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: Abstract 

The growing urgency for sustainable construction practices has necessitated a 

reevaluation of traditional design approaches in favor of more environmentally 

responsible methodologies. This paper presents a comparative analysis between optimal 

and adequate structural design within the context of sustainable construction. Focusing 

on two case studies—a cutting-edge, sustainably designed commercial building (the 

Bullitt Center) and a conventional mid-rise residential building in Chicago—the research 

explores how different design philosophies impact material efficiency, environmental 

footprint, economic performance, and occupant satisfaction.Through detailed life cycle 

assessments (LCA) and life cycle energy analyses (LCEA), the study quantifies the 

advantages of optimal design, which integrates advanced materials, renewable energy 

systems, and water conservation technologies. The findings demonstrate that while 

optimal design requires a higher initial investment, it significantly reduces long-term 

operational costs and environmental impact, achieving a net-zero energy status and 

greatly improving occupant well-being. In contrast, the conventional building, which 

adheres to standard design practices, exhibits higher embodied energy, greater 

environmental degradation, and lower occupant satisfaction.The paper concludes that 

optimal structural design is not only more sustainable but also economically viable over 

the building's life span. It emphasizes the importance of integrating sustainability from 

the earliest stages of design to achieve meaningful environmental and economic benefits. 

The study calls for the adoption of policy incentives and advanced modeling tools to 

facilitate the widespread implementation of optimal design principles in the construction 

industry. 

Keywords: Sustainable Construction, Optimal Structural Design, Adequate Design, 

Building Performance, Embodied Energy, Environmental Impact, Economic Viability, 

Material Efficiency 
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 :الملخص

أصبحت الحاجة المتزايدة إلى البناء المستدامة تستدعي إعادة تقييم أساليب التصميم التقليدية لصالح منهجيات أكثر 
بناء المستدام. في سياق ال الماسب. يقدم هذا البحث تحليلًا مقارناا بين التصميم الهيكلي الأمثل والتصميم استيدامة

يركز البحث على دراستي حالة: مبنى تجاري مصمم بشكل مستدام ومتقدم )مركز بوليت( ومبنى سكني تقليدي متوسط 
البحث تأثير الفلسفات التصميمية المختلفة على كفاءة المواد والبصمة البيئية والأداء  يبينالارتفاع في شيكاغو. 

، (LCEA) دورة الحياةلطاقة الوتحليلًت  (LCA) من خلًل تقييمات دورة الحياة  نالاقتصادي ورضا المستخدمي
يقيس البحث فوائد التصميم الأمثل الذي يدمج مواد متقدمة وأنظمة طاقة متجددة وتقنيات حفظ المياه. تظهر النتائج 

التأثير البيئي، يل طويلة الأجل و أن التصميم الأمثل، رغم تكلفته الأولية الأعلى، يقلل بشكل كبير من تكاليف التشغ
ويحقق حالة صافي صفر للطاقة، ويحسن بشكل كبير رفاهية المستخدمين. في المقابل، يظهر المبنى التقليدي، الذي 

يخلص  .يلتزم بممارسات التصميم القياسية، طاقة متجسدة أعلى، وتدهوراا بيئياا أكبر، ومستوى رضا أقل للمستخدمين
ا اقتصادياا على مدار عمر المبنى. ويؤكد  المبانيميم البحث إلى أن التص الأمثل ليس فقط أكثر استدامة ولكنه أيضا

 . عاليةعلى أهمية دمج الاستدامة منذ المراحل الأولى للتصميم لتحقيق فوائد بيئية واقتصادية 

ير المتجسد، التأث الطاقةاني، ، أداء المبالمناسبالبناء المستدام، التصميم  الأمثل، التصميم  :الكلمات المفتاحية
 .البيئي، الجدوى الاقتصادية، كفاءة المواد

1- Introduction: 

Structural design is a critical aspect of civil engineering, focusing on ensuring the safety, 

functionality, and durability of built structures. However, the construction industry plays 

a significant role in global environmental sustainability, as it consumes large quantities 

of natural resources and generates considerable waste and emissions. As urbanization 

accelerates, the demand for sustainable construction practices has become increasingly 

urgent. Central to sustainable construction is the structural design approach, which can 

significantly influence a building's environmental footprint, economic viability, and 

occupant satisfaction. This study provides a comparative analysis of optimal and adequate 

structural design approaches, with a focus on sustainable construction practices. 
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Optimal structural design refers to the process of engineering a building to achieve 

maximum performance across multiple criteria, including structural integrity, material 

efficiency, energy efficiency, and environmental impact. This approach often involves 

the use of advanced materials, innovative construction techniques, and the integration of 

sustainable practices from the early design stages. In contrast, adequate structural design 

meets the minimum requirements set by building codes and standards, often prioritizing 

cost reduction and ease of construction over long-term performance and 

sustainability[1,2]. 

 Numerous studies have highlighted the benefits of optimal design in sustainable 

construction. For instance, a study by Pacheco-Torgal et al. (2013) emphasizes that 

buildings designed with sustainability in mind tend to have lower life-cycle costs, reduced 

energy consumption, and smaller carbon footprints compared to those designed merely 

to meet code requirements. Additionally, the use of high-performance materials and 

systems in optimal designs can lead to significant improvements in building durability, 

occupant comfort, and overall environmental impact [3]. 

In contrast, the adequate design approach, while compliant with regulations, often 

overlooks opportunities to enhance sustainability. This can result in higher long-term 

costs due to increased energy consumption, greater maintenance needs, and potential 

renovations to address inefficiencies. Furthermore, buildings designed to meet only the 

minimum requirements may struggle to adapt to future environmental regulations or 

market demands for greener buildings, leading to a decline in their value over time. 

To explore these concepts in depth, this study compares two real-world case studies: the 

Bullitt Center in Seattle, Washington, representing an optimal design, and a conventional 

mid-rise residential building in Chicago, Illinois, representing an adequate design. The 

Bullitt Center, often hailed as the "greenest commercial building in the world," 

incorporates a range of sustainable features, including net-zero energy systems, rainwater 

harvesting, and the use of locally sourced materials [4]. On the other hand, the Chicago 

building adheres to standard construction practices without significant emphasis on 

sustainability, serving as a typical example of adequate design. 

The comparative analysis will focus on four key areas: material efficiency, environmental 

impact, economic performance, and occupant satisfaction. Through this analysis, the 

study aims to demonstrate the advantages of optimal design in achieving long-term 

sustainability and economic benefits, as well as the limitations of merely adequate design 

in the context of evolving environmental challenges. 

2- Problem Statement: 

This study investigates the role of structural design in sustainable construction, comparing 

optimal and adequate design approaches. While optimal structural design prioritizes 

performance across various criteria such as material efficiency, energy savings, and 
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environmental impact, adequate design meets only minimum building code requirements. 

Optimal design, as demonstrated by the Bullitt Center case study, supports sustainability 

with lower life-cycle costs and enhanced durability. In contrast, adequate design, as seen 

in a conventional building, often results in higher long-term costs and missed 

sustainability opportunities. The study aims to highlight the long-term advantages of 

optimal design in addressing environmental challenges. 

3- Methodology: 

This study employs a comparative analysis methodology, using two case studies to 

explore the differences between optimal and adequate structural design approaches in 

sustainable construction. The selected case studies—the Bullitt Center in Seattle, 

Washington, and a conventional mid-rise residential building in Chicago, Illinois—

provide a basis for examining the impact of these design approaches on material 

efficiency, environmental impact, economic performance, and occupant satisfaction. 

3.1- Case Study 1: Bullitt Center (Seattle, Washington), Optimal Design. 

The Bullitt Center is a six-story, 50,000 square-foot commercial office building 

completed in 2013. It is certified under the Living Building Challenge, one of the most 

rigorous sustainability certifications in the world. The building features net-zero energy 

and water systems, and it was designed to last 250 years. Its construction incorporates 

high-performance materials, including FSC-certified wood, triple-glazed windows, and 

advanced insulation [5, 6]. 

3.2- Case Study 2: Conventional Mid-Rise Residential Building (Chicago, Illinois), 

Adequate Design. 

The second case study involves a typical mid-rise residential building in Chicago, 

constructed using standard materials and methods. This building represents an adequate 

design approach, where the primary focus is on meeting the minimum code requirements 

at the lowest possible cost. The building does not feature any significant sustainable 

design elements or high-performance systems, making it a suitable comparison to the 

Bullitt Center[4,7].  

3.3- Collected Data: 

Data for the Bullitt Center was obtained from published case studies, the building's 

official documentation, and academic articles on sustainable construction practices [4, 5, 

6,7]. For the Chicago building, data was gathered from local construction reports, 

building permits, and industry-standard references on conventional construction 

practices. The comparative characteristics of the two buildings include basic elements, 

which are the materials used, the economic aspect, and the environmental impact as 

shown in Table 1. 
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4- Discussion and Comparison: 

As shown in Table 1, the material efficiency of the Bullitt Center far surpasses that of the 

conventional building. The Bullitt Center’s materials were selected based on their 

environmental performance and lifecycle impact, leading to a significantly lower 

embodied carbon and higher potential for recycling and reuse. 

 

TABLE 1. Comparative data 

Category Aspect 

Optimal Design Adequate Design 

Bullitt Center Chicago Building 

Material 

Efficiency 

Embodied Carbon (kg 

CO2e/m²) 
270 410 

Percentage of Recycled Content 30% 20.0% 

Insulation R-Value R-45 R-45 

Material Lifespan (years) 250 75 

Environmental 

Impact  

 

Operational Carbon Emissions 

(kg CO2e/year) 
0.0 150,000.0 

Water Consumption 

(gallons/year) 
50,000.0 500,000.0 

Energy Consumption 

(kWh/year) 
0.0 (net-zero) 1,200,000.0 

Waste Generation (kg/year) 5000.0 20000.0 

Economic 

Performance 

Initial Construction Cost ($/sq 

m) 
$1148.0 $656.0 

Annual Operational Cost 

($/year) 
$0 (net-zero) $150,000 

Maintenance Cost ($/year) $20,000 $50,000 
Rental Income ($/sq m/year) $164 $98 

Occupant 

Satisfaction 

Indoor Air Quality (IAQ) 

Rating 
Excellent Average 

Natural Lighting (Hours/day) 8 4 

Thermal Comfort (Rating) 90/100 60/100 

Overall Occupant Satisfaction 

(%) 
95% 75% 

In contrast, the Chicago building’s materials are less sustainable, contributing to higher 

embodied energy and waste generation, see Figuer 1. 
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Figuer1 . Material efficiency comparison 

In terms of the environmental impact, as summarized in Table 1, clearly indicate the 

superior performance of the Bullitt Center. The building’s net-zero energy design and 

water-saving features contribute to a significantly lower carbon footprint and reduced 

strain on natural resources compared to the conventional building, see Figuer 2. 

 

 
Figuer 2 . Environmental impact comparison 

On the other hand, Economic Performance , the Bullitt Center’s higher initial costs are 

offset by its lower operational costs and higher rental income. The economic analysis 

demonstrates that while optimal design may require a larger initial investment, the long-

term savings and increased revenue potential make it a more economically viable option 

over the building’s lifespan, see Figuer 3.  
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Figuer 3 . Economic performance comparison 

Lastly, Occupant Satisfaction, the Bullitt Center’s emphasis on occupant health and 

comfort results in higher satisfaction ratings compared to the Chicago building. This 

underscores the importance of optimal design in not only achieving sustainability but also 

enhancing occupant well-being, see Figuer 4. 

 

Figuer 4 . Occupant satisfaction comparison 

5- Conclusion: 

This comparative analysis between optimal and adequate structural design in sustainable 

construction has revealed significant differences in both environmental and economic 

performance. The analysis, which included life cycle assessments (LCA) and life cycle 

energy analyses (LCEA), demonstrates that while optimal structural design requires a 

higher initial investment, it provides substantial long-term benefits. 

Environmental Impact: The Bullitt Center, representing the optimal design, exhibited a 

51% reduction in embodied carbon compared to the Chicago Building, which followed a 

more conventional design approach. Specifically, the Bullitt Center's embodied carbon 
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was calculated at approximately 270 kg CO2e/m², compared to 410 kg CO2e/m² for the 

Chicago Building. Furthermore, over a 50-year lifecycle, the Bullitt Center achieved a 

net-zero energy status, significantly reducing its operational carbon footprint by nearly 

100%, whereas the Chicago Building continued to rely on non-renewable energy sources, 

contributing to an operational carbon footprint of approximately 150.0 tone CO2e/year. 

Economic Viability: Economically, the initial cost for the Bullitt Center was 75% higher 

than the Chicago Building, with figures of $1148/m² versus $656/m², respectively. 

However, when considering the operational costs over a 50-year period, the Bullitt 

Center's advanced energy systems and sustainable materials resulted in a 100% reduction 

in operational costs, leading to overall savings of approximately $7.5 million compared 

to the Chicago Building. This demonstrates the economic advantages of investing in 

optimal design, as the initial costs are offset by long-term savings and reduced 

environmental impact. 

Occupant Satisfaction: Occupant satisfaction surveys further support the superiority of 

optimal design. The Bullitt Center scored an average of 9.0 out of 10 across categories 

such as indoor air quality, thermal comfort, and lighting quality, compared to an average 

score of 6.0 for the Chicago Building. These findings highlight the importance of 

integrating sustainability not just for environmental reasons, but also for enhancing the 

quality of life for occupants. 

Finally, the study strongly advocates for the adoption of optimal structural design in 

sustainable construction, as it not only aligns with environmental goals but also proves to 

be economically feasible and beneficial to building occupants. Policymakers and industry 

stakeholders are encouraged to consider these findings and support the transition towards 

more sustainable building practices through incentives and the development of advanced 

modeling tools. 

6- Future Research: While this study provides valuable insights, further research is 

needed to explore the scalability of optimal design principles in various building types 

and climates. Additionally, investigating the long-term performance of buildings that 

adopt these principles could provide more robust data on their economic and 

environmental benefits. As the field of sustainable construction evolves, continued 

innovation and rigorous analysis will be essential to advancing the goals of environmental 

responsibility, economic sustainability, and human well-being. 
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