. 
While the advantages of daylight and visibility in 

promoting a healthy working environment are well-

established, it is imperative to ensure that these factors do 

not lead to visual discomfort and glare for users. Glare is 

characterized by a sudden and intrusive bright light within 

the visual field, resulting in disturbance and discomfort. 

The assessment of glare is a multifaceted task, with 

varying methodologies employed to quantify its 

discomfort-inducing potential. 

The evaluation of glare typically relies on five key 

indices, including the Visual Comfort Probability (VCP), 

the CIE Glare Index (CGI), the Discomfort Glare Index 

(DGI), the Unified Glare Rating (UGR), and the 

Discomfort Glare Probability (DGP). Among these  

 

 

 
Figure 1. Diagram of the research process 

indices, the DGP holds particular significance due to its 

robust correlation with users' subjective experiences of 

glare perception, setting it apart from existing glare 

evaluation metrics (27). 

The DGP index, developed by Wienold in 2006, 

represents the probability of user dissatisfaction with their 

visual environment. This measure was crafted based on 

subjective responses from 349 tests conducted in an office 

setting, encompassing three window sizes and three 

shading systems. Notably, the DGP has emerged as the 

preeminent luminance-based metric for assessing 

discomfort arising from daylight-induced glare (17, 28). 

Extensive research has substantiated the reliability of the 

DGP in predicting light exposure in typical workplace 

scenarios (22, 29, 30). As described in the general 

Equation 2. 

𝐷𝐺𝑃 = 5.87 ∙  10−5  ∙  𝐸𝑣 + 9.18 ∙  10−2  ∙

log  (1 + ∑
𝐿𝑠,𝑖

2  𝜔𝑠,𝑖

𝐸𝜈
1.87+𝑃𝑠,𝑖

2
𝑛
𝑖=1 ) + 0.16  

[2] 

In this formula, E represents the vertical Eye 

illuminance (lux), Ls: luminance of the source (cd/m²), 

ωs: Solid angle of source, and Ps: position index (31, 32). 

In Table 1, the four scales of feeling glare by index DGP 

are stated. 

In this research, for a more comprehensive analysis, 

we have expanded our evaluation beyond the Discomfort 

Glare Probability (DGP) index to include the assessment 

of the Useful Daylight Illuminance (UDI) index. The UDI 

is an annual metric that gauges the extent of adequate 

daylight coverage within a space during standard working 

hours (33). The recommended UDI range falls between 

100 lux and 2000 lux, signifying that areas with 

illuminance levels below 100 lux are considered very 

dim, whereas those exceeding 2000 lux are categorized as 

excessively bright (34–36). According to LEED v4 

certification, UDI300-3000lux must achieve 75% of the 

occupied floor area in new construction. 

Leveraging energy performance simulation in the 

design phase proves to be a potent strategy for enhancing 

both energy efficiency and resident comfort (37). 

Given the intricate designs of modern buildings and 

the advancements in building energy simulation software, 

their utilization has become widely accepted. In the 

aforementioned study, we employed Rhinoceros and 

Grasshopper 6 software, along with the Ladybug 0.0.69 

 

 
Table 1. Relationship between DGP and subjective glare rating 

(29) 

Subjective Rating DGP Range 

Imperceptible Glare <0.35 

Perceptible Glare 0.35-0.40 

Disturbing Glare 0.40-0.45 

Intolerable Glare >0.45 
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and Honeybee 0.0.66 plugins, to assess the 

aforementioned metrics. It's worth noting that to achieve 

a more realistic modeling approach, we incorporated 

dynamic weather conditions, encompassing all months 

and hours of the year, utilizing both EPW File and STAT 

File formats. Detailed thermophysical properties of the 

materials used are presented in Table 2 for reference. 

In this research, the radiance parameters in the 

simulation are set as Table 3, and optical properties of the 

Electrochromic Glazing shown in Table 4. 

 

 

THE CASE STUDY 
 
In this study, we have selected the administrative building 

of the Chamber of Commerce, Industries, Mines, and 

Agriculture, located in Mashhad, as our primary case 

study. Mashhad city is situated at coordinates 36 degrees 

15 minutes north and 59 degrees 38 minutes east, with an 

elevation of 999 meters (3278 feet) above sea level. 

According to the Köppen-Geiger classification, the city 

boasts a cool steppe climate with a medium/semi-arid 

latitude. The annual average temperature in Mashhad 

stands at 13.6 °C (56.5 °F) (38). For detailed climatic data 

on a monthly basis, please refer to Table 5. 

 

 
Table 2. Properties of the surface for simulation (34) 

Element 
Thickness 

(m) 

U-Value 

(W/m2.K) 

Reflectivity 

(%) 

Roof 0.42 0.345 25 

Interior Ceiling 0.31 1.449 90 

Internal Wall 0.13 2.581 80 

External Wall 0.41 0.459 80 

Table 3. Radiance parameter (Author) 

Param Description Value 

-ab Ambient bounces 2 

-aa Ambient accuracy 0.15 

-ar Ambient resolution 128 

-ad Ambient divisions 512 

-as Ambient super-samples 256 

 
 

Table 4. Thermal and optical parameters (10) 

Design parameter Value 

Electrochoromic pane type 
Generic ECREF-1 

COLORED 

Electrochoromic thickness 6 mm 

Electrochoromic conductivity (W/m.K) 0.90 

Electrochoromic solar transmittance 9.90% 

Electrochoromic visible transmittance 15.50% 

Electrical power needed to change 
electrochromic windows between clear 

and tinted state (W/m2 ) 
2 

The time needed to switch between clear 

and tinted state (Minute) 
20 

Total electricity needed to switch 

between the dimmed and clear state for 

the entire building (Wh/year) 

52240.76 

 

 

This building is situated on a plot of land covering an area 

of 672 square meters. It features a substantial vertical 

footprint, consisting of 3 underground floors and 8 above- 

ground floors. Notably, the building exhibits a distinct 

architectural   characteristic   with   a   notable   58-degree 

 
 

Table 5. Monthly table of climatic data of Mashhad city (35) 

Month 
Average Temperature 

°C 

Average Precipitation 

mm 

Average Daylight Hours/ 

Day 

Sun altitude at solar noon on the 21st 

day (°) 

Jan 0 33 9h 59' 33.8 

Feb 2 36 10h 48' 43.1 

Mar 8 52 11h 54' 54 

Apr 14 49 13h 05' 65.6 

May 20 26 14h 04' 73.9 

Jun 25 3 14h 35' 77.2 

Jul 27 1 14h 21' 74.1 

Aug 25 1 13h 30' 65.8 

Sep 20 2 12h 22' 54.4 

Oct 13 11 11h 11' 42.9 

Nov 8 16 10h 12' 33.7 

Dec 3 27 9h 43' 30.3 

http://www.mashhad.climatemps.com/temperatures.php
http://www.mashhad.climatemps.com/temperatures.php
http://www.mashhad.climatemps.com/precipitation.php
http://www.mashhad.climatemps.com/precipitation.php
http://www.mashhad.climatemps.com/sunlight.php
http://www.mashhad.climatemps.com/sunlight.php
http://www.mashhad.climatemps.com/january.php
http://www.mashhad.climatemps.com/february.php
http://www.mashhad.climatemps.com/march.php
http://www.mashhad.climatemps.com/april.php
http://www.mashhad.climatemps.com/june.php
http://www.mashhad.climatemps.com/july.php
http://www.mashhad.climatemps.com/august.php
http://www.mashhad.climatemps.com/september.php
http://www.mashhad.climatemps.com/october.php
http://www.mashhad.climatemps.com/november.php
http://www.mashhad.climatemps.com/december.php
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rotation towards the west. To visualize its location and 

architectural layout, please refer to Figures 2 and 3, which 

provide an overview of the project's site and an external 

view, respectively. 

In order to understand the performance difference of 

electrochromic glazing on the south and north facades of 

buildings, spaces have been selected in a way that, in 

addition to similarities in the dimensions and size, they 

are positioned in the southern and northern facades. 
In our current investigation, we focused on two 

working rooms, each measuring 5.50 meters in depth, 

3.05 meters in width, and 3.50 meters in height. These 

rooms were intentionally designed to facilitate direct 

interaction with the external environment, as depicted in 

Figure 4. Both of these rooms are equipped with windows 

on their north-facing side (A) and south-facing side (B), 

boasting an expansive window-to-wall ratio of 90%. To 

conduct  our  simulations,  we  assessed  each  of  these 

rooms under two distinct conditions: firstly, with 

conventional clear windows, and secondly, with the 

integration of electrochromic glazing (EC) set to its white 

mode.  Furthermore,  we established a minimum lighting 

 

 

 
Figure 2. The geographical location of the city of Mashhad 

in Iran 
 

 

 
Figure 3. Location of the project 

 
Figure 4. Showing the location of room A and B in the plan 

(Author) 
 

 

threshold within the rooms, ensuring a baseline 

illumination level of 300 lux, and during daylighting 

simulations, the Eye height ranges sight is considered to 

be 1.20 m above the floor level. 

The test rooms are furnished with two office desks, 

and the users' seating arrangement is such that they 

directly face the windows. For a visual representation of 

the test room layout, including the positioning of all 

equipment, please refer to Figure 5. 

 

 

RESULTS AND DISCUSSION 
 

In assessing the performance of light shelves, a 

fundamental approach is to compare the annual 

simulation results of key indices, such as glare, daylight 

availability, thermal comfort, and energy efficiency, 

against established criteria. As previously outlined, our 

research was undertaken with the specific aim of 

evaluating the impact of electrochromic glazing (EC) on 

thermal and visual comfort, focusing on aspects related to 

daylight and glare control. 

To achieve this objective, the annual energy 

requirement was calculated for both reference clear 

windows and electrochromic glazing. 

The analysis result for Mashhad, are presented in 

Table 6. These results indicate that, with 500 w/m2 solar  

 

 

 
Figure 5. Showing the location of rooms A and B in the 

section of the office building (Author) 
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radiation, the annual energy was lower than the reference 

clear windows under all the control conditions for EC 

glazing. 

In the next step, we utilized the Useful Daylight 

Illuminance (UDI) and Discomfort Glare Probability 

(DGP) parameters. Simulations for these parameters were 

conducted across three pivotal dates: March 21st, June 

21st, and December 21st, each representing critical solar 

and sky conditions, at four distinct time intervals (9 AM, 

12 PM, 3 PM, and 5 PM) when the sky was clear and 

sunny. 

Figure 6 presents a comparative analysis of glare 

levels (DGP) in two scenarios: one with reference clear 

windows and the other with electrochromic glazing (EC) 

for the north-facing workroom. As outlined in Section 2, 

DGP values below 0.35 indicate negligible glare within a 

space. 

The simulations reveal that when employing 

electrochromic glazing (EC) on the north facade, 33% of 

the simulated time periods exhibit imperceptible glare 

(DGP < 0.35), while 41.6% fall within the realm of 

perceptible glare. Only 25.4% of the time results in 

disturbing or intolerable glare. In contrast, the baseline 

model with reference clear windows reports 25% of time 

with imperceptible glare, 33% with perceptible glare, and 

42% with disturbing or intolerable glare. 

 

 
Table 6. Total annual heating, cooling and lighting energies 

Energy (KWh) Reference clear windows EC glazing 

Heating 25216.14 23568.57 

Cooling 6670.57 6365.59 

Lighting 3943.86 3781.95 

Total 35830.57 33716.11 

 

 

 
Figure 6. Comparison of DGP parameter of two types of 

reference clear windows and electrochromic glazing for a north-

facade office 

Figure 7 illustrates a similar simulation process for the 

south facade, with findings indicating that the use of 

electrochromic glazing (EC) reduces disturbing and 

intolerable glare by 50.4% compared to the absence of 

this glazing. Specifically, 33% of the time features 

imperceptible glare, and 33% is characterized by 

perceptible glare. 

In summary, the utilization of electrochromic glazing 

(EC) on both north and south facades results in a 40% 

reduction in disturbing glare and a 34.52% decrease in 

intolerable glare compared to reference clear windows.  

These results are similar to the research conducted by 

Amirazar and his colleagues (39) investigated the 

performance of different shading strategies including 

electrochromic glazing. They found that residents of the 

peripheral area benefit from electrochromic glazing as it 

can reduce glare in the area by more than 40% annually.  

 

Daylight performance (UDI Index) 

Another vital metric we evaluated in this study is the 

Useful Daylight Illuminance (UDI) index. UDI not only 

offers insights into the intensity of useful daylight but, 

due to its correlation with glare indices, also provides an 

indication of residents' comfort levels. This index 

succinctly encapsulates the overall daylight functionality 

within a space. Figure 9 displays the average UDI values 

between 100 and 2000 lux for both reference clear 

windows and electrochromic glazing (EC) on the north 

and south facades. Notably, lighting maps reveal a more 

uniform distribution of sufficient daylight when 

electrochromic glazing (EC) is employed, particularly in 

proximity to the windows. Furthermore, observations 

indicate that electrochromic glazing (EC) effectively 

controls and reduces high-intensity daylight (above 2000 

lux) near windows without significantly affecting light 

levels in areas further from windows. This, in turn, results 

 

 

 
Figure 7. Comparison of DGP parameter of two types of 

reference clear windows and electrochromic glazing for a south-

facade office 
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in reduced glare from excessive radiation. Comparing 

both models, it is evident that electrochromic glazing 

 

 
 

 North Facade 

 DGP (Reference) DGP (EC) 

21th June 

9 AM 

  

12 PM 

  

15 PM 

  

17 PM 

  

21th 

December 

9 AM 

  

12 PM 

  

15 PM 

  

Figure 8. DGP images resulting from the simulation for 

north facade 

(EC) is particularly effective in managing light intensity 

on the south facade. 

 

 
 South Facade 

 DGP (Reference) DGP (EC) 

21th June 

9 AM 

  

12 PM 

  

15 PM 

  

17 PM 

  

21th 
December 

9 AM 

  

12 PM 

  

15 PM 

  

Figure 9. DGP images resulting from the simulation for South 

facade 
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Figure 10. Display the UDI index of the north window 

 

 

CONCLUSION 
 
In the pursuit of fostering occupant comfort and 

optimizing visual well-being, a profound understanding 

of architectural elements, particularly the role of 

windows, emerges as paramount. Windows serve as a 

critical link between architectural aesthetics and energy 

efficiency, wielding a direct influence over Energy Use 

Intensity (EUI) and the overall comfort of building 

occupants. 

This study was conducted with the main objective of 

evaluating and comprehensively comparing the 

effectiveness of active windows compared to 

conventional windows, with a focus on reducing the 

energy consumption of the building and controlling light 

radiation and the intensity of useful daylight. To achieve 

this goal, we carried out a detailed analysis of the 

established indicators, namely total energy (TE) and DGP 

(probability of nuisance lighting) and UDI (useful 

daylighting), in two scenarios: the base model with 

standard glass and the model Equipped with active glass. 

Our assessment included both the north and south facades 

of an office building located in Mashhad. 

Using sophisticated computational tools such as 

Grasshopper software and the Honey Bee plugin, energy 

simulations were calculated using the climate file (EPW) 

for  the entire  year and  run  to  simulate  illumination  on  
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Figure 11. Display the UDI index of the south window 

 

 

21, at four specific times of the day (9 AM, 12 PM, 3 PM, 

and 5 PM), all in clear sky conditions. 

In practice, using electrochromic glazing on both 

north and south facades of a building reduces the annual 

heating and cooling energy demand by 6.5 and 4.5%, 

respectively. Additionally, our findings resoundingly 

confirm that opting for active windows over conventional 

ones represents an optimal strategy for achieving well-

balanced lighting levels throughout the day. Active glass 

installations on the north and south facades of the building 

exhibited remarkable efficacy in reducing both glare and 

excessive radiation, with reductions of 40 and 34.52%, 

respectively. Furthermore, active windows excelled in 

moderating and controlling high-intensity daylight 

(above 2000 lux) compared to the baseline model. This 

reduction in light intensity near the windows, without 

causing significant deviations in light levels in more 

distant areas, contributed substantially to mitigating glare 

resulting from excessive radiation. 

In conclusion, our research emphasizes the potential 

benefits of using active windows in building design, 

especially in enhancing visual comfort and controlling 

glare in office buildings in semi-arid and cold climates. 

To ensure broader applicability, we recommend 

extending these simulations across an entire year, 

encompassing diverse sky conditions and different usage 

contexts, such as educational spaces. Furthermore, the 
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real-world validation of these findings remains a 

promising avenue for future research, bridging the gap 

between simulation and practical application in built 

environments.  
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Persian Abstract 
 چکیده 

و    یشیو گرما   یشیسرما   ی ازهاین   نیاز حد و همچن  شیب   یگرما  ، یبصر  ش یآسا   ت یر یشان در مد ( بخاطر نقشضیفعال )قابل تعو  ی هاامروزه استفاده از پنجره

نقش    زین   یرگیدر کنترل خ  ،یعلاوه بر کاهش مصرف انرژ  ضیقابل تعو  یهااست. پنجره  افتهیگسترش    یادار  یهابه خصوص در ساختمان  ییمصرف روشنا

به منطور    ، یو شمال  ی در دو جبهه جنوب   ،یمعمول  های با پنجره  سه ی( در مقاECلعاب )   ر ییتغ  یهاپنجره  ی ریبکارگ ریتاث  ی فوق با هدف بررس  ق یدارند. تحق  یموثر

عملکرد نور    یاب ی به منظور ارز  انساختم  یسازهیدر شهر مشهد، انجام شده است. در گام اول شب  یساختمان ادار  کیدر    یو بصر  یحرارت  شیآسا   طی بهبود شرا

  ی اب ی ارز  یبرا  Ladybugو    Honeybee  هاینیانجام شده است و سپس از پلاگ  نویافزار راگرس هاپر در نرم  نی با استفاده از پلاگ  یو بصر  یحرارت  شیروز و آسا 

ها  نهیگز  نیتر نهیاز به  یکی یمعمول  هایپنجره  یفعال بجا  یهاپنجره  یریبکارگ  دهی نشان داد، ا  جی روز استفاده شده است. نتا  دیو شاخص نور مف  ی رگیشاخص خ

  یتقاضا ، یمعمول ی هاشهیبا ش سه یساختمان، در مقا  یو جنوب  یشمال ی فعال در نما های شهیمتعادل در روز است. در واقع ش یی به سطوح روشنا   ی اب یدست ی برا

به    بیترته  تحمل را ب  رقابلیو غ  کنندههریتابش خ  زانیم  توانندیم  ن،برای  دهد. علاوهیکاهش م%    5/4و    %  5/6  بیسالانه را به ترت  یشیو سرما  یشیگرما   یانرژ
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