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Abstract 
Leveraging advanced simulation processes and optimiza-

tion algorithms, this research aims to enhance energy per-

formance and daylight harvesting for a case-study build-

ing, the Bullitt Center, Seattle, Washington, U.S.. Specifi-

cally, it studies the role of shading devices to conserve en-

ergy. Central to this research is the utilization of simula-

tion processes and optimization algorithms as powerful 

tools to analyse and fine-tune building performance. 

Through systematic examination, the research offers nu-

anced insights into the dynamic interplay between archi-

tectural elements and environmental conditions, high-

lighting the potential of advanced simulation methodolo-

gies to address contemporary challenges in building de-

sign and performance. 

1. Introduction

The pursuit of sustainable building practices is im-

perative in contemporary architecture, necessitating 

innovative strategies to enhance energy efficiency 

and thermal performance. One of the primary driv-

ers behind the adoption of sustainable building 

practices is the urgent need to mitigate climate 

change. According to the International Energy 

Agency (IEA) (2024), buildings are significant con-

tributors to greenhouse gas emissions, accounting 

for approximately 30 % of global carbon dioxide 

emissions. Therefore, reducing the environmental 

impact of buildings through sustainable design and 

construction practices is crucial for mitigating cli-

mate change and achieving global sustainability 

goals. 

In addition to environmental concerns, sustainable 

building practices also address social and economic 

challenges. Sustainable buildings offer numerous 

benefits to occupants, including improved indoor 

air quality, enhanced thermal comfort, and better 

overall well-being. For example, green buildings 

have been shown to reduce absenteeism and in-

crease productivity among occupants, leading to 

economic gains for building owners and employers 

(Chen et al., 2023). Furthermore, sustainable build-

ings often have lower operating costs due to re-

duced energy and water consumption (Tushar et al., 

2019), making them financially attractive invest-

ments in the long term (Waage et al., 2005). 

The integration of advanced simulation techniques 

is fundamental for achieving sustainable building 

practices and optimizing building performance. 

These techniques serve as powerful tools for archi-

tects and engineers to analyze and refine various as-

pects of building design, including energy effi-

ciency, thermal comfort, and daylighting. By incor-

porating advanced simulation techniques into the 

design process, designers can make informed deci-

sions that enhance building performance while min-

imizing environmental impact. 

One crucial aspect of integrating advanced simula-

tion techniques is the evaluation of building energy 

consumption and thermal performance. Addition-

ally, advanced simulation techniques play a key role 

in assessing the impact of shading devices on build-

ing performance. Shading analysis software such as 

Radiance and Daysim enable designers to predict 

natural daylight levels within buildings and evalu-

ate the effectiveness of shading strategies in reduc-

ing solar heat gain and glare (Reinhart, 2018). By 

simulating different shading scenarios, architects 

can optimize the design of shading devices such as 

louvers, overhangs, and blinds to maximize day-

light penetration while minimizing energy con-

sumption for lighting and cooling. 
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In the realm of sustainable building design, optimiz-

ing building performance with shading devices 

emerges as a cornerstone strategy. Shading devices, 

encompassing louvers, overhangs, blinds, and awn-

ings, offer robust solutions to counteract solar heat 

gain, minimize glare, and augment natural day-

lighting within built environments (Sghiouri et al., 

2018). The integration of shading devices into archi-

tectural design and the meticulous management of 

solar radiation represent pivotal steps towards en-

hancing energy efficiency, thermal comfort, and in-

door environmental quality. 

Furthermore, simulation-based design optimization 

enables architects to assess the energy performance 

of buildings with different shading configurations. 

Energy simulation software like OpenStudio, 

DesignBuilder, and Honeybee (Grasshopper 

plugin) allow for the modeling of energy consump-

tion under varying shading scenarios, enabling the 

identification of optimal strategies to minimize en-

ergy usage while maintaining thermal comfort and 

daylighting levels (Barber & Krarti, 2022). By strate-

gically positioning shading devices to modulate di-

rect sunlight and diffuse natural daylight, architects 

can create more comfortable and productive indoor 

environments for occupants. 

In the pursuit of sustainable building design and the 

optimization of building performance, addressing 

the complexities of heat gain mitigation holds para-

mount importance (Park et al., 2024). Architects and 

engineers endeavor to minimize heat gain, reduce 

energy consumption, and cultivate healthier, more 

comfortable indoor environments. This endeavor 

involves the strategic integration of advanced simu-

lation techniques alongside the incorporation of 

shading devices, insulation enhancements, and cal-

ibrated openings into building design. By navi-

gating these complexities, professionals can effec-

tively manage solar radiation, enhance thermal 

comfort, and achieve energy efficiency goals. 

Given these premises, the exploration within this 

work delves into the seamless integration of ad-

vanced simulation techniques and shading devices 

to optimize building performance. 

2. Methodology and Materials

In the context of enhancing building performance 

and sustainability, this study aims to address chal-

lenges associated with heat gain mitigation and the 

integration of shading devices. A relevant case 

study for examining these objectives is the Bullitt 

Center, Seattle, Washington, U.S., recognized as a 

pioneering example of sustainable building design 

(Fig. 1). With its emphasis on passive design strate-

gies and efficient shading devices, the Bullitt Center 

offers an ideal context for exploring the effective-

ness of advanced simulation techniques in optimiz-

ing energy efficiency and indoor comfort.  

Fig. 1 – A view of the existing Bullitt Center, showcasing its sus-
tainable architectural design and innovative features 

To model the relationship between the study objec-

tives and the Bullitt Center, a specific part of the 

building, such as the façade, can be selected for anal-

ysis. This area incorporates shading devices de-

signed to mitigate solar heat gain, and advanced 

simulation tools can be utilized to evaluate their 

performance in reducing heat gain while maintain-

ing sufficient levels of natural daylighting (Fig. 2). 

Energy modeling played a crucial role in the feasi-

bility phase of the project to establish envelope ther-

mal parameters supporting the net-zero energy de-

sign goal. The targeted Energy Use Intensity (EUI) 

was set below 20 kBtu/ft²-yr (63 kWh/m²-yr) and re-

duced to 16 kBtu/ft²-yr (50 kWh/m²-yr) as design 

progressed. In its first year, the Bullitt Center 

achieved an actual EUI of 29.65 kWh/m²-year, which 

is 41 % better than the predicted EUI of 

50.80 kWh/m²-year (Hanford, 2015; Peña, 2014). 
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Fig. 2 – Views of the existing Bullitt Center, focusing on the inte-
grated shading louvers and the roof with its shadow 

2.1 Simulation and Analysis 
This section focuses on the simulation and analysis 

of the Bullitt Center’s energy performance, leverag-

ing advanced computational tools and techniques. 

The simulations were conducted using Honeybee 

and Ladybug plugins, which interface with Ener-

gyPlus and OpenStudio engines. These tools allow 

for detailed energy modeling and environmental 

analysis, providing comprehensive insights into the 

building's performance. 

The building was initially modeled in Revit, includ-

ing the shading louvers, which were parametrically 

designed. This model was then exported to Rhino 

for further refinement (Fig. 3). 

Fig. 3 – View of the existing Bullitt Center modeled in Revit with 
parametric louvers 

However, due to the limitation in Grasshopper 

where not all windows had shading devices, the HB 

Louver Shades component was not initially se-

lected. Consequently, the shading louvers were re-

modeled parametrically in Grasshopper as an array 

to ensure accurate representation in the simulation 

(Fig. 4). Only the number and distance of the louvers 

were modeled parametrically; their rotation was not 

considered since the existing building does not sup-

port this option. The louvers function only as verti-

cal elements adjusted manually by users to different 

thresholds. 

The building has been divided into five zones for 

the simulation. Each floor constitutes a zone, with 

Zone 1 comprising the ground floor and its mezza-

nine. The detailed simulation focused particularly 

on Zone 3, incorporating the use of louvers to assess 

their impact on energy performance. 

Fig. 4 – View of the existing Bullitt Center modeled in Rhino/Grass-
hopper with parametric louvers 

Furthermore, the methodology involves a detailed 

analysis of shading devices using simulation tools 

like Radiance and Daysim. These tools enable de-

signers to simulate daylight levels and solar radia-

tion distribution within interior spaces under differ-

ent shading scenarios. By evaluating the perfor-

mance of shading devices and their impact on day-

light penetration and thermal comfort, optimal 

shading strategies can be identified.  

The Bullitt Center employs an innovative HVAC 

system aligned with the principles of the Living 

Building Challenge. This system emphasizes energy 

efficiency and sustainability, relying on renewable 

energy sources. The building utilizes natural venti-

lation strategies, supplemented by mechanical sys-

tems when necessary to ensure adequate indoor air 

quality and thermal comfort. 

The dedicated outside air system (DOAS) with a 

heat pump was also incorporated into the Grass-

hopper simulation to accurately reflect the HVAC 

system used in the building. Heating and cooling 

setpoints were 23 and 27 °C, respectively. 

The simulation incorporated the following thermal 

properties for the Bullitt Center as shown in Table 1. 
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Table 1 – Thermal properties for the Bullitt Center 

Component Property Value  

Windows SHGC  

U-Value 

0.31 

0.17 W/(m²K) 

Exterior Walls U-Value 0.189 W/(m²K) 

Exterior Roof U-Value 0.149 W/(m²K) 

Interior Walls U-Value 0.284 W/(m²K) 

2.2 Simulation Process and  
Data Interpretation  

The detailed simulation focused particularly on 

Zone 3 (Fig. 5), incorporating the use of louvers to 

assess their impact on energy performance (Area: 

758.58 m2 including circulation spaces). 
Simulations were initially run without louvres to 

evaluate the energy performance (energy use inten-

sity, EUI) and annual daylight performance using 

the Honeybee and Ladybug plugins. These simula-

tions aimed to establish a baseline understanding of 

the building's energy consumption and natural 

lighting conditions before introducing shading de-

vices. Although the primary focus was on Zone 3, 

simulations were run for all zones to capture the ho-

listic energy performance of the Bullitt Center, be-

cause energy performance in one zone can affect ad-

jacent zones due to heat transfer through internal 

walls, floors, and ceilings. Also, a heating, ventila-

tion and air-conditioning (HVAC) system operates 

across the entire building. Evaluating all zones en-

sures the system is optimized for the building as a 

whole, rather than just a single area. 

The simulation revealed an EUI of 35.04 kWh/m²-

year, closely aligning with the actual recorded EUI 

of 29.65 kWh/m²-year (Table 2). This close alignment 

indicates the accuracy and robustness of the simula-

tion approach. 

Table 2 – Simulation results without louvers 

Parameter Without Louvres 

EUI (kWh/m²-year) 35.04 (All zones)  

Solar Gain (kWh) 27,356.62 (Zone 3) 

Cooling Load (kWh) 2201.27(Zone 3) 

 

Fig. 5 – The plan of the selected floor displays its dimensions and 
layout 

According to the results, without louvres, Zone 3 ex-

perienced a high solar gain of 27,356.62 kWh. This 

significant amount of solar heat gain contributed to 

increased cooling demands and potential overheat-

ing. The cooling load in Zone 3 without louvres was 

2,201.27 kWh. This high cooling demand was di-

rectly related to the high solar gain and internal heat 

sources. 

Minimizing overheating in a building simulation is 

crucial for maintaining occupant comfort and re-

ducing energy consumption. Moreover, optimizing 

the configuration of shading devices is essential for 

minimizing overheating while maintaining suffi-

cient daylight in a building. Daylighting perfor-

mance is essential for both energy efficiency and oc-

cupant comfort. The useful daylight illuminance 

(UDI) and daylight autonomy (DA) metrics were se-

lected for evaluating daylight performance. Table 3 

presents the average daylight performance metrics 

without the use of louvres. Figures 6 and 7 illustrate 

the simulation results, showcasing how daylight is 

distributed and utilized within Zone 3. 

Table 3 – Thermal properties for the Bullitt Center 

Metric Without Louvers  

UDI 72.04 % (Average) 

DA 42.05 % (Average) 
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Fig. 6 – UDI distribution without louvres in Zone 3 

Fig. 7 – DA distribution without louvres in Zone 3 

2.3 Solar Radiation Mitigation 
and Shading Integration 

The energy simulation process provided critical in-

sights into the performance of the Bullitt Center af-

ter the implementation of shading louvres. The re-

sults were particularly focused on Zone 3, though 

simulations were run for all zones to ensure a com-

prehensive analysis of the building's overall energy 

performance. 

After implementing the louvres across all zones, the 

simulation showed an EUI of 34.45 kWh/m²-year. 

This value is a slight improvement over the initial 

EUI (without louvres), indicating that the shading 

devices effectively reduced the building’s overall 

energy consumption. 

Detailed results for Zone 3, the zone with the most 

thorough analysis, demonstrate significant reduc-

tions in solar gain and cooling load (Table 4). 

Table 4 – Simulation results with louvers 

Parameter With Louvres 

EUI (kWh/m²-year) 34.452 (All zones) 

Solar Gain (kWh) 6908.94 (Zone 3) 

Cooling Load (kWh) 671.80 (Zone 3) 

Implementing louvres reduced the solar gain in 

Zone 3 to 6,908.94 kWh. This reduction highlights 

the louvres' effectiveness in blocking excess solar ra-

diation, thus minimizing heat gain through the 

building’s glazing. The cooling load in Zone 3 de-

creased to 671.80 kWh after the implementation of 

louvres. This reduction is crucial for maintaining 

comfortable indoor temperatures without over-reli-

ance on the HVAC system. The implementation of 

louvres resulted in a 74.76 % reduction in solar gain 

and a 69.47 % reduction in the cooling load for 

Zone 3. 

The louvres were designed to cover all the glazing 

surfaces in Zone 3, providing consistent shading 

across all windows. The number and distance of 

louvres were modeled parametrically, ensuring op-

timal shading performance.  

To assess the impact on daylighting on daylighting 

with louvres, UDI and DA metrics were evaluated. 

The implementation of louvres led to a reduction in 

UDI and DA, indicating that while solar heat gain 

was minimized, the availability of natural daylight 

also decreased as shown in Table 5. Figures 8 and 9 

illustrate the daylight distribution in Zone 3 without 

louvres. 

Table 5 – Thermal properties for the Bullitt Center 

Metric Without 

Louvres 

With 

Louvres 

Reduction 

(%) 

UDI 

 (100-2000 lux) 

72.04 % 46.60 % 35.31% 

DA 

(300 lux) 

42.05 % 5.54 % 86.83% 
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The UDI decreased by 35.31 %, and the DA metric 

saw an even more dramatic reduction, decreasing 

by 86.83 %, indicating a significant drop in the per-

centage of occupied hours during which natural 

daylight alone meets the minimum illuminance 

level. The results highlight the trade-off between re-

ducing overheating and maintaining adequate day-

light levels. While louvres effectively reduce solar 

heat gain, their impact on daylighting must be care-

fully managed to ensure that spaces remain ade-

quately lit by natural light. 

The assessment reveals that shading louvres signif-

icantly influence both energy performance and day-

light availability. By reducing solar gain and cooling 

loads, louvres improve energy efficiency but also re-

duce the amount of useful daylight. Therefore, opti-

mizing the configuration of shading devices is cru-

cial to balance thermal comfort and natural light, en-

suring both energy efficiency and occupant comfort 

in sustainable building design. 

Fig. 8 – UDI distribution with louvres in Zone 3 

Fig. 9 – DA distribution with louvres in Zone 3 

2.4 Multidisciplinary Approach 
and Optimization Algorithms 

Optimization algorithms are essential in navigating 

the complex trade-offs inherent in building perfor-

mance. Two notable components used in this con-

text are the Wallacei X Component and the Galapa-

gos Component in Grasshopper. Galapagos compo-

nent is an evolutionary solver in Grasshopper, 

widely used for single-objective optimization prob-

lems. While effective, it may not handle multi-objec-

tive optimization as efficiently as other specialized 

tools. 

Wallacei X Component was selected for this study 

due to its robust capability to handle multi-objective 

optimization problems. In the Wallacei X Compo-

nent, the objectives were set to: 

- Maximize Daylight Autonomy (DA): ensures

sufficient natural light during occupied hours.

- Maximize Useful Daylight Illuminance (UDI):

ensures that the illuminance levels are within a

range that is useful for typical tasks without

causing glare.

- Minimize Energy Use Intensity (EUI): reduces

the overall energy consumption of the building,

enhancing energy efficiency.
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The genes in this optimization process were: 

- Distance between Louvres: adjusting the spac-

ing impacts both shading effectiveness and

daylight penetration.

- Number of Louvres: varying the quantity influ-

ences the balance between reducing solar gain

and maintaining natural light levels.

After running the simulations, the optimal configu-

ration was found to be a distance of 4 cm between 

each louvre, with a total of 17 louvres from the top 

to the bottom of the windows (Fig. 10). This config-

uration was determined to best achieve the objec-

tives of improving daylight performance and reduc-

ing energy consumption. 

After the optimization process using the Wallacei X 

Component, the results showed significant im-

provements in daylight performance metrics while 

maintaining an acceptable balance in energy use in-

tensity. The UDI improved to 70.88 %, close to the 

72.04 % without louvres and significantly higher 

than the 46.60 % with full louvres. This indicates a 

successful balance in maintaining useful daylight 

levels. The DA also improved to 34.40 % from 5.54 % 

with full louvres, demonstrating better natural light 

during occupied hours compared to the full louvre 

scenario, though still lower than the 42.05 % without 

louvres. 

Fig. 10 – Visualization of the optimized louvers integrated into the 
existing Bullitt Center model in Rhino/Grasshopper, alongside the 
input data displayed in the Wallacei X Component 

Table 6 – Comparison of Simulation Results: Impact of Louvres 
Integration and Optimization 

Parameter Without 

Louvres 

With 

Full 

Louvres 

Optimized 

Louvres 

UDI 

(100-2000 lux) 

72.04 % 46.60 % 70.88 % 

(Average) 

DA 

(300 lux) 

42.05 % 5.54 % 34.40 % 

(Average) 

Cooling 

(kWh) 

2,201.27 671.80 2255.75 

Solar gain 

(kWh) 

27356.62 6,908.94 22087.41 

EUI 

(kWh/m²-year) 

35.038 34.452 34.927 

The cooling load with optimized louvres was 

slightly higher at 2,255.75 kWh compared to the sce-

nario without louvres but significantly lower than 

with full louvres. The solar gain also reduced signif-

icantly to 22,087.41 kWh from 27,356.62 kWh with-

out louvres, although it was higher than the solar 

gain with full louvres. This reflects the trade-off be-

tween maximizing natural light and controlling solar 

heat gain. The EUI for the optimized louvre configu-

ration is 34.927 kWh/m²-year, which is slightly 

higher than with full louvres (34.452 kWh/m²-year) 

but still lower than without louvres (35.038 kWh/m²-

year). The slight increase compared to the full lou-

vre configuration can be attributed to the need for 

balancing daylight and thermal performance, where 

more daylight penetration leads to slightly higher 

cooling demands. 

3. Future Study and Limitations

The current study assumed a fixed louvre configu-

ration without considering the dynamic adjustment 

or rotation of louvres. This simplification may not 

fully capture the potential benefits of adaptive shad-

ing strategies, leading to suboptimal performance in 

terms of energy efficiency and daylighting. By dy-

namically adjusting the orientation of louvres 

throughout the day, the building's performance in 

terms of solar gain reduction and daylighting opti-

mization could be further enhanced. 
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A detailed analysis could be conducted to under-

stand of how different façade orientations affect the 

performance of shading louvres. Given the varying 

positions of the sun throughout the day, different 

façades may experience distinct levels of solar radi-

ation and daylight penetration, necessitating cus-

tomized shading solutions. 

4. Conclusion

The optimized louvre configuration demonstrates a 

well-balanced approach to enhancing daylight per-

formance and controlling thermal gains. Although 

there was no significant reduction in total EUI, the 

optimization effectively improved UDI and DA, in-

dicating better daylight performance while still 

maintaining energy efficiency. While the current 

study provides valuable insights into the optimiza-

tion of shading louvres for building performance 

enhancement, there are opportunities for future re-

search to address these limitations and further re-

fine the design and implementation of shading 

strategies. By exploring the integration of rotation 

louvres, conducting façade-specific performance 

analyses, and addressing computational challenges, 

future studies can advance the state-of-the-art in 

building performance optimization and contribute 

to more sustainable and comfortable built environ-

ments. 
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