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Executive Summary 
 

 

 

 

If we explore the present and future reality of the twenty-

first century, we will discover the inevitability of two 

separate yet intrinsically related events: increasing global 

population and climate change. 

 

In order to accommodate for a growing society, our 

world will require the continued evolution of the built 

environment in terms of scale, form, and function. 

However, this unprecedented growth has proven so far to 

produce an unfortunate degradation of our earth resulting 

from harmful carbon emissions that propel global 

warming. Indeed, we are trapped in a dilemma that forces 

us to reconceive the built environment in such a way to 

avoid damaging our natural home. 

 

So, is there a solution? Most likely not a single solution, 

but rather many. Nonetheless, our current efforts have 

shown that most of them have to do with a marvelous 

concept that dates back several centuries ago known as 

sustainability. 

 

With regards to the design of buildings, several efforts 

have already been made to increase the sustainable 

development of building projects. One such advance is 

known as the Integrated Design Process or IDP. 

 

This paper intends to introduce the IDP focusing 

specifically on providing strategies that achieve 

sustainable outcomes from a structural engineering 

perspective. To this end, the main objective of this work 

is not to prescribe but instead to inform. 

 

Ultimately, this paper aspires to advance the structural 

engineering profession and to encourage the reader 

towards pursuing the challenging yet rewarding purpose 

of sustainability: to make the world a better place. 
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Introduction 
 

 

 

A Wicked Problem 

According to the United Nations, it is expected for the 

global urban population to increase by 2.5 billion people 

in the next 30 years or so[1]. To accommodate this 

growth, the world will need to build the equivalent of a 

city of more than 1.5 million people every week[1]. 

 

Consequently, we can anticipate an increasing role of the 

built environment in the development of our society in 

years to come. But are we aware of the detrimental 

consequences that might result from this phenomenon? 

Current construction trends continue to prove that we 

might still be underestimating the environmental effect of 

urban development as a whole. 

 

A study conducted in 2021[2] determined that the built 

environment sector alone generates about 47% of annual 

global carbon dioxide (CO2) emissions, surpassing that of 

transportation and industrial applications. Specifically, 

the study found that building operations are responsible 

for 27% of annual global CO2 emissions, while the 

remaining 20% corresponds to CO2 emissions related to 

building material production and construction processes 

(i.e., the “embodied” carbon of a building). 

 

Considering the impact of carbon emissions on climate 

change, it becomes nearly impossible to deny the fact 

that the development of the built environment comes at 

the unfortunate cost of environmental degradation. 

Nonetheless, we must also accept that it will be very 

difficult for us to meet the demands of a growing 

population without increasing our current rate of 

construction and infrastructure delivery. 

 

The question becomes: how can we create adequate cities 

when the built environment in itself is partly responsible 

for compromising our ability to maintain a livable earth? 

Furthermore, how can we solve this issue when there are 

so many complex and sometimes contradictory 

interdependencies to consider? 

 

We have arrived at a wicked problem. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Photo of Ginza, Tokyo by J. Cameron via Unsplash (2018) 

 

 

A Not-So-Crazy Solution 

Climate change is particularly difficult to solve because 

there is no single solution to it. In other words, the effort 

to solve one aspect of climate change most likely leads to 

a different problem, which in turn requires a different 

solution, and so on. 

 

However, if we focus exclusively on reducing the 

harmful carbon emissions produced by the built 

environment, we can then come up with a set of practices 

and strategies to mitigate the environmental effect of 

typical construction, operation, and maintenance 

activities. 

 

Nevertheless, the challenge we face here not only 

encompasses the act of providing environmental benefits 

for future generations, but rather doing so without 

neglecting the need for social and economic resources as 

well. This very challenge brings us to the definition of a 

practical and necessary solution: sustainability. 
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Main Concepts 
 

 

 

Before discussing potential strategies for the sustainable 

development of the built environment, I would like to 

first define a variety of concepts for terms that will be 

used throughout this paper. 

 

The order in which these concepts are presented serves as 

a means to organize the subsequent discussion, and most 

importantly, intends to direct our attention to specific 

focus areas within the larger realms of sustainability and 

the built environment. 

 

 

The Built Environment 

Briefly speaking, the term built environment refers to the 

human-made environment or space in which human 

activity takes place[3]. Although the built environment 

consists of physical features, it is also commonly used to 

highlight the relationship between physical space and 

social activity. 

 

When we talk about the built environment of a city, we 

can identify a variety of elements that compose this space 

including buildings, streets, roads, sidewalks, parks, 

transportation systems, and much more. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Photo of Shenzhen, China by J. Fernandez via Unsplash (2021) 

Sustainability 

As defined by the United Nations in 1987[4], the term 

sustainability is commonly referred to as the act of 

“meeting the needs of the present without compromising 

the ability of future generations to meet their own needs.” 

Here it is crucial to recognize that sustainability is not 

only related to the environment but also involves 

satisfying other types of future necessities including 

those related to economic and social aspects. 

 

 

The Integrated Design Process (IDP) 

Ever since humans realized the need for sustainable 

growth, efforts have been made to come up with specific 

strategies that would allow for a more holistic 

development of the built environment. One of these 

methods was first conceived in Canada in the 1990s and 

is referred to as the Integrated Design Process or IDP[5]. 

 

Although there is no single “correct” definition for the 

IDP, it is clear that this process aims to provide a better 

way of approaching building design. Specifically, 

Sustainable Buildings Canada[6] defines the IDP as a 

collaborative process focused on achieving the enhanced 

environmental performance of a building by considering 

its entire life cycle including design, construction, 

operation, and occupancy. 

 

In general, I believe the idea of integrated design can be 

summarized as a process which contains the following 

characteristics: 

 

1. Design that aims for the integration of different 

disciplines working towards a common purpose. 

2. Design that considers the integrated relationships 

between the different phases of a project’s life 

cycle (i.e., design, construction, operation, etc.). 

3. Design that focuses on achieving a sustainable and 

optimal outcome in terms of both human and 

environmental needs. 
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Integrated Design of Buildings 
(A Structural Perspective) 
 

 

 

Having defined the concept of integrated design, I would 

like to emphasize this concept towards the specific 

design of buildings as per the objective of the IDP. 

 

To begin, it is important to understand that the delivery 

of a building project intends to satisfy a variety of 

aspects, some of which may or may not necessarily be 

related to a physical building in itself. This means that in 

addition to providing a physical entity, a building project 

must also consider other constraints including those 

related to the project budget, schedule, and environment. 

 

When the owners of a building decide to engage in the 

IDP, they should always start with creating an open 

environment of multidisciplinary collaboration between 

the different stakeholders involved in the project. During 

conceptual design, the integrated team should compare 

different design alternatives analyzing the consequences 

of using different materials, technologies, and methods. 

The aim should be to best address the different needs of 

the project including functionality, safety, serviceability, 

sustainability, cost, schedule, and even aesthetics.  

 

 

 

 

 

 

 

 

 
Photo by Royal Academy of Engineering via Unsplash (2020) 

 

When the IDP was first conceived in 1993, the purpose 

was to achieve high-performing buildings in terms of 

energy, indoor environment, environmental impact, and 

functionality[5]. As such, it was expected for architects 

and mechanical engineers to be heavily involved. 

Today, we must recognize the importance of including as 

many experts as possible in order to achieve optimal 

outcomes across all aspects of a building project. In this 

paper, it is my intention to specifically highlight the 

importance of including structural engineers during early 

stages of the IDP to obtain valuable project benefits that 

go beyond structural considerations. 

 

 

 

 

 

 

 

 

 

 
Photo by M. Foulds via Unsplash (2018) 

 

 

Structural Engineering Strategies 

In general, structural engineers analyze and design 

structures to provide safety and comfort within the built 

environment. In terms of building design, the role of 

structural engineers typically consists of specifying 

structural components and/or systems to accommodate a 

proposed architectural design. 

 

Although the initial form and shape of a building may be 

dictated by the design of an architect, the judgement of a 

structural engineer can intervene to alter a design for 

practical purposes including providing increased safety 

and comfort for building occupants. 

 

In the following section, I will present several structural 

engineering strategies that can be used to achieve a truly 

integrated (and thus sustainable) design of buildings. 
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1. Do Nothing! 
Whether or not you work in the built environment, it is 

likely you have heard the expression famously adopted 

by German-American architect Mies van der Rohe: “less 

is more”. Well, in terms of sustainability, minimal 

intervention actually means that less is…less! (i.e., not 

building means less material, emissions, and cost). 

 

When a project owner conceives the idea of a new 

building it is critical to assess whether or not this project 

is actually needed in the first place. Although it may 

seem counterintuitive, the best way to reduce the carbon 

footprint of a new building is to not build it at all[7]. 

 

With this being said, most of the time it is not reasonable 

to abandon an entire project exclusively for the sake of 

sustainability. Nonetheless, this does not mean that we 

should always prefer new build over other existing ways 

to satisfy our need for space. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Carbon Reduction Curve from J. Norman via IStructE (2022)[8] 

 

So, whose responsibility is it to make the build-no build 

decision? Technically speaking, the owner. However, the 

engineering duty to the environment makes structural 

engineers responsible for pointing out the environmental 

impact of new construction as early as possible. 

 

In this sense, it is important to question whether or not a 

new building is needed. If an existing structurally-sound 

building exists, we should find out if there is a sufficient 

reason to demolish this building. In many cases, existing 

buildings are still able to accommodate different uses. 

Overall, the main idea behind this strategy is not to halt 

new development in its entirety but instead to deeply 

reflect on its purpose before building. If we strive for 

sustainable design, a good place to start is considering 

the environmental impact of new construction (or 

demolition). Throughout this process, there might also be 

a chance to explore other alternatives with lower costs. 

 

 

2. Retrofit (if you can) 
Upon reflecting on the need to build or not, we arrive at a 

second strategy for sustainable development. If possible 

and viable, it is always recommended for structural 

engineers to propose the retrofit of existing buildings in 

order to take advantage of the embodied carbon already 

present in the existing structures. 

 

Although this strategy might require additional carbon 

emissions related to construction and new materials (if 

any), there is definitely a reduction in the environmental 

impact of this method compared to new construction. If it 

is not possible to retrofit an existing building, it is always 

recommended to design with circular principles in mind 

including design for disassembly, reuse, and recycling; 

and proportional repair (i.e., repair what is needed)[9]. 

 

 

 

 

 

 

 

 

 

 
Photo by A. Fomin via Unsplash (2018) 

 

According to a study published in 2019[10], buildings in 

major cities are often underutilized and discarded before 

they reach the end of their useful life. This study found 

that if cities optimize the use of existing structures, there 

is a potential to reduce Green House Gas (GHG) 

emissions by up to 11% between 2017 and 2050[10].  
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3. Choose Better Materials 
In conventional building design, structural strategies 

often focus primarily on providing cost-effective 

solutions that suit the financial objectives of a project 

owner[11]. In contrast, integrated building design 

emphasizes achieving positive environmental outcomes 

in addition to seeking economic benefits for the project. 

 

To this end, it can be argued that the selection of 

structural materials provides perhaps the greatest 

opportunity for structural engineers to contribute to a 

project’s sustainability both in terms of reducing the 

environmental impact and cutting down costs. 

 

After receiving an architectural design, it is imperative 

for structural engineers to consider the entire life cycle of 

a building in order to anticipate an adequate demand for 

material strength and durability. At this stage, engineers 

engaged in the IDP should consider other alternatives to 

replace the conventional use of structural steel and 

concrete. Examples of new materials to consider include 

cross laminated timber, bamboo, low-carbon concrete, 

and rammed earth. All of these alternatives provide for 

sustainable options with lower embodied carbon. 

 

 

 

 

 

 

 

 

 

 

 

 
Photo by N. Gutiérrez via Unsplash (2021) 

 

Alarming Facts: Back in 2011, it was found that the 

construction industry alone uses nearly half of the total 

1.3-1.5 billion tonnes of steel produced globally, 

generating at least 1,250 million tonnes of CO2 per 

year[12]. In 2018, structural concrete alone generated an 

astonishing 8% of global CO2 emissions[13]. Evidently, 

replacing these materials can make a big difference. 

 

 

 

 

 

 

 

 

 

 

 

 
Carbon Reduction Chart from J. Norman via IStructE (2022)[8] 

 

 

4. Optimize the Design 
When we talk about design in structural engineering it is 

common to think about safety and serviceability as the 

primary considerations to account for. However, it is 

crucial for the design of structures to also consider 

opportunities for increased efficiency in terms of material 

use. This strategy known as lean design ultimately 

translates to lower emissions and substantial benefits 

with respect to cost. 

 

Despite the absolute need for design that prioritizes 

structural integrity, engineers should always strive for 

design excellence by avoiding the excessive use of 

structural material often driven by over-specification or 

influenced by the guidelines of building codes[10].  

 

In this sense, striving for an optimal design does not 

necessarily imply an overall reduction in the size of a 

building, but rather implies an effort to design efficient 

structural systems with less material. Useful strategies 

that can be used to achieve this purpose include using 

computational methods for design[14], specifying 

standardized shapes and forms, and using prefabricated 

and modular components or systems to limit unnecessary 

connections and to reduce on-site material waste. 

 

When applying lean design principles, it is important for 

the entire project team to understand the value of the time 

and fees spent on design development and refinement. 

Design efforts are rarely regretted in the long run. 
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Photo by A. Dziubinska via Unsplash (2014) 

 

5. Increase Adaptability 
When we begin to design a building, we often tend to 

focus on proposed building typologies and uses. But 

what if our intentions for this building were to change? 

Would the initial design proposed for the building be 

suitable for a different function in the future? 

 

At first, it may seem as if these questions would only 

concern the architect in charge of designing the building. 

However, structural engineers should also be interested 

in anticipating the future occupancy and operation of a 

building given their need to assess the different loading 

conditions to which the structure will be subjected[15]. 

This is another reason why structural engineers should be 

included early on in the IDP. 

 

If the use of a building changes in the future, then further 

strengthening or serviceability improvements (e.g., 

vibration damping) may be required. The solution to this 

scenario would be to analyze the entire life cycle of a 

building to then design an adaptable structure that 

accommodates different purposes and conditions. 

 

Adaptable design reduces the need for extensive retrofit 

in the future. This in turn implies less demolition, a 

reduced need for new materials, and reduced construction 

waste. Therefore, the benefits of design flexibility are not 

only related to the environment but also to time and cost. 

 

In order to provide design flexibility, it is very important 

for structural engineers to engage with other design 

professionals to understand how their current or future 

intentions impact the structural design of a building. 

Examples of important considerations when designing 

for structural flexibility include anticipating future 

expansions or reconfigurations[15], analyzing changes in 

weather (i.e., changes in loads), and anticipating the 

changing space requirements of building systems (e.g., 

mechanical, electrical, and plumbing systems)[16]. 

 

 

 

 

 

 

 

 

 

 
Photo by D. McCullough via Unsplash (2017) 

 

6. Challenge the Brief 
If we wish to truly make an effort towards the reduction 

of carbon emissions, we must analyze all aspects of a 

building project – starting with the brief. 

 

When a project owner decides to incorporate an 

integrated design process, the entire team must be ready 

to welcome a reimagination of the project brief in order 

to achieve the most impactful and beneficial outcome for 

the environment. 

 

With regards to structural engineering, this act of 

challenging or redefining the brief often involves a 

comprehensive assessment of each and every detail 

influencing the design of the structural system. 

 

Examples of potential opportunities to redefine the brief 

from a structural engineering perspective include 

questioning the use of specific materials, assessing the 

feasibility of an architectural design, questioning the 

need for specific grid configurations, redefining span 

sizes, interrogating serviceability criteria (e.g., crack 

width requirements, slab deflections, vibration, etc.), 

refining load assumptions (i.e., shift from “conservative” 

to “optimal” design), and challenging design 

redundancies which may never actually be needed[9]. 
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When redefining a project brief it is also useful to keep in 

mind the recommendations presented in strategies 1 and 

5 related to assessing the building’s purpose and the 

potential demand for building adaptability in the future. 

Here we must not forget that the earlier a team reflects on 

these considerations, the easier it will be to find and 

implement adequate solutions at an affordable cost. 

 

As a final consideration for this strategy, I would like to 

emphasize that if a project owner truly wishes to place 

sustainability at the very top of the priority list, the entire 

project team should be prepared to reach compromise on 

specific design aspects for the sake of bringing about a 

positive impact on the environment. Change is good! 

 

 

7. Foundations Matter 
The foundations of a building constitute one of the most 

important yet sometimes forgotten parts of the design of 

a building. From a structural perspective, the purpose of 

a building foundation is to carry loads, transfer these 

loads to the ground, and provide structural stability and 

rigidity. To achieve all of this, building foundations rely 

on a substantial amount of material which typically 

consists of structural concrete with steel reinforcement.  

With this being said, it should then come as no surprise 

that in most buildings (those with reinforced concrete 

foundations), the foundations represent about 20% of the 

total embodied carbon of the structure[9]. 

 

For this reason, the structural design of building 

foundations should always be optimized to eliminate 

unnecessary material from the design – thus reducing the 

environmental impact due to CO2 emissions. To achieve 

this purpose, the following measures can be taken[8] [9]: 

 

- Specify the lowest appropriate strength for concrete 

foundations (56-day strength recommended). 

- Avoid designing basements and suspended floor 

slabs (where possible). 

- Reduce the weight of the building superstructure in 

order to minimize the required foundations. 

- Ensure an appropriate investigation of the site’s soil 

and ground conditions to avoid overdesigning the 

foundations due to uncertainty. 

- Take the time to choose the most adequate type of 

foundation for the building (e.g., piles vs. pads or 

strips, etc.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo by S. Blake 

via Unsplash 

(2018) 
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Lessons Learned 
 

 

 

The purpose of this paper was to introduce the complex 

dilemma behind climate change and discuss how it 

relates to the harmful production of carbon emissions that 

originate from the built environment. 

 

Taking the Integrated Design Process (IDP) as a 

reference, this paper specifically described several 

different strategies that can be taken from a structural 

engineering perspective to increase the sustainable 

development of building projects. Overall, this paper 

culminates with the following conclusions and 

recommendations detailed below. 

 

 

Conclusions 
To close the discussion provided throughout this paper, I 

would like to highlight the following conclusions: 

 

- Current materials and methods used in the built 

environment result in harmful carbon emissions 

that deteriorate the earth. 

- It is crucial to employ and promote sustainable 

strategies for the built environment such as the 

Integrated Design Process (IDP). 

- In addition to evaluating the entire life cycle of a 

building, it is necessary for project teams to work 

together to achieve optimal design solutions. 

- With regards to structural engineering, the most 

important objective for sustainable development is 

to strive for less material – which ultimately 

translates to reduced environmental impact. 

- When it comes to sustainable efforts, building 

nothing is indeed better than building something. 

As such, it is important to always assess the value 

of any design and to reflect deeply on its purpose. 

- Integrating the input of as many experts as possible 

early on is useful not only for structural engineers 

but essentially for all design disciplines. 

 

Recommendations 
Broadly speaking, my most important suggestion for any 

project team is to really consider the benefits of making 

sustainability a priority on your building projects (that is, 

if you have not done so already). 

 

Aside from making the world a better place, employing 

the time and effort for sustainable development provides 

an incomparable amount of satisfaction on both a 

professional and personal level. 

 

If your project team has decided to take a step towards 

the integrated design of buildings, please consider the 

following recommendations: 

 

- Value different opinions. Integration means 

creating a welcoming space for differing ideas and 

contributions. Making an effort to share the design 

process with as many stakeholders as possible 

delivers extraordinary benefits in the future. 

- Question everything. During project conception, do 

not be afraid to interrogate each and every aspect of 

a building project. Sometimes finding the right 

answer depends on being able to formulate the 

appropriate questions. 

- Think ahead. When engaging in any design 

process, it is crucial to unleash our imagination in 

order to anticipate future scenarios and to design 

for them appropriately. It is key to challenge the 

status quo by exploring new possibilities for design. 

And last but not least, 

- Include structural engineers early on! As design 

experts trained in problem solving, structural 

engineers just might be able to provide much more 

value to your building project than you may think! 
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