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9. Compendium of Related Application: AI in Architectural
Design and Engineering — uses & softwares currently in use

3. Performance Simulation, Optimization & Sustainability
* Al models analyse environmental / structural /

1. Generative Design & Parametric Modelling

* Al algorithms generate many design options (forms,
layouts, structural systems) based on defined
constraints (site, materials, structural load, energy,
cost).

Example: A recent study describes “Sketch-to-
Architecture” where simple sketches + text prompts
lead to conceptual floorplans and 3D models.

Also, in structural engineering, pipelines integrate BIM
and generative Al to optimize shear-walls, seismic
design, height constraints etc.

Benefit: Much faster exploration of design space, more
innovative forms, ability to optimize for multiple
criteria.

Consideration: The designer still must evaluate human
factors, aesthetics, context; Al tends to optimise for
criteria you feed it which may omit intangible /
gualitative aspects.

2. Building Information Modelling (BIM) + Automation

Al enhances BIM workflows: for example automating
clash-detection (between
mechanical/structural/architectural systems), ensuring
updates propagate, reducing manual coordination.

Tools let you ask in natural language (or simple
interface) to do tasks in CAD/BIM: e.g., generate
sheets, dimension views, produce script actions.

Benefit: Saves time, reduces errors, frees up
engineers/architects to focus on higher level design
rather than repetitive modelling tasks.

Consideration: Needs good quality underlying data and
discipline in model creation; if BIM data is messy then
automation may propagate errors.

operational data to simulate how the building will
perform: energy use, daylight, thermal comfort,
structural stresses.

Example: A 2025 systematic review reports Al
supports sustainable architecture via material
selection, energy optimisation, ventilation
simulation.

Benefit: More sustainable, efficient design; early
insight into performance avoiding costly surprises
after construction.

Consideration: Simulation accuracy depends on
quality of data, correct modelling of context; Al
suggestions may require expert validation.

4. Site Analysis, Feasibility & Risk Assessment
* Al models analyze environmental / structural /

operational data to simulate how the building will
perform: energy use, daylight, thermal comfort,
structural stresses.

Example: A 2025 systematic review reports Al
supports sustainable architecture via material
selection, energy optimization, ventilation
simulation.

Benefit: More sustainable, efficient design; early
insight into performance avoiding costly surprises
after construction.

Consideration: Simulation accuracy depends on
quality of data, correct modelling of context; Al
suggestions may require expert validation
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5. Vizualization
¢ Al helps produce photorealistic renders, VR/AR
experiences for clients and stakeholders quickly.

e |t can also enable rapid iteration of materials, lighting,
spatial qualities.

e Benefit: Better communication, client buy-in, ability to
visualize design earlier and more clearly.

e Consideration: Visualization is only one part of design
— it doesn’t guarantee that structural, regulatory, or
functional requirements are addressed unless
integrated properly.

6. Construction & Lifecycle Management
e Al monitors building systems (HVAC, lighting,
elevators), predicts failures and schedules
maintenance.

¢ Al integrated with digital twins: real-time data from
sensors + modelling allows ongoing optimization of
building performance.

¢ Benefit: Reduced maintenance costs, improved
building performance, extended asset life.

¢ Consideration: Requires sensors/data infrastructure,
and active management to act on insights; also raises
data privacy/security issues.

Real-World Examples

Research: Integration of large language models + BIM to
support interactive architectural design—architect types
natural-language instructions, Al generates/refines BIM
model.

e A review paper (2025) found that Al supports
generative design, spatial organization, sustainable
architecture—but flagged challenges of bias and loss of
architectural identity.

e Firms using Al to assist early concepting, rapid
visualization, competitive bids (for example in news
coverage of major architecture firms).

Why It’s Valuable
* Speed & efficiency: Automates repetitive tasks,
accelerates iteration.

* Better decisions: Data-driven insights allow more
informed design choices.

* Innovation: Enables exploring design possibilities that
might be impractical manually.

* Sustainability: Supports optimization for energy use,
materials, environmental context.

* Risk reduction: Early detection of potential problems,
improved coordination between disciplines.

Challenges & Limitations
e Data quality & integration: Al is only as good as the
data; legacy systems/data gaps hinder performance.

e Loss of human/contextual nuance: Design isn’t just
about efficiency; human, cultural, contextual, aesthetic
factors matter. Al may not grasp them fully.

e Algorithmic bias & one-size-fits-all risk: Al may push
towards common “optimized” forms rather than local,
contextual identity.

o Skill & workflow change: Professionals need training;
workflows must adapt.

e Ethics, transparency & responsibility: Who owns the Al-
generated design, how to handle intellectual property,
how to ensure accountability.

¢ Implementation cost & infrastructure: For full value,
many firms need investment in BIM, data
management, sensors, workflows.

To get a glimpse of how BIM is changing complex
architecture and engineering design, click here:
BIM: Architecture & Engineering Design

To see how Al Graphics programs are changing the world
of design illustration, click here:
Al and Visualizations



https://www.youtube.com/watch?v=EHItLMJo8Og
https://www.youtube.com/watch?v=Z22VXluIOyo

