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Can generative artificial intelligence (GenAI) help overcome the building industry's hurdles to digitization
and sustainability? We have conducted some hands-on experiments and share the practical learnings we
have gained from using AI technology, and our insights into how it can help achieve sustainability goals.
With our explorations and insights, we aim to motivate others to embark on a GenAI journey and leverage
their contributions to the industry and possibly to a more sustainable future.
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Introduction

One of the biggest challenges of our time is sustainable development: promoting economic and social
development without depleting the planet’s resources and endangering the quality of life. The building,
construction and real estate industry, with its mission to provide comfortable and sustainable housing and
infrastructure for all, is shaping this sustainable future. In addition, it has a significant share in carbon emissions,
the production of waste, the use of natural resources and other impacts on the environment.

The industry’s journey toward sustainability is underpinned by three key objectives: decarbonization, the creation
of a circular economy, and energy efficiency. While the industry is making progress on energy efficiency, it has a
lot of catching up to do on the other two objectives. The goals are clear, but the actionable strategies are less so. 



Recently, generative AI (GenAI) has been making waves as a transformative tool, offering breakthrough solutions
that challenge traditional processes. Its integration is gaining momentum in various industries. In the construction
industry in particular, its potential to revolutionize the current state of the art seems immense. 

Given this emerging prominence, a pertinent question arises: In what capacities, and to what extent, can GenAI be
harnessed to navigate the building, construction, and real estate industry toward improved sustainability
trajectories? The intersection of advanced artificial intelligence with traditional industry practices offers a
compelling avenue for exploration, potentially fostering novel methodologies and reshaping industry standards.

« In what capacities, and to what extent, can GenAI be harnessed to
navigate the building, construction, and real estate industry toward
improved sustainability trajectories? »

 

The Challenges of the Industry

The building, construction, and real estate industry is lagging behind in the adoption of emerging digital
technologies despite tangible advances in the technological landscape. While progress has been made in recent
years, as evidenced by the integration of Building Information Modeling (BIM), Digital Building Twins, and other
relevant digital technologies, the industry faces a widening technology adoption gap. This widening gap can be
attributed to resistance from various stakeholders and the many challenges associated with evolving design,
construction, and operations processes to accommodate new technology paradigms.

While some players have embraced the digital age and set out to take advantage of the new opportunities, many
are still hesitant to embark on the digital transformation journey. This challenge is compounded by the complex
and fragmented nature of the industry. Composed of a few dominant players and a plethora of small businesses,
the industry operates through an interconnected network of disparate processes and systems along the entire
value chain, encompassing the production of the building materials, construction, and maintenance of buildings
and assets.

To achieve net zero and create a circular economy, we must use fewer natural resources and become more
efficient. Digitizing the necessary processes and maximizing the use of technology are key elements in achieving
this goal. However, we will only be successful if the data from all systems involved  are interoperable. In short, a
highly digitalized and interoperable industry is an integral part of our quest for sustainable development. And this
is the challenge we are tackling with the help of GenAI.

« Digitization is critical to achieving net zero. As the complexity and
fragmentation of the construction industry are hampering its efforts
toward digitalization, generative AI has the potential to overcome



these challenges. »

 

Our Setup to Test ChatGPT

In the context of our setup, ChatGPT was used as a representative example of generative artificial intelligence. The
release of OpenAI’s ChatGPT, a user-accessible interface for the GPT 3.5 Large Language Model (LLM), in
November 2022 demonstrated the capabilities of generative AI to a wider audience. This release catalyzed an
expanded awareness of the potential of generative AI by demonstrating its ability to generate a wide range of
outputs, from textual content and functional code to the synthesis of realistic images, product demonstrations, and
videos.

Fueled by the remarkable and rapid advancements in generative AI, we believe it is the time to explore how GenAI
can lead the industry to a more sustainable future and share our findings. Coming from diverse backgrounds – AI
technology, smart building development, data management, enterprise architecture, and real estate and
infrastructure management – we discussed the potential of AI to overcome the industry’s hurdles.

Goals

Our collaboration had the following objectives:

A – On the application side, we aimed to find out the most effective approach to using this AI tool to get
quality responses; and
B – on the content side, we wanted ChatGPT to generate valuable suggestions on how to become more
sustainable, how to get to net zero, and on how generative AI can further assist our industry get there.

We argue that generative AI has the potential to accelerate the digitization of this industry, helping to address
overarching challenges such as sustainable development at strategic, tactical and operational levels.

Strategically, this refers to the alignment of digitization initiatives with overarching organizational goals and
industry trends. Tactically, it involves using GenAI to design and implement specific initiatives that bridge strategic
goals and operational tasks. Operationally, it involves using GenAI to enhance day-to-day processes and tasks,
thereby improving efficiency and effectiveness at the ground level.

Workshop sessions

To substantiate our view, we began practical explorations with GPT-4 with a series of online workshops that took
place between April and July 2023:

Session 1 – Getting further with GenAI:

In the first session we wanted to understand how to phrase the prompts to get the best results. The description
of this process can be found in the next chapter. At the same time, we used ChatGPT to make
recommendations on how to achieve net zero and to suggest the potential contribution of generative AI.
Check out the following link for a glimpse into the prompting process of this iteration to get ChatGPT’s
suggestions toward a more sustainable future: ChatGPT: Generative AI in Construction

Session 2 – Generating machine-readable outcome:

https://chat.openai.com/share/0c61f08a-2a24-4522-b7e9-b46c300e8b06


To achieve interoperability, we need results that machines can read. In session 2, we used GPT-4 to explore its
ability to produce machine-readable results, facilitating the transition between natural and machine-readable
language.
Here is our prompting process using chain-of-thought and tree-of-thought techniques: ChatGPT: Architectural
Data Script – AI

Setup of our workshop sessions
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The Chronology of Session 1

We Asked chatGPT How to Reach
Sustainability

We initiated our AI exploration with a series of broad, open-ended questions presented through voice recordings
(Figure A). However, it quickly became evident that this approach required refinement. We received an output that
provided initial insights on varied topics, approaches, and concrete support suggestions, which were rather
general (Figure B).

https://chat.openai.com/share/b5931d32-4aba-46cf-9e65-eae9904b4353
https://chat.openai.com/share/b5931d32-4aba-46cf-9e65-eae9904b4353


We then adopted a more structured strategy, proposing chapter outlines, specifying aspects to be included,
refining our questions, and providing more contextual detail. (Figure C). This revised approach significantly
improved the quality of the responses. We continued this process by asking follow-up questions (Figure D) to elicit
more specific, relevant aspects of the topic. We also experimented with rephrasing the prompts to compare the
diversity of the responses.

Figures Session 1

Session 1 – Getting further with GenAI
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Figure A: Session 1, First prompt via voice recording.
(copy from Miro-Board)
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Figure B: Session 1, ChatGPT output after first voice
prompt. (copy from Miro-Board)
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Figure C: Session 1, Third prompt with refined con-
text, questions, and structure. (copy from Miro-
Board)
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During this process, ChatGPT’s responses improved significantly: The value proposition of the total output was
fascinating. In our understanding, it would take a professional with at least a few years of experience in the field
and decent knowledge transfer skills to come up with such thoughtful suggestions.

Our exploration continued with a more in-depth examination of the role of humans and machines, the interaction
between the two, an assessment of the costs and potential financial benefits of GenAI, and the request for a
roadmap to achieve the sustainability goal of net zero.

« It would take a professional with at least a few years of experience
in the field and decent knowledge transfer skills to come up with such
thoughtful suggestions. »

 



The Outcome of Session 1

ChatGPT’s Suggestions for the Future of
Construction

ChatGPT emphasizes the need for the industry to adopt innovative economic models that integrate not only
economic considerations but also social and environmental factors. To address the challenge of data complexity, a
two-tiered approach is proposed. The first layer contains as a base all necessary information collected or stored by
relevant software systems used throughout the design, construction, and operation of a building, while the second
layer filters, processes, and presents information from the base layer in a simplified and actionable format tailored
to the needs of a specific role, such as building energy optimization.

To ensure the right level of simplicity in the provision of information between the two layers, ChatGPT suggests
encouraging open communication and collaboration between the various roles involved and the software system
vendors, prioritizing user-centered design principles when creating interfaces and visualizations for layer 2,
ensuring that the systems facilitating the transfer of information are adaptive and flexible.

The role of simulation is emphasized as a key tool for design alternatives, optimization, risk mitigation, and overall
process improvement, and a comprehensive building lifecycle data model is promoted because of its potential to
provide insight for decision-making. To implement data-driven decisions, deliverables and target monitoring,
ChatGPT recommends replacing traditional document-based performance indicators with measurable, and
time-bound data-based objectives, establishing open data standards and formats, investing in a comprehensive
data management system, and incorporating data-driven deliverables into contracts.

It also emphasizes that GenAI can play a significant role in helping the industry to improve sustainability,
efficiency, and overall project success collaborating with stakeholders to implement the above suggestions.

ChatGPT's proposals for more sustainability

Economic Models: Emphasize innovative economic models that integrate social, environmental, and
economic factors.
Information Balance: Adopt a two-layered approach for filtering complex data into actionable insights.
Layer 1 is a repository of all necessary information, while Layer 2 focuses on specific use cases like
facility services.
Human-Machine Interaction: Create tools that facilitate seamless collaboration between humans and
machines.
Holistic Approach: Consider the interplay between people, processes, systems, and Life Cycle Data
Management (LCDM).
Simulation: Use simulations for design optimization, risk reduction, and process improvement.
Interoperability: Prioritize system compatibility and continuous optimization in project operations with
open data standards.
Data Models: Use comprehensive building lifecycle data models for better decision-making and
resource allocation.
Adaptability: Prepare for emerging technologies and trends.

 



The Chronology of Session 2

We asked ChatGPT to Generate Code

If generative AI can lead the real estate and building industry to an interoperable BIM, this journey will take place
in stages, each operating at different levels of communication: at the human-to-human level assemble the various
industry players, at the human-to-machine level whenever a human interacts with generative AI, and then at the
machine-to-machine level, which is our ultimate goal. In the future, as we envision it, data should be able to
interact and communicate seamlessly across most processes and systems.

This conviction led us to engage in a subsequent work session in which we used ChatGPT to explore its ability to
produce machine-readable results. We aimed to identify a practical scenario in which generative AI could facilitate
the transition between natural and machine-readable language.

Asking ChatGPT to write a Python script

Again, we started with a simple natural language prompt, asking ChatGPT to write a code to read data from IFC
files with a given data processing system and considering that we would deploy it on a specified data analytics
platform (Figure E). Specifically, we wanted a Python script to read data from binary IFC files with external library
IfcOpenShell, structure and store it with Spark within Azure Data Lake Storage. For subsequent evaluation
according to the Swiss standards SIA416 we wanted to use Azure Databricks Data Lab Service and provide API
Endpoint for external analytics like PowerBi dashboards etc. The AI generated code, but the lack of consistency
and quality in the output caused us to rethink our approach. We decided to provide more context within the
prompt to improve the quality, focusing on factors such as the persona requesting the code, the data sources, the
expected output, and required business specifications.

Deconstruct complexity with chain-of-thought and tree-of-thought prompting

One of our IT experts suggested using chain-of-thought and tree-of-thought prompting techniques. These
approaches would facilitate breaking down complex problems into manageable steps, which is crucial to achieving
effective solutions through AI.

Chain-of-thought prompting breaks down complex problems into simpler, intermediate steps, enhancing the
cognitive capabilities of an AI model and increasing the accuracy of the result. It recognizes that inherently
complex programming can be broken down into manageable components (Figure F).

Conversely, the tree-of-thought approach acknowledges that thoughts do not follow a strictly linear progression.
Instead, they branch out, like a tree, from an original idea or root into various related but distinct concepts. The
technique mirrors this cognitive process, including stages of brainstorming, evaluation, expansion, and
decision-making stages. Following this model, the AI generates multiple solutions, evaluates them, refines the
proposals, and selects the most effective solution (Figure G).

Based on these techniques, we created a new initial prompt. Rather than immediately aiming for the final output,
our initial natural language prompt aimed to generate a JavaScript Object Notation (JSON) model output, an easily
readable code, to be used as our tree-of-thought prompt, which explores multiple solution paths and guides us to
the desired outcome in the Python programming language (Figure H). We also asked ChatGPT to provide steps or
suggestions for improvement regarding the flexibility, robustness, and cleanliness of our JSON model. In addition,
the iterations were further scrutinized for validation purposes (Figure I).



Figures Session 2

Session 2 – Generating machine-readable outcome
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Fig. E: Session 2, first simple prompt to generate a
python script
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Fig. F, Session 2, chain-of-thought prompting from
our session
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Fig. G, Session 2, tree-of-thought prompting process
from our session

© IEU AG



Fig. H, Session 2, first prompting for a Json Model as
an intermediate step to get the final python script
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Fig. I, Session 2, prompt to improve the Json Model
and implement a validation process

© beyondBIM

« Rather than immediately aiming for the final output, our starting
natural language prompt aimed to generate a JavaScript Object
Notation (JSON) model output, an easily readable code, to be used as
our tree-of-thought prompt, which explores multiple solution paths
and guides us to the desired outcome in the Python programming
language. »



 

The Outcome of Session 2

The Process of Result Validation

A current challenge with AI is the diversity of responses generated from identical prompts. To improve the resulting
quality, we further refined the context. We provided ChatGPT with an example of the desired JSON model, including
any specific standards we needed to adhere to within the prompt.

Through this process over several rounds of iteration, with built-in and ongoing validation and selection of the
most appropriate result, we aimed to refine our result to an optimal level. Ultimately, we expected to arrive at a
highly valued answer or response. However, to ensure code quality, programming unit testing remains essential.
Before deploying a solution, we would need to build a test environment to validate our results, effectively
confirming the soundness of our validation process.

Looking back at the beginning of this session, we started with a simple natural language prompt to create this
Python code. A few hours later, we find ourselves with a sophisticated chain-of-thought and tree-of-thought model
that utilizes this reasoning process to generate a clear and robust response. By handing over the responsibility of
output reflection to the machine, we can make the process more accessible and efficient. This is an achievement
we find truly remarkable.  

From the business request to the final script

Identification of Human Request / Business Need
Transformation of the identified human request or business need into an initial data model
Refinement of the data model by examination and potential integration of prebuilt models or code
snippets
Implementation of reasoning methodologies
Generation of the final script
Rigorous testing of the script to confirm its functionality and accuracy, ensuring it’s ready for
deployment

 

Practical Recommendations

How to Work with ChatGPT

Precise and correct prompting and comprehensive contextualization are fundamental to the effective use of
language based GenAI. The time spent refining these aspects can significantly improve the quality of the GenAI’s
output.

To derive high quality answers, a thorough, in-depth investigation is essential. Digging deeper will lead to better
results and allow for a transition from a strategic perspective to an operational level and, if necessary, down to
hard numbers. A superficial or unsophisticated investigation is doomed to fail and won’t produce a concrete list of
actions, which could compromise team leadership. If this inhibits execution, nothing will happen.



Our machine-oriented work session made an important discovery: the machine could generate code autonomously,
complete with reasoning and validation processes. However, human intervention remains critical at various stages,
including setup, operation, and validation. The presence of responsible humans is still a necessity.

In summary, while effective use requires a learning curve, our exploration of generative AI tools has demonstrated
their potential for scalability and high quality output.

« While effective use of ChatGPT requires a learning curve, our
exploration of generative AI tools has revealed their potential for
scalability and delivering high-quality outputs. »

Our key learnings when working with ChatGPT

Active Engagement: Maximizing the potential of AI tools requires active involvement and practice.
Follow our example and share your insights and learnings within your Community!
Structuring: Organizing prompts and requesting specific response structures improve the
comprehensibility of AI-generated outputs.
Contextualisation: Providing clear context significantly improves the quality of an AI output.
Comprehensive information regarding writing perspective, target audience, and desired outcomes leads
to better results. Employing templates from the target environment can effectively guide the creation of
prompts for machine-readable outputs and the outcome of all kinds of requests.
Clarity and Specificity: Being explicit and precise in prompts enhances the AI’s response quality. Clear
and specific instructions yield more accurate and relevant outputs.
Follow-up and Validation: Reprompting and evaluating the AI’s answers contribute to its learning
process. Validating at each step, including the initial prompt, ensures output quality.
Prompting Techniques: Employing approaches like the chain-of-thought and tree-of-thought methods
can help solve complex problems. By comparing different versions of answers, the best one can be
selected and used as a starting point for subsequent prompts.
Establishing a Validation Benchmark: When posing machine-to-machine questions, it is essential to
have a validation benchmark and an iterative process for optimisation.

 

Discussion on the Quality of the Answers 

How Can AI Take Us Further?

Our exploratory sessions working with ChatGPT have exceeded our expectations. The machine provided strategic
considerations and suggestions. It generated insights into the future of economic models, the opportunities for the
industry to address its biggest challenges, and the value added in innovation. 



On a tactical level, ChatGPT provided valuable suggestions for improving digital capabilities, automation,
development and implementation, and achieving interoperability. In follow-up prompts, it provided practical
step-by-step roadmaps, such as optimizing the interaction of people, processes, systems and lifecycle data
management to achieve efficient and sustainable building projects. 

It also explained how AI could support each step, quantified the added value and used examples to illustrate its
points. However, it also identified limitations in tasks typically performed by project managers. For example,
translating a step-by-step plan into a realistic timeline proved too challenging.

A tool to make data-driven decisions

Given the complexity and difficulty of overseeing the entire building industry, the vision is that AI can help the
industry because it spans all areas and disciplines and has access to vast knowledge that it can connect.

One strategic challenge, for example, is the value proposition of investing in digitization. Through our work with
ChatGPT, we have seen its potential to articulate and quantify this value proposition. Managers are faced with the
critical question: What is the justification for this technology investment? Consider the example of Building
Information Modeling; while its abstract value proposition is widely acknowledged, quantifying that value in
tangible, measurable terms is a formidable challenge. The benefits of digitization, which include aspects such as
improved efficiency, increased accuracy, and financial savings, are often difficult to correlate, concretize, and
integrate into a comprehensive value narrative.

From our perspective, generative AI has the ability to connect these elements. It can analyze the individual
benefits of a digital investment and integrate those. AI even quantifies the immediate and future value of
digitization, while justifying the investment.

A tool to facilitate interoperability beyond standards

Interoperability is at the heart of building projects. Integrating disparate systems and disciplines is a must to
increase efficiency and sustainability.

Talking about interoperability inevitably leads to a discussion of standards. The industry is full of standards. As
important as they are, due to the dynamic nature of the processes, practices and technologies they encapsulate,
standardization often results in rules that need to be updated once finalized.

The strength of GenAI lies in its access to multiple standards and its ability to differentiate and transition between
them. With generative AI technologies, humans no longer need to master every standard. Instead, users can query
AI for optimal processes. This doesn’t diminish the importance of standards, but it does require a re-evaluation of
the role and methodology of standardization, and calls for more dynamic and open standards.

Perhaps at some point, we can envision a phase-out of traditional standards as AI’s understanding of construction
deepens. But for now, without standardization, AI would lack a fundamental basis for understanding and
application. Documented standards, full with illustrative examples, are integral to AI’s learning and interpretation.
The focus should therefore be on evolving standardization to capitalize on AI’s strengths and facilitate its learning
and application.

The crucial role of openBIM

In this context, the role of openBIM becomes critical. It promotes transparent standards and seamless
interoperability. With AI’s ability to analyze multi-faceted BIM data, we see opportunities for enhanced data
integrity and predictive analytics. Hence, we shall thoroughly investigate and research to maximize GenAI’s
potential in openBIM.

Python offered a flexible coding environment to craft customized solutions and facilitate smooth integration with
pre-existing systems. This confluence of AI, openBIM, and modern programming languages is not accidental. It



plays a pivotal role in the contemporary shift toward adopting DevOps methodologies – software engineering that
aims to integrate development and operations by fostering a collaborative and shared responsibility culture –
within the real estate and construction industry. 

Moreover, the open standards of BIM provide a transparent and universally interpretable canvas for deploying AI
models, ensuring the pivotal machine-to-machine interactions required for automated decision-making and
workflow optimization.

 

Conclusion & Outlook

A Call to the Industry:
Go for it!

In an era of increasing complexity and the need for multi-disciplinary systems, it is essential to manage the
constant addition of tools, regulations, materials, processes, and data. The industry must find ways to present data
that is both simple and contextualized so that all stakeholders can easily understand it.

The industry ecosystem needs to prepare in not just working with data but also delivering structured or
unstructured data to maximize the potential of AI. This will require significant evolution and transformation of
current procurement and compensation practices. Ownership of data and ethical use of data with transparency are
pivotal to the success in adoption of integration of AI in our industry. The upcoming EU AI Act, the first regulation
on artificial intelligence, should be carefully evaluated and integrated in further discussions and deliberations.

AI displaces jobs

For those concerned about AI displacing jobs, this is a tangible issue. As one of our technology experts confirmed,
the increasing prevalence of AI has already begun to affect certain professions, such as programming contractors.
However, keeping a human in the loop is still crucial. Learning to work with AI could increase efficiency and better
align professionals with future business needs.

The energy investment of AI is worthwhile 

Regarding sustainability, the considerable energy consumed by AI cannot be ignored. However, two factors
mitigate these concerns. First, technological developments have consistently shown that increases in computing
power are accompanied by reductions in energy consumption. Second, AI has significant potential to drive the
overall shift toward sustainability, making the additional energy investment worthwhile.

Generative AI will disrupt the industry

Technological developments cannot be dismissed or ignored. Industry players should consider the potential
benefits of the changes they bring. We are currently witnessing the dawn of the era of generative AI. As models,
tools, and questioning methods evolve, the capabilities of generative AI will improve. This transformation may be
comparable to, or even superior to, the shift from pen-and-paper drawings to computer-aided design. Therefore,
it’s plausible to expect this technology to have a non-integrative, but somewhat disruptive impact on our industry.

Engage with AI and explore the new technology 

For this reason our key recommendation is active exploration: engage with the technology and evaluate its
practical implications for your business. Enhance the team’s skills through education to ensure they can take



advantage of the change ahead. The most effective way to gain this understanding is through experiential
learning.

Let’s discuss and interact

This is just the beginning. We are still in the early days of the development of generative AI. We must continue to
learn and evolve in our knowledge, application, and best practices for using it. Every small step can lead to
significant improvements.

We present our white paper as a foundation and springboard for ongoing discussion, feedback, and recalibration of
our collective knowledge and strategies. Your experiences and insights matter:

What are your concrete experiences?
What insights, thoughts and learnings can you share with our community and the building and real estate
industry?

We will continue to share our experiences and bring ideas and potential challenges to events to discuss with you.  

Let’s move forward together! Let’s contribute to net zero!

« This is a pivotal juncture: The ability to adapt can lead to significant
progress. »

« What are your tangible experiences? What insights, thoughts, and
learnings can you share with our Community? »
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